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MINUTES  OF  MEETINGS 
OF  THE  SOCIETY 


December  17th,  1919. — The  meeting  was  called  to  order  at  8.30 
P.  M.;  Vice-President  Herbert  S.  Crocker  in  the  chair;  Chas.  Warren 
Hunt,  Secretary;  and  present,  also,  235  members  and  guests,  including 
a  number  of  ladies. 

Vice-President  Crocker  introduced  the  speaker  of  the  evening, 
William  V.  Alford,  Assoc.  M.  Am.  Soc.  C.  E.,  who  delivered  an  interest- 
ing address  on  "An  Engineer's  Rambles  in  Central  and  South  America", 
illustrating  his  remarks  with  numerous  lantern  slides. 

The  Secretary  announced  the  following  deaths : 

Stephen  Pearson  Brown,  of  New  York  City,  elected  Associate 
Member,  October  5th,  1904 ;  Member,  November  1st,  1910 ;  died  Decem- 
ber 6th,  1919. 
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Paul  Sourin  King,  of  Wilmington,  Del.,  elected  Member,  July  3d, 
1889 ;  died  October  30th,  1919. 

William  Newbrough,  of  Kemmerer,  Wyo.,  elected  Member,  April 
6th,  1904;  died  November  1st,  1919. 

Mason  Eomeyn  Strong,  elected  Member,  March  6th,  1901 ;  died 
December  2d,  1919. 

Adjourned. 

January  7th,  1919.— The  meeting  was  called  to  order  at  8.30  P.  M.; 
Vice-President  Nelson  P.  Lewis  in  the  chair;  Chas.  Warren  Hunt, 
Secretary;  and  present,  also,  140  members  and  guests. 

An  illustrated  lecture  by  John  P.  Hogan,  M.  Am.  Soc.  C.  E., 
formerly  Lt.-Col.,  General  Staff,  A.  E.  F.,  and  Chief  of  Topographical 
Service,  Second  U.  S.  Army,  was  presented,  on  the  subject  of  "Military 
Maps,  with  Special  Reference  to  the  Application  of  Aerial  Photography 
to  Map  Making".  The  subject  was  also  discussed  by  Messrs.  E.  A. 
Snyder  and  Allen  Hazen. 

The  Secretary  announced  the  following  deaths : 

Henry  Wilson  Hodge,  of  New  York  City,  elected  Junior,  January 
5th,  1887 ;  Member,  October  2d,  1895 ;  died  December  21st,  1919. 

John  Patrick  O'Donnell,  of  London,  England,  elected  Member, 
July  5th,  1893 :  died  December  2d,  1919. 

Egbert  Van  Buren,  of  Norwalk,  Conn.,  elected  Member,  June  17th, 
1868 ;  died  December  16th,  1919. 

Adjourned. 
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FAMILY  RELATIONS 


Address    by    William    G.    Eaymond,   M.    Am.    Soc.    C.    E.,    at    the 

First  Annual  Meeting  of  the  Iowa  Association 

OF  Members  of  the 

American  Society  of  Civil  Engineers,  November  20th,  1919. 


It  is  not  clear  that  the  American  Society  of  Civil  Engineers  and  its 
Local  Associations  bear  the  relation  of  parent  and  children. 

Children  look  to  their  parents  for  guidance  and  assistance  in  their 
affairs  until  they  are  able  to  go  alone,  and  then — well  then  they  usually 
go  alone.  Nothing  of  that  sort  is  contemplated  in  the  creation  of  local 
associations  of  the  American  Society  of  Civil  Engineers. 

Parents  usually  are  anxious  to  see  to  it  that  their  children  are 
prepared  to  go  alone,  to  break  away  from  the  family  circle  and  establish 
new  circles  of  importance  and  magnitude  equal  to  that  of  the  parent 
circle.  Surely  the  American  Society  of  Civil  Engineers  has  no  wish 
to  train  these  local  associations  with  a  view  to  having  them  break 
away  from  the  central  Society,  to  form  wholly  independent  organiza- 
tions of  importance  and  magnitude  comparable  to  that  of  the  Society. 
Indeed,  that  would  be  impossible.  No  such  organization  could  grow 
into  such  importance  and  still  be  a  part  of  the  Society,  the  part  cannot 
be  greater  than  the  whole. 

Again,  new  families  are  still  parts  of  old  families  from  which  they 
spring  until  the  old  families  are  gone.  No  one  looks  for  the  American 
Society  of  Civil  Engineers  to  die. 

And  so,  look  for  an  analogy  as  one  may,  it  is  difficult  to  see  that 
the  relation  of  child  and  parent  exists  between  this  organization  and 
the  great  Society  of  which  it  is  a  part. 

Therefore,  it  would  seem  to  be  improper  to  speak  of  this  Iowa 
Association  of  Members  of  the  American  Society  of  Civil  Engineers 
and  the  Parent  Society. 

This  is  the  day  of  organization,  every  one  is  organizing  himself  into 
a  society  and  publishing  a  magazine.  It  is  not  clear  that  this  is  a  good 
thing,  and  so  it  may  be  uncertain  whether  your  speaker  has  to  his 
credit  or  his  debit  the  making  of  the  motion  that  created  the  committee 
that  created  this  organization. 

If  the  organization  proceeds  to  publish  a  magazine  your  speaker 
will  feel  pretty  sure  that  a  debit  should  be  charged  against  him.  On 
the  other  hand,  if  the  Association  simply  uses  its  best  endeavor  to  help 
the  greater  Society  that  has  made  the  smaller  one  possible — and  in  so 
doing  makes  the  greater  Society  of  more  value  to  the  members  of  this 
State — your  speaker  will  feel  pretty  sure  that  a  credit  mark  is  due. 
Your  speaker  did  not  choose  his  subject,  but  did  select  the  title  of  the 
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paper,  namely,  "Family  Relations,"  but  upon  considering  the  matter 
he  is  fairly  well  convinced  that  the  title  is  improper,  that  there  is  no 
such  thing  as  family  relationship  between  this  Association  and  the 
American  Society  of  Civil  Engineers. 

The  reason  for  establishing  such  a  local  organization  as  this  is 
found  in  the  hope  that  by  such  local  organization  the  Iowa  members 
of  the  American  Society  of  Civil  Engineers  will  get  more  out  of  their 
membership  and  by  the  development  of  greater  interest  will  contribute 
more  to  the  progress,  influence,  and  good  work  of  the  greater  Society 
than  they  would  or  could  as  individuals. 

It  is  thought  that  the  relationship  of  the  Iowa  Association  to  the 
Society  is  not  different  from  the  relationship  of  each  individual  mem- 
ber to  the  Society,  but  the  voice  of  the  Association  is  bigger  than  the 
voice  of  a  member,  and  if  the  membership  is  united,  harmony  is 
developed  out  of  discord  by  the  tuning  of  many  voices  in  unison. 
These  voices  cannot  be  tuned  together  unless  they  get  together  in  one 
place. 

Except  for  the  stamp  of  professional  competency  that  goes  with 
the  badge,  the  non-resident  member  of  the  Society  who  does  not  meet 
with  his  fellows  more  or  less  frequently,  might  better  subscribe  to  sev- 
eral technical  journals  at  $5.00  a  year  each,  than  to  pay  $15.00  a  year  for 
a  dozen  issues  of  the  Society's  Proceedings.  The  stamp  is  what  is  paid 
for  and  is  worth  what  it  costs  if  the  members  make  it  so. 

Now  the  relationship  of  this  Association  to  the  greater  Society — of 
which  the  Association  is  a  part — being,  as  has  been  said,  not  different 
from  that  of  a  single  member  to  the  greater  Society,  it  remains  only  to 
be  discovered  what  the  member's  relationship  is,  and  do  you  know, 
that  after  thinking  over  this  question  for  many  days,  the  answer  does 
not  come  in  any  elaborate  form  or  apart  from  a  statement  of  the  duties 
of  members  to  the  Society,  and  the  Society  to  members,  and  these  duties 
in  detail  are  the  subject  of  another  discussion. 

Perhaps  a  general  statement  may  be  made  without  encroaching  on 
another's  field. 

The  duty  of  a  member  is  to  keep  himself  in  all  his  professional  and 
personal  life  above  reproach,  to  advance  himself  as  much  as  possible 
by  study  and  observation  and  performance  not  only  as  a  duty  to  society, 
but  as  a  duty  to  the  organization  which  has  given  him  its  stamp  of 
approval  as  a  professional  man.  The  performance  of  this  duty  by  many 
members  is  what  makes  the  stamp  of  approval  worth  having.  There- 
fore, if  a  selfish  motive  is  needed,  it  is  found  in  the  fact  that  in  the  per- 
formance of  duty  the  member  is  contributing  in  a  double  way  to  his 
own  advancement. 

It  is  the  duty  of  the  Society  as  a  whole  to  do  those  things  that  are 
necessary  to  the  advancement  of  the  Profession,  not  simply  to  make 
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its  members  better  money  getters,  but  to  lift  the  ideals  and  professional 
standards  to  the  highest  plane  that  can  be  reached.  If  engineers  as  a 
body  respect  themselves,  they  will  be  respected  by  others.  It  is  the  duty 
of  the  Society  as  a  whole  so  to  order  the  practice  of  the  Profession  that 
none  but  self-respecting  men  of  education  and  capacity,  with  hands  to 
do,  and  minds  to  reason,  and  hearts  to  feel,  will  be  eligible  to  mem- 
bership. 

It  must  be  remembered  always  that  the  great  duty  of  the  Profession 
is  to  society,  and  in  so  far  as  the  individual  members  forget  self  and 
strive  for  the  accomplishment  of  that  which  is  for  the  good  of  their 
fellows,  in  so  far  will  the  individual  realize  what  should  be  his  ambi- 
tion. And  in  so  far  as  the  Profession  as  a  whole  concerns  itself  with 
correct  and  rational  solutions  of  the  great  industrial  and  sanitary  prob- 
lems of  society,  in  so  far  will  it  accomplish  what  should  be  its  mission — 
the  development  of  a  higher  and  better  order  of  living  for  mankind. 

This  Association  is  part  of  the  greater  Society,  it  is  not  a  child  of 
the  Society.  It  should  stand  in  the  relation  of  adviser  for  this  dis- 
trict to  the  Society  and  in  the  relation  of  servant  too,  just  as  an  indi- 
vidual member  should  stand  in  the  relation  of  adviser  and  servant.  The 
difference  is  only  that  the  Association  is  more  powerful  than  the 
member. 

The  Association  by  discussion  by  members  may  arrive  at  a  clearer 
notion  of  proper  procedure  in  a  given  case  than  a  single  member  groping 
by  himself  may  be  able  to  form. 

It  seems  to  be  very  difficult  to  enlarge  more  on  the  relationship  of 
the  Association  and  the  Society  without  encroaching  on  the  subject 
assigned  to  another,  but  perhaps  it  will  be  proper  to  call  attention  to 
the  belief,  which  may  be  disputed,  that  this  Association  meeting  here 
should  be  just  as  much  a  meeting  of  the  American  Society  of  Civil 
Engineers  as  the  little  group  meeting  held  every  other  week  in  the 
Society's  rooms  in  New  York.  True,  the  officers  are  not  here,  but  the 
purpose  is  here — the  function  is  here,  the  people  are  here — and  here  is 
a  meeting  of  the  Society  to  which  any  member  is  welcome  and  in  the 
deliberations  of  which  any  member  may  share.  The  Society  is  every- 
where where  a  few  of  its  members  are  gathered  together,  it  is  not  in 
New  York  alone.  And  this  leads  to  the  thought  that  it  may  be  well 
to  discuss  certain  evidences  of  relationship  that  have  been  suggested  as 
properly  to  be  created. 

The  Seattle  Association  has  proposed  the  creation  of  certain  evi- 
dences of  relationship,  not  only  to  establish  the  relation  more  com- 
pletely, but  for  the  purpose  of  showing  to  the  world  the  real  National 
character  of  the  Society,  and  increasing  its  influence  for  good  in  the 
solution  of  questions  of  National  importance  with  which  the  Engineer- 
ing Profession  is  concerned. 
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Five  proposals  were  made  as  follows,  amended  by  substituting  the 
word  "association"  for  the  word  "section" : 

First. — That  the  Annual  Meeting  be  composed  of  duly  elected 
delegates  from  the  Local  Associations. 

Second. — That  all  applications  for  membership  be  considered  by  the 
Local  Association  having  jurisdiction  before  being  acted  on  by  the 
Board  of  Direction. 

Third. — That  professional  papers  be  first  presented  to  a  local  associa- 
tion, except  those  that  may  be  selected  for  annual  meetings  or  con- 
ventions. 

Fourth. — That  a  sufficient  proportion  of  the  annual  dues  be  remitted 
to  the  Associations  to  care  for  the  necessary  expenses. 

Fifth. — That  the  work  of  the  Headquarters'  Office  be  confined  to  gen- 
eral administration,  issuing  the  publications,  and  arranging  for  annual 
meetings  and  conventions. 

It  is  believed  that  this  Association  can  discuss  these  proposals  with 
much  profit  and  after  due  discussion  can  make  a  deliverance  of  the  best 
judgment  of  the  members  as  to  the  advisability  of  pressing  these  pro- 
posals for  consideration  by  the  whole  Society. 

Discussion  should  proceed,  not  with  any  idea  of  magnifying  the 
importance  of  this  or  any  local  association,  but  solely  with  the  thought 
of  developing  to  its  utmost  the  importance  and  influence  of  the  Ameri- 
can Society  of  Civil  Engineers,  not  simply  for  the  purpose  of  increas- 
ing its  power,  but  for  the  purpose  of  making  it  known  as  a  great  organi- 
zation of  high  ideals  of  professional  skill  and  personal  and  professional 
honor,  and  having  for  its  object  the  advancement  of  civilization  by 
service  to  society. 
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DISCUSSION  ON  THE 
REPOET  OF  THE  COMMITTEE  ON  DEVELOPMENT* 


By  Messrs.  William  Hammond  Hall,  J,  P.  Hallihan, 
AND  J.  L.  Van  Ornum. 

William  Hammond  Hall,!  M.  Am.  Soc.  C.  E.  (by  letter):}: — The 
Committee  on  Development  of  the  Society  by  its  report  of  October  14th, 
1919,  its  previous  report,  and  by  bringing  out  the  discussion  which  has 
appeared  in  the  Proceedings^  has  done  a  work  which  should  effect  much 
betterment  in  and  for  the  profession  and  the  Society.  But  it  seems  to 
the  writer  that  the  groundwork  on  which  the  good  of  American  civil 
engineers,  and  hence  of  their  Society,  must  rest,  has  not  been  com- 
pletely covered  even  by  this  excellent  committee  work  and  discussion 
of  it;  and  the  writer  seeks  to  draw  attention  rather  to  points  a  little 
aside  from  those  thus  far  touched  upon. 

There  is  so  much  good  in  the  Committee's  work  which  will  be  gen- 
erally acclaimed,  that  remarks  which  might  be  construed  as  criticism  on 
some  points,  can  not  diminish  its  value.  It  is  not,  on  the  whole, 
clear  whether  the  major  object  of  the  present  movement  is  the  good 
of  the  Society,  and,  incidentally,  the  betterment  of  conditions  among 
civil  engineers,  or  the  good  of  American  civil  engineers,  and,  inci- 
dentally, the  betterment  of  their  Society.  Very  naturally,  the  good  of 
the  Society  takes  precedence  in  the  Committee's  vision;  while  the 
betterment  of  conditions  among  civil  engineers  seems  to  loom  largest 
in  the  minds  of  those  who  have  discussed  the  Committee's  work. 

Putting  the  case  a  little  differently :  It  seems  to  the  writer  that, 
while  the  Society  may  attempt  much  to  better  the  condition  of  the 
Profession,  it  can  only  succeed  in  that  direction  by  what  civil  engineers 
as  men  themselves  effect  before  the  public.  A  society  of  men  can  not 
rank  with  the  public  much  above  the  individuals  who  compose  it, 
and  a  multitude  of  men  who  are  as  a  rule  individually  iiaert  towards  an 
objective,  can  not  expect  to  be  potential  in  that  direction  as  a  body. 
Special  technical  accomplishment  will  of  course  help  the  individual, 
especially  when  the  public  sees  that  as  a  man  he  is  worthy,  but  a  vast 
body  of  men  in  whom  as  individuals  the  public  may  not,  prepon- 
deratingly,  recognize  special  merit,  can  not  be  helped  materially  by 
their  representative  Society,  even  though  the  Society  knows  them  to 
be  each  as  worthy,  technically,  as  he  who  has  attained  to  public 
recognition. 

*  Continued    from    October-November-December,    1919,    Proceedings,    p.    920    of 
Society  Affairs. 

t  San  Francisco,  Cal. 

t  Received  by  the   Secretary,   December   22d,   1919. 
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Under  the  heading,  "Technical  Activities"  in  the  Development 
Committee's  last  report,  we  find  the  follovt'lng- : 

"The  Committee  believes  that  the  standing  of  a  great  engineering 
society  depends  mainly  on  the  activity  and  progress  of  its  technical 
work,  and  is  of  the  opinion  that  more  active  co-operation  in  movements 
for  public  and  professional  welfare,  as  hereinafter  proposed,  should  not 
be  allowed  to  diminish  the  importance  attached  to  the  technical  activ- 
ities of  the  American  Society  of  Civil  Engineers,  but  rather  that  these 
should  be  stimulated  in  the  interest  of  science  and  the  profession." 

And  then  follow  suggestions  and  recommendations,  which  are 
excellent.  But  it  seems  to  the  writer  that  there  has  been  an  omission. 
The  reason  why  "the  standing  of  a  great  engineering  society  depends 
mainly  on  the  activity  and  progress  of  its  technical  work"  is  because 
the  body  of  men  composing  it  have  not  in  the  past  established  a  firmer 
and  broader  footing  for  it,  by  placing  themselves  as  citizens  further 
forward,  higher  up  and  closer  together.  Perhaps  this  has  been  impos- 
sible, but  the  fact  remains  that  had  it  been  done,  the  reliance  now 
would  not  be  mainly  on  the  activity  and  progress  of  its  technical  work. 
And  so,  it  seems  to  the  writer  that  the  report  might,  to  the  advantage 
of  the  profession,  have  contained  a  paragraph  substantially  like  this : 

"The  Committee  believes  that  the  standing  of  the  great  Civil  Eng- 
neering  Profession  depends  more  directly  on  the  dignity  and  forceful- 
ness  with  which  its  members  conduct  themselves  as  cultivated  men  and 
citizens,  before  the  public,  and  is  of  the  opinion  that  if,  through  the 
more  active  co-operation  in  movements  for  public  and  professional 
welfare,  as  hereinafter  proposed,  civil  engineers  succeeded,  by  exercise 
of  the  above  qualities  and  course,  as  lawyers,  doctors,  and  ministers 
succeed  in  this  regard,  the  American  Society  of  Civil  Engineers  would 
soon  be  above  dependence  on  mere  technical  activities  for  high  public 
standing." 

We  do  not  find  such  a  paragraph  in  the  Committee's  report ;  and  yet, 
does  it  not  state  the  truth? 

Surely,  the  standing  of  the  great  engineering  profession  before 
the  public — and  that  is  where  it  lacks  standing,  and  where  its  members 
cry  out  for  higher  standing — depends  on  the  dignity  and  forcefulness  of 
its  members,  individually  and  as  a  body,  before  the  public,  just  exactly 
as  the  standing  of  either  of  the  other  professions  depends  on  the  like 
personal  and  collective  deportment,  as  men,  of  those  who  practice  such 
professions. 

The  public  standing  and  civic  influence  of  the  lawyer,  as  a  rule,  does 
not  depend  on  the  soundness  in  law  of  his  briefs  or  the  ability  of  his 
arguments  at  the  Bar,  much  less  on  his  deep  erudition  in  the  tech- 
nicalities of  his  profession  or  on  his  abilities  as  known  to  the  Bar 
Association.  Attorneys  who  are  most  in  the  public  eye,  who  have  very 
much,  if  not  the  most  practice,  often  do  not  rank  very  high,  tech- 
nically, with  their  professional  brothers  or  with  the  Bench.     The  very 
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best  lawyers,  technically,  do  not,  as  a  rule,  make  marked  successes  before 
the  public.  Every  old  practitioner  knows  this.  The  comparatively 
high  standing  of  attorneys  at  law  can  not  depend  on  success  at  the 
Bar,  for  every  cause  has  a  wrong  as  well  as  a  right  side,  and  it  follows 
that  lawyers,  as  a  body,  are  half  of  the  time  wrong  in  their  law  or 
their  pleadings  or  in  both.  What  would  be  said  if  engineers  could  be 
thus  indisputably  shown  to  be  wrong  in  half  of  all  their  professional 
judgments  and  works  ? 

The  comparatively  high  standing  of  the  legal  profession  before 
the  public  is,  therefore,  not  because  of  the  technical  accomplishment  of 
its  practitioners  nor  because  of  the  technical  activities  of  the  Bar 
Association,  which  is  the  greater  society  of  attorneys  at  law,  but  because 
they  collectively  constitute  a  profession  which  is,  under  dominance  of 
the  Bench,  united  in  upholding  professional  dignity  in  the  public  eye, 
and  this  carries  with  it  a  mutual  respect  and  forbearance  which  prevents 
such  underminings  of  reputation  and  standing  as  occur  among  engi- 
neers. 

And  substantially  the  same  may  be  said  with  respect  to  physicians. 
The  medical  profession  does  not  stand  high  before  the  public  because 
of  "the  activity  and  progress  of  its  technical  work"  as  evidenced  by 
the  doings  of  the  great  medical  societies.  But  it  does  stand  high  because 
of  the  "dignity  and  forcefulness  with  which  its  members  conduct  them- 
selves, as  cultivated  men  and  citizens,  -before  the  public." 

So  the  public  standing  of  a  great  society — engineering,  or  any 
other — does  not,  at  the  base  and  bottom,  depend  on  its  technical 
activities,  except  when  its  truest  foundation  of  strength  before  men  has 
been  sacrificed  or  never  laid  by  its  members.  By  and  large,  the  public 
does  not  care  a  rap  about  the  technical  accomplishment  of  the  members 
of  such  a  society,  or  the  technical  activities  of  those  combined  in  the 
society.  Look  at  the  high  standing  and  potent  influence  with  the 
public  of  societies  of  men  the  members  of  which  have  no  standing  based 
on  learned  accomplishment  or  skilled  practice,  no  notable  foundation 
to  rest  upon,  except  that  of  forceful,  broad-minded  men  taking  an 
active  and  helpfiil  interest  in  the  affairs  of  men. 

In  the  opinion  of  the  writer,  now  one  of  the  oldest  members  of 
the  Society  and  one  who  has  had  much  opportunity  for  observation  on 
the  points  of  this  particular  suhject,  Jolm  W.  Alvord,  M.  Am.  Soc. 
C.  E.,  put  his  finger  directly  on  the  seat  of  the  Profession's  and  the 
Society's  troubles  when  he  wrote  the  following,  which  I  transcribe  in 
order  that  I  may  with  better  understanding,  a£6x  a  supplement  to  it, 
taken  from  a  letter  by  this  writer  to  a  brother  member,  written  in 
1915.    Mr.  Alvord  wrote: 

"The  most  of  our  troubles  come  from  self-centered  narrowness,  and 
what  the  engineer  of  to-day  lacks  is  breadth  of  view,  less  envy  and 
jealousy,  and  more  interest  in  the  business  and  political  world     *     *     *. 
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We  begrudge  other  people  their  success.  We  begrudge  the  heads  of 
our  Society  their  notoriety,  and  we  tear  down  other  people's  reputations 
in  our  profession  altogether  too  freely.  We  should,  I  think,  pay 
particular  attention  to  those  members  of  our  profession  who  have  done 
good  work." 

And  here  I  add  my  supplement : 

"Public  recognition  of  high  attainment  of  one  engineer,  rightly 
taken,  constitutes  recognition  of  worthiness  in  the  whole  profession. 
If  you  pull  the  engineer  down  who  has  been  so  acclaimed,  you  pull  the 
pedestal  down  with  him,  and  there  are  no  climbing  facilities  for  the 
rest  of  us  and  no  high  place  fit  to  rest  on  when  we  get  there.  If  the 
young  civil  engineers  could  be  broiight  to  thoroughly  comprehend  the 
vital  bearing  of  this  on  their  futures,  there  would  be  a  profession 
established,  worth  practicing,  in  about  half  a  generation.  As  it  is — 
but  why  picture  the  situation?  You  know  what  it  is  in  this  regard,  as 
well  as  I  do." 

We  can  not  have  a  great  engineering  society  on  an  enduring  basis, 
without  a  sound  professional  body  on  which  to  rest  it.  We  can  not  have 
such  a  sound  body,  except  we  have  sound  parts,  to  compose  it.  In  the 
end,  the  public  will  be  the  judge,  and  the  great  body  of  engineers  must 
present  itself  for  judgment,  in  language,  so  to  speak,  which  the  public 
understands  and  appreciates,  and  not  in  terms  peculiar  to  the  "shop". 

The  public  will  not  rank  civil  engineers  high,  as  a  body,  if  civil 
engineers  do  not,  in  general,  show  that  they  recognize  and  accord  worth 
in  those  civil  engineers  with  whom  the  public  has  become  familiar. 
We  can  not  maintain  a  presentable  appearance  as  a  body,  before  the 
world,  so  long  as  considerable  numbers  of  the  more  active  part  of  our 
body  climb  out  upon  the  protuberances  from  the  body  and  saw  them  off 
close  to  the  trunk. 

Recently,  members  of  the  Bar  Association  of  California  made  a 
pilgrimage  in  large  numbers  to  the  home  of  an  aged  judge,  long  retired, 
but  formerly  prominent  as  a  lawyer  and  jurist  in  the  State,  just  to 
pay  their  respects  to  him  on  the  occasion  of  his  birthday.  The  partici- 
pants in  this  pilgrimage  were,  for"  the  most  part,  men  who  had  been 
the  youngsters  when  the  judge  was  on  the  Supreme  Bench,  or  men 
admitted  to  the  Bar  after  his  retirement.  All  were  eager  to  do  him 
honor,  though  few  were  acquainted  with  him,  simply  because  he 
exemplified  high  public  recognition  of  the  profession,  and,  notably,  had 
held  up  the  tone  of  the  profession  before  the  public.  Such  was  the  talk 
among  the  pilgrims.  In  this  case,  the  Bar  Association  honored  itself, 
in  public  estimation,  as  well  as  the  most  worthy  jurist.  Precedents  for 
the  action  were  cited  with  pride.  Has  anything  of  this  character 
ever  happened  among  engineers?  If  not,  perhaps  it  has  been 
because  no  engineer  has  attained  to  such  standing  for  a  like 
reason;    and,   if   this   be   so,    maybe    it   has    been   because   engineers, 
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in  practical  ways,  have  discouraged  their  fellows  from  climbing  on 
that  kind  of  a  ladder.  The  public  notices  such  happenings  as  that 
lawyers'  pilgrimage,  to  the  credit  of  those  participating. 

Eeferring  to  the  Committee's  report,  under  the  heading  "Member- 
ship", if  this  is  a  society  of  civil  engineers  what  is  the  object  of  having 
as  a  member  of  any  class,  under  any  name,  "a  person  who  by  scientific 
or  professional  attainment  has  qualified  himself  in  his  special  pursuit 
to  advise  and  co-operate  with  civil  engineers  in  the  advancement  of 
professional  knowledge  and  practice"  ?  Such  a  person  may  be  eminently 
well  qualified  as  a  lawyer,  doctor,  dentist,  veterinarian,  chemist,  botanist, 
entomologist,  astrologist,  arclifeologist,  or  other  "special  pursuit",  and 
may,  "by  scientific  and  professional  attainment",  have  fitted  himself 
"to  advise  and  co-operate  with  civil  engineers  in  the  advancement  of  pro- 
fessional knowledge  and  practice".  But  the  question  naturally  arises 
as  to  what  professional  knowledge  and  practice — that  of  his  own 
specialty,  or  that  of  civil  engineering?  If  the  latter,  the  clause  should 
so  state. 

But,  in  all  fairness  and  explicitness,  would  it  not  be  better  to  be 
entirely  frank  in  defining  the  qualification  of  those  eligible  as  Fellows, 
and  put  the  matter  as  follows: 

"Lawyers,  doctors,  dentists,  veterinarians,  chemists,  botanists,  ento- 
mologists, astrologists,  archaeologists,  and  those  following  other  special 
pursuits,  and  who  by  scientific  and  professional-  attainment  in  their 
specialties,  have  qualified  themselves  to  advise  and  co-operate  with  civil 
engineers  in  the  advancement  of  civil  engineering  professional  knowl- 
edge and  practice,  shall  be  eligible  as  Fellows  of  the  American  Society 
of  Civil  Engineers." 

True,  this  would  constitute  a  good  deal  of  an  acknowledgment  of 
weakness  and  inferiority  on  the  part  of  civil  engineers,  but  it  would 
have  the  merit  of  appearing  to  be  straightforward,  bold,  and  frank, 
which  merit  the  proposal  of  the  present  Committee  in  the  view  of 
the  writer,  does  not  have.  No  one  will  suppose,  of  course,  that  there 
has  been  any  thought  of  not  being  straightforward,  bold,  and  frank, 
but  the  intelligent  part  of  the  public  will  not  recognize  either  the 
immediate  or  the  ultimate  object  of  the  clause,  will  not  know  whether 
there  is  or  is  not  a  hidden  object. 

For  instance :  The  lavpyers,  doctors,  dentists,  etc.,  if  they  give  the 
matter  a  moment's  attention,  will  want  to  know  whether  they,  because 
of  accomplishment  in  their  specialties,  are  to  be  considered  as  qualified 
to  advise  and  co-operate  with  civil  engineers  in  the  advancement  of 
civil  engineering  professional  knowledge  and  practice ;  whether  civil 
engineers,  for  a  precisely  similar  reason,  may  not  consider  themselves 
qualified  to  advise  with  lawyers,  doctors,  dentists  in  the  advancement 
of  the  lavpyers',  doctors',  dentists',  professional  knowledge  and  practice? 
And,  if  this  be  not  so,  the  lawyers,  doctors,  dentists,  etc.,  will  question 
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why  that  clause  in  the  Constitution  of  the  American  Society  of  Civil 
Engineers?  To  get  in  contributing  members?  If  so,  why  was  not  the 
former  definition  of  Fellow  retained,  which  in  simple,  direct  language 
said:  "Fellows  shall  be  contributors  to  the  permanent  funds  of  the 
Society,  though  they  may  not  be  eligible  for  admission  as  corporate 
members"  ?  Or,  at  least  some  lawyers,  veterinarians,  and  entomologists 
will  think,  with  pride,  that  the  civil  engineers  really  need  their  co- 
operation and  advice  in  the  advancement  of  civil  engineering  knowl- 
edge and  practice,  and  be  frank  in  saying  so.  Or  again :  The  dentists, 
botanists,  and  astrologists  may  think  that  the  civil  engineers  are 
extending  to  them,  in  common  with  the  memberships  of  all  other  peoples 
of  professional  and  scientific  attainment,  an  invitation  to  join,  as 
Fellows,  in  a  crusade  for  the  advancement  of  professional  knowledge 
and  practice  of  all  kinds  and  descriptions. 

Exactly  the  same  question  might  be  raised  with  respect  to  "such 
persons  engaged  generally  in  commercial  pursuits  as  possess  engineering 
training  and  experience  qualifying  them  to  be  of  service  to  the  engi- 
neering profession".  Why  are  these  affiliates  ?  Does  the  Society 
actually  need  them?  And,  if  so,  for  what  reason?  Does  it  need  to 
absorb  into  its  body  all  who  have  color  of  special  ability  "to  be  of  service 
to  the  engineering  profession"  ?  For,  if  it  takes  in  one  person  so 
qualified,  it  should,  in  justice  and  reason,  take  all;  and  who  can  count 
them  in  the  world,  and  what  would  the  Society  be  with  them?  We  can 
not  burden  the  public  mind  with  all  these  distinctions  between  Members, 
Associate  Members,  Juniors,  Fellows,  Associates,  and  Affiliates.  Such 
degrees  and  variation  in  degrees  of  membership  are,  to  the  public, 
befogging,  and,  before  the  public,  tend  to  minimize  the  value  of  mem- 
bership in  the  American  Society  of  Civil  Engineers,  of  every  grade 
and  naming. 

The  presence  on  the  shelves  of  the  office  of  the  vice-president  and 
general  manager  of  the  Nutcracker  Manufacturing  Company  of  a  file 
of  the  Transactions  of  the  American  Society  of  Civil  Engineers, 
even  though  he  is  a  gentleman  "of  scientific  attainment  in  his  special 
pursuit,  qualifying  him  to  advise  and  co-operate  with  civil  engineers 
in  the  advancement  of  professional  knowledge  and  practice",  is  be- 
fogging to  far  the  greater  portion  of  the  intelligent  (and  wealthy) 
personages  who  are  privileged  to  enter  there.  They  know  that  the  gen- 
eral manager  is  not  an  engineer,  and  the  fact  of  his  special  qualifications 
to  advise  engineers  has  escaped  them. 

Fellowships  and  other  somewhat  similar  classes  of  memberships  of 
societies  originated  in  older  countries  where  and  when  scientific,  artistic 
and  most  professional  people  were  poor  and  dependent  on  the  patronage 
of  people  of  wealth  and  high  position;  and  in  making  such  people 
"fellows",  or  other  non-active  members  of  their  societies,  they 
were    bidding    for    patronage,    and    very    rightly    they    received    it. 
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It  was  all  natural  and  not  to  be  criticised  under  such  circumstances. 
The  circumstances  and  conditions  are  very  different  in  this  country, 
now.  A  great  society  such  as  this  Society  now  is  should  not  seek  to 
draw  into  its  fold  any  class  of  people  who  are  not  eligible  for  admission 
as  corporate  members,  or  who  do  not  enter  the  preparatory  or  waiting 
classification  of  Juniors — except  those  specially  distinguished  by  accom- 
plishment making  them  worthy  for  honorary  membership.  The  example 
of  the  great  associations  of  lawyers,  the  great  societies  of  the  medical 
profession,  should  prompt  civil  engineers  not  to  cheapen  their  National 
organizations  through  reaching  out  for  those  who  can  not  be  regarded 
other  than  as  patrons.  ' 

Is  it  a  fact  that  the  "so-ness"  of  the  technical  engineer's  lines  of 
thoxight  prevents  him  from  seeing  how  differently  many  things  per- 
taining to  his  profession  may  strike  people  not  of  it?  It  has  sometimes 
seemed  to  the  writer,  when  he  has  painstakingly  "climbed  over  the 
mountain  to  get  the  view  there",  that,  even  though  he  saw  only  "the 
other  side  of  the  mountain"  he  was  amply  repaid  for  his  labor,  by  realiz- 
ing that  in  all  things  very  much  depends  on  the  viewpoint— the  other 
fellow's  viewpoint.  If  civil  engineers,  as  individuals,  will  climb  over 
the  great  obstruction  which  blocks  their  advance  as  a  body,  and  join 
the  crowd  looking  at  the  other  side  of  it,  though  they  there  see  only 
"the  other  side  of  the  mountain",  they  will  generally  discover  that,  by 
being  more  of  psychologists  with  respect  to  the  public  mind  and  less  of 
technicians  with  regard  to  their  own,  they  can  locate,  construct  and 
operate  lines  for  advancement  on  easy  gradients  and  without  excess 
curvature,  either  over  or  around  the  obstruction  against  which  they 
have  butted  for  several  generations. 

But,  so  far  from  clearing  the  way  for  general  advancement  of  the 
engineering  profession  before  the  public,  there  are  now  rampant  cer- 
tain special  influences  pertaining  to  engineering  practice  which  are 
constantly  operating  to  heap  higher  the  obstructions. 

Why  are  municipal  boards  of  public  works  not  composed,  predom- 
inantly, at  least,  of  civil  engineers?  City  public  works  are  eminently 
civil  engineering  works,  and  the  authorities  charged  with  them  should 
in  the  public  and  the  taxpayers'  interest  be  composed  o£  civil  engineers, 
just  as  boards  of  health  are  made  up  of  doctors  of  medicine.  If  an 
appointing  power  named  to  a  board  of  health  a  hotel  keeper,  merchant, 
or  lawyer,  the  medical  profession  would  protest  in  formal  array,  and 
foremost  in  the  fight  against  the  appointment  would  be  the  physicians 
in  charge  of  the  hospitals  under  the  health  board,  with  the  plea  that 
their  efficiency  necessitated  supervision  by  their  profession,  exclu- 
sively. Not  so  with  civil  eilgineers.  A  city  engineer,  as  a  rule,  pri- 
vately if  not  openly,  resents  the  appointment  of  another  civil  engineer 
to  the  board  of  works  whose  technical  expert  and  executive  he  is  and, 
apparently,  for  the  reason  that  he  does  not  want  another  civil  engineer 
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to  be  in  position  to  act  as  a  check  upon  him.     This  attitude  is  destruc- 
tive of  the  public  standing  of  the  profession. 

True,  men  are  named  to  boards  of  public  works  chiefly  because  of 
political  or  other  influence,  to  the  exclusion  of  special  fitness;  but  this 
is  because  there  is  no  due  and  competent  representation  before  the 
public  and  the  appointing  power  of  the  fact  that  civil  engineers  are  the 
specially  competent  citizens  who,  in  the  public  and  the  taxpayers'  inter 
est,  should  be  selected  for  such  duties;  and  because  very  many  civil 
engineers  discourage  members  of  their  profession  from  putting  them- 
selves forward  for  such  preferments,  and  take  occasion,  privately,  to  say 
that  the  individual  who  does  it  is  not  much  of  an  engineer,  anyhow. 

Another  point:  Great  municipal  public  works,  whose  cost  runs 
into  many  millions,  are  designed  and  carried  out  by  city  engineers 
without  retaining  any  other  engineer  in  consultation.  As  a  rule,  so 
far  as  the  writer  has  observed,  the  city  engineer  fights  off  the  consulting 
engineer  proposition,  as  constituting  a  reflection  upon  his  abilities, 
or  he  tries  to  have  his  personal  friends  selected  for  the  consulting 
service.     This  is  all  wrong  and  damns  the  profession. 

The  executive  engineer  in  charge  of  public  works  should  welcome 
proposals  for  consultation,  exactly  as  the  doctor  of  medicine  and  the 
surgeon  does,  only  taking  care  that  reputable  and  able,  and  not  dis- 
reputable or  weak,  consultants  be  chosen.  That  is  a  most  potent  way 
to  build  up  the  profession  and  to  strengthen  and  even  to  save  individual 
reputations.  When  a  law  case  bids  fair  to  become  important  or  to  be 
tenaciously  fought,  the  original  attorneys  quickly  strengthen  their 
respective  sides  by  bringing  in  counsel — the  strongest  they  can  induce 
their  clients  to  pay  for.  When  a  medical  or  surgical  case  develops 
indications  of  a  serious  character,  the  physician  or  the  surgeon  promptly 
recommends  the  calling  of  a  diagnostician,  a  consultant,  or  a'  specialist, 
and  his  advice  prevails. 

City  attorneys  often  insist  on  employing  special  counsel  on  the 
city's  more  important  cases,  and  see  that  they  are  mighty  well  paid 
and  retained  as  long  as  there  is  need  for  them.  City  engineers,  as  a 
rule,  stave  off  employment  of  consultants  or  engineering  specialists  even 
on  their  most  iijiportant  works,  load  their  pay-rolls  with  comparatively 
small  and  unknown  men  who  bring  to  them,  perhaps,  much  university 
acquired- technical  knowledge,  but  little  of  the  wisdom  of  actual  experi- 
ence or  observation  of  experience  and  who  naturally,  before  the  public, 
can  not  uphold  them  and  establish  public  confidence.  When  an  engi- 
neer holds  a  prominent  public  post,  with  imiwrtant  design  or  construc- 
tion in  charge,  it  is  a  most  important  duty  to  see,  through  professional 
and  not  political  support,  that  he  is  understood  and  upheld  by  the  public 
— ^his  employer.  If  he  will  look  back  and  see  how  many  of  his  fellows 
have  run  on  rocks  and  been  wrecked,  and  have  dragged  dowA  their  local 
professionals  with  them,  by  over  self-confidence  and  grasping  jealousy, 
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he  will,  almost  certainly,  if  there  are  "no  strings  on  him",  call  in  others 
to  help  him,  and  not  merely  take  his. orders. 

But  perhaps  the  worst  sin,  in  the  line  of  professional  practice,  of 
which  civil  engineers  are  often  guilty,  to  their  profession's  grave  injury, 
is  that  of  secrecy  with  respect  to  their  works.  An  employer  is  of  course 
entitled  to  privacy  for  his  business,  but,  even  as  to  such  works,  a  vast 
and  helpful  fund  of  experiences  passes  on  into  oblivion  each  year, 
which  civil  engineers  would  be  at  entire  liberty  to  formulate  and  record 
for  the  benefit  of  their  profession.  While,  with  respect  to  public  utility 
works  and  distinctly  public  works,  the  vast  sea  of  nothingness  is  receiv- 
ing the  run-off  of  engineering  experiences  in  about  the  same  propor- 
tion the  seven  seas  of  earth  are  made  catch-alls  for  the  drainage  from 
the  continents  and  islands.  The  engineers  in  charge  seem  to  be  satis- 
fied to  let  it  go  so.  The  Profession  is  kept  poor  in  the  wisdom  which 
comes  with  experience,  as  well  as  poor  in  that  public  recognition  which 
a  right  exposition  of  such  wisdom  would  bring. 

A  specially  noxious  guilt  of  this  character  is  to  be  laid  at  the  doors 
of  many  city  engineers.  They  are  employed  by  the  local  public,  and 
their  employers  are  entitled  to  prompt  and  useful  accountings  for  the 
moneys  expended  by  their  plans  and  under  their  supervision;  and, 
moreover,  the  public  is  entitled  to  have  the  instructive  technical  and 
practical  exjDeriences  which  follow  construction  of  works,  so  formulated 
that  the  civil  engineering  profession  may  to  best  advantage  serve  it  in 
the  future.  But  city  engineers,  all  too  often,  render  no  such  accounting. 
On  the  contrary,  they  seem  to  look  upon  the  most  valuable  lessons  of 
their  works  as  a  sort  of  private  property ;  the  public  becomes  impatient, 
the  engineers  are  suspected  and  abused,  and  the  profession  is  inci- 
dentally, but  decisively,  "queered"  in  the  public  mind  and  woefully 
weakened  in  the  estimation  of  those  most  likely  to  be  employers  of 
engineers. 

Every  law  case  that  goes  through  the  Courts  is  as  an  open  book  to 
the  legal  profession;  and  the  Court  in  its  decision  tells  the  right  and 
wrong  of  it.  On  such  knowledge  the  profession  of  the  law,  in  this 
country,  is  for  the  most  part  built,  while  its  battles  and  their  lessons 
are  in  the  open.  And  just  so,  in  a  very  large  degree,  is  it  with  medicine 
and  surgery — the  hospitals  and  the  medical  or  surgical  colleges  and 
societies  gather  in  the  larger  and  more  important  parts  of  the  practi- 
tioners' experiences,  from  individuals  and  through  boards  of  health, 
and  promptly  put  it  before  the  profession.  The  literature  of  the  law  is 
voluminous  and  well  systemized,  not  only  in  the  official  Court  reports, 
but  in  many  specialized  textbooks.  In  a  lesser  degree,  perhaps,  the 
literature  of  medicine  and  surgery  is  systemized,  detailed,  and  thorough. 
By  comparison,  the  reports  and  digests  or  special  treatises  on  civil 
engineering  experiences  are  meager,  unsystemized  and  anything  but 
thorough.     A  profession  must  rest,  not  only  on  the  principles  of  its 
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basic  science,  but  on  digested  records  of  practice — experiences  in  the 
application  of  those  principles.  In  this  regard  the  civil  engineer  is 
woefully  handicapped.    Whose  fault  is  it  ? 

It  is  not  because  of  shortage  in  technical  learning  that  the  profes- 
sion suffers,  but  from  what  Mr.  Alvord  called — ''self  centered  narrow- 
ness", and  this  is  exemplified  not  alone  by  certain  kinds  of  conduct 
toward  each  other,  but  by  practitioners  hoarding  the  results  of  their 
experiences  for  no  practical  purposes  whatever.  He  who  would  more 
fully  realize  this  should  run  through  Transactions  with  a  list  of  the 
members  before  him,  and  see  what  records  most  of  the  men  of  largest 
practice  have  made  for  themselves.  As  for  the  military  engineers: 
Think  of  the  millions  on  millions  of  money  spent  under  their  direction, 
on  river  and  harbor  works,  with  practically  no  digested  reports  of 
technical  or  practical  outcome,  no  treatises,  no  useful  accounts  which  are 
really  available  for  the  libraries  of  members  of  the  profession,  or,  in  an 
easily  practical  way,  even  in  great  public  libraries. 

Concealment  of  public  works  experience  and  results  is  sometimes 
excused  on  grounds  of  public  policy.  In  such  matters,  how  can  it  be 
good  policy  to  keep  from  the  public  knowledge  which  it  has  paid  for? 
If  it  be  encouraging,  the  public  should  be  buoyed  up  by  it ;  if  discourag- 
ing, the  taxpayers  should  be  privileged  to  face  and  make  the  best  of  it 
at  once.  It  is  only  through  concealment  and  delay  that  real  injury 
can  be  inflicted  on  a  great  public  in  such  matters.  And  it  is  by  such 
concealment  and  delay  that  engineers  not  only  ruin  themselves,  but 
undermine  their  profession  in  public  estimation. 

There  is  just  now,  more  than  ever,  operative  another  potent  influence 
on  the  public  mind,  through  what  is  growing  to  be  a  custom  in  engi- 
neering practice,  to  the  serious  detriment  of  American  civil  engineers 
and  their  profession.  The  profession  is  worth  practicing  only  so  far 
as  the  public  and  employing  class  of  the  people  think  it  is  worth  employ- 
ing and  paying.  Anything  coming  from  engineers  themselves  which 
directly,  explicitly  or  by  comparison,  tends  to  depress  the  standing  of 
the  civil  engineer  in  public  estimation,  constitutes  a  distinct  injury  to 
the  profession.  For  some  years  past  and,  as  this  writer  observes  in  many 
instances  now,  university  professors  have  been  and  are  seeking  and 
obtaining  much  practice  as  civil  engineers,  and  holding  commissions  or 
appointments,  carrying  good  salaries,  from  States,  cities  and  other 
public  as  well  as  private  or  corporate  bodies,  and  even  from  bureaus 
of  the  general  Government,  while  yet  retaining  positions  and  emolu- 
ments in  the  faculties  of  their  universities. 

These  able  gentlemen  are  not  known  to  the  public  as  civil  engineers, 
but  as  "Professors".  This  large,  round,  and  learned-like  word  carries 
a  pregnant  meaning  to  most  people,  and  even  very  intelligent  and 
influential  men  of  the  classes  who  constantly  employ  engineers  are 
coming  to  look  upon  these  "Professors"   as  some  sort  of  super-engi- 
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neers  by  some  mysterious  process,  especially  experienced  as  well  as 
particularly  learned.  There  seems  to  be  an  impression  growing  that 
results  of  all  engineering  experiences  are  promptly  gathered  into  the 
universities,  and  there  correlated  or  digested,  and  only  there  is  the 
ripest  scientific  engineering  advice  to  be  had,  and  service  secured. 

The  writer  has  been  at  no  little  trouble  to  look  into  this  subject 
and,  having  been  for  years  past  out  of  engineering  practice,  can  not  be 
thought  to  have  personal  motive  when  he  declares  that  in  his  opinion, 
based  on  special  and  somewhat  wide  inquiry,  these  ''Professor"  civil 
engineers  are  doing  their  brother  engineers  and  their  profession  a  very 
great  injury.  He  knows  that  among  groups  of  men  with  money  for 
development  works,  and  men  who  are  directors  of  operative  companies, 
and  among  members  of  legislatures,  there  are  always  those  who  bring 
forward  the  "Professor"  as  the  man  to  be  employed  or  consulted,  in 
preference  to  the  plain  'civil  engineer — apparently  for  the  sole  reason 
that  he  is  a  university  professor  and,  presumably,  is  superior  to  the 
man  who  is  not.  The  writer  has  even  known  it  to  be  urged  that  a 
"Professor"  be  employed  because,  by  reason  of  his  university  pay  and 
facilities,  he  could  and  would  do  a  cheaper  as  well  as  a  better  job. 

The  "Professor"  in  his  capacity  of  professor  of  civil  engineering  or 
some  related  chair  in  the  university,  sends  out  into  the  professional 
world  each  year,  several  dozen  or  more  graduates  from  his  classes. 
These  young  engineers  look  to  him  for  advice  and  help,  which  they 
usually  get,  free,  and  if  there  is  a  chance  to  bring  in  a  consulting 
engineer  on  business  they  can  secure  or  influence,  the  "Professor"  gets 
the  fee;  and  he  not  infrequently  is  willing  to  take  a  small  one,  in  order 
to  get  the  business,  on  the  plea  that  he  thereby  secures  experience  and 
data  which  is  valuable  to  bring  before  his  classes,  and  his  classes  may 
learn  something  practical  by  helping  him.  Such  talk  is  widely  current 
among  civil  engineers,  and  the  writer  has  good  reason  to  believe  that 
it  is  well  founded. 

There  naturally  ensues,  of  course,  an  idea  on  the  part  of  university 
governing  bodies  that  salaries  of  $3  000  to  $4  000  or  $5  000  i)er  year  are 
sufficient  for  professors  of  engineering,  because  they  can  acquire  as 
much  more  by  private  practice  or  public  employments  outside  of  the 
university  and,  as  above  explained,  with  advantage  to  their  class  men 
and  the  university  service.  It  follows  that  professors  may  be  encouraged 
in  this  practice.  It  certainly  does  follow  that  young  university-made 
engineers  do  not  seem  to  be  started  into  professional  life  with  that 
respect  and  deference  for  those  who  have  built  up,  by  hard  work  and 
hard  knocks  suffered,  all  there  is  of  it,  which  is  absolutely  essential  to 
the  unity,  concord  and  team  work  necessary  to  uphold  the  profession 
before  the  public.  Surely  the  young  engineers  can  not  expect  to  take 
precedence.  The  public  never  heard  of  them.  There  is  a  new  batch 
coming  out  every  year. 
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This  condition  largely  results  from  the  fact  that  university  profes- 
sors of  engineering  are,  in  so  many  notable  cases,  practitioners  of  the 
profession,  before  the  public,  and,  instead  of  bringing  into  their  class 
rooms  the  notably  experienced  men  of  the  active  profession,  to  lecture 
or  informally  tell  of  works  and  the  lessons  of  practice — thus  at  once 
recognizing  merit  in  the  established  profession,  and  laying  the  founda- 
tion for  unity  and  good  understanding  between  its  active  members,  old 
and  young — they,  no  doubt  without  premeditation,  undermine  and  do 
much  to  render  barren  the  very  field  of  endeavor  they  are  qualifying 
their  youngsters  to  work  in.  If  civil  engineers  would  persistently  work 
as  a  body  before  legislative,  executive,  and  directing  authorities,  and 
finally  correct  this  abuse,  they  would  thereby  make  a  long  stride  toward 
better  permanent  conditions  for  their  profession — a  stride  which,  with 
several  others  of  like  character,  is,  in  the  opinion  of  the  writer,  abso- 
lutely necessary  for  the  attainment  of  the  goal. 

The  course  would  be  to  see  that  professors  of  engineering  are  suffi- 
ciently well  paid  to  render  wholly  unnecessary  their  having  any  other 
source  of  income.  This  would  set  a  higher  standard  of  pay  for  first- 
class  engineering  service,  would  keep  the  professors  out  of  the  civil 
practice  field,  and  should  not  be  so  much  of  a  burden  on  the  univer- 
sities because,  if  a  professor  devotes  all  of  his  time  to  his  university 
work,  manifestly  he  should  require  somewhat  less  expensive  assistance. 

This  writer  has  heard  a  member  of  a  university  governing  body 
state  that,  while  it  certainly  was  most  desirable  to  pay  professors,  in 
general,  full  living  salaries,  it  was  not  so  with  respect  to  professors  of 
engineering,  because  they  could  get  other  revenue  by  practicing  their 
calling  before  the  public,  and  could  bring  the  business  into  their  class 
rooms  to  the  great  benefit  of  their  undergraduates.  How  is  it  possi- 
ble to  uphold  the  civil  engineering  profession  before  the  public  in  the 
face  of  such  ideas  in  the  minds  of  those  who  most  directly  control  the 
situation,  and  which  ideas  seem  to  go,  year  after  year,  uncontroverted 
by  the  engineering  organizations  which  might  correct  them. 

When  the  Mayor  of  a  city,  the  Governor  of  a  State,  the  President 
of  the  United  States  or  any  of  his  cabinet  or  bureau  officers  reaches  out 
into  university  faculties  for  professors  to  employ  or  commission  to 
carry  out  engineering  works,  investigations  or  developments  provided 
for  by  law,  he  gives  notice  either  of  his  ignorance  of  this  situation — 
which  is  altogether  natural,  under  the  circumstances — or  of  his  willing- 
ness to  take  advantage  of  it  and  have  the  fact  proclaimed  to  the  public 
as  a  thing  greatly  to  his  credit,  that  he  has  secured  the  superior  services 
of  Professor  So-and-So  of  the  University  of  Blank,  for  the  important 
work.  That  he  has  snubbed  the  active  practitioners  of  the  engineering 
profession,  deprived  them  and  the  profession  of  a  measure  of  support 
to  which  they  are  entitled  and,  practically,  said  to  the  world  either  that 
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they  are  not  professionally  able,  or  personally  unworthy  of  his  consid- 
eration, never  seems  to  enter  his  brain. 

Who  is  to  blame  for  all  this?  Primarily,  not  the  Mayors,  nor  the 
Governors,  nor  the  Presidents,  nor  the  cabinet  officers,  who  do  the 
appointing,  but  the  body  of  civil  engineers,  who,  through  inaction, 
allow  such  misunderstandings  to  continue. 

Quite  a  number  of  years  ago,  in  a  certain  locality  on  the  Pacific 
Coast,  it  became  common  to  employ  a  crack  military  band  to  render 
the  music  at  civic  functions,  and  even  at  some  of  the  larger  private 
assemblages.  The  local  band  musicians'  organization  took  action,  and 
through  the  influence  of  a  Congressman  the  practice  was  promptly 
stopped,  on  orders  from  Washington.  At  a  still  earlier  period.  Army 
doctors  or  surgeons  were  practicing  medicine  largely  among  civilians 
in  the  neighborhood  of  their  posts  on  the  Pacific  Slope.  Local  physi- 
cians brought  the  matter  before  State  medical  societies,  and  these  car- 
ried it  to  the  proper  authorities  in  Washington;  and,  again,  this  abuse 
was  stopped.  Por  many  years  it  was  the  practice  of  ranking  members 
of  the  U.  S.  Engineer  Corps,  stationed  at  San  Francisco,  while  still  on 
active  duty,  to  practice  the  profession  in  civil  life,  and  they  were  get- 
ting much  of  the  cream  of  the  business.  One  civil  engineer,  who  him- 
self was  well  provided  with  work,  in  the  interest  of  fellow  engineers 
less  fortunate,  started  a  movement  to  have  the  military  engineers  kept 
within  the  traces  which  the  Army  regulations  contained.  A  number  of 
other  engineers  joined  him,  but  very  soon  backed  down,  and  several 
of  them  actually  joined  forces  with  the  enemy,  so  to  speak.  The  prac- 
tice went  on,  until  the  personnel  of  the  engineers  was  about  all  changed ; 
but  the  civil  engineer  told  the  story,  as  a  joke  on  himself,  in  Wash- 
ington— how  he  was  dumped  into  the  ditch  by  those  he  had  tried  to 
help.  The  then  Chief  of  Engineers  heard  of  the  incident,  enquired 
for  particulars,  and  later  sent  for  the  civil  engineer  and  showed  him  a 
copy  of  a  circular  letter  he  had  sent  out,  calling  attention  to  the  reg- 
ulation which  prohibited  Army  engineers  from  taking  any  outside  busi- 
ness, except  on  special  permission  and  approval  for  each  case. 

In  all  such  matters,  it  is  not  the  money  that  is  directly  lost  to  the 
civilian  practitioner,  and  gained  by  the  Army  engineer  or  the  professor- 
engineer,  which  most  counts.  It  is  the  moral  effect  on  the  public  mind, 
to  the  prejudice  of  the  civil  engineering  body.  The  glamour  of  the 
military  band  was  what  put  the  civilian  band  in  the  shade,  and  not 
the  superiority  of  the  music  made  by  it;  the  consequent  implanting 
of  the  idea  that  civilian  bands  were  inferior  to  military  bands,  con- 
stituted the  real  damage  and  justified  the  uproar  that  was  made  about 
the  matter.  And  so  it  was  the  dark-blue  undress  uniform  with  the 
military  insignia,  worn  by  the  Army  surgeons  in  those  days,  taken 
with  the  titles — Colonel,  Major,  or  Captain — by  which  they  were 
addressed,  that  eclipsed  the  civilian  doctors,  and  not  any  greater  sue- 
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cess  in  medical  practice  by  the  Army  men;  and  it  was  the  implied 
inferiority  of  the  civilian  doctors  which  -unavoidably  ensued  that  justi- 
fied their  protesting. 

In  the  same  way  it  is  the  belittling  of  the  civil  engineer  before  the 
public  and  with  employers  of  engineers  that  inevitably  follows  upon 
Army  engineers  in  active  service,  and  "Professor"  engineers  in  great 
universities,  practicing  in  the  civil  engineering  field,  which  does  the 
injury.  It  is  not  the  money  which  civil  engineers  fail  to  receive,  and 
which  "Professor"  engineers  and  military  engineers  do  get;  it  is  the 
false  ideas  with  which  the  public  and  many  employers  are  inoculated 
and  which  become  cultures  in  their  minds  that  operate  to  keep  the  civil 
engineer  on  a  comparatively  low  plane  as  a  professional  man. 

One  only  has  to  be  a  thoughtful  observer  of  the  manners  of  men 
amongst  men  to  note  the  significant  difference  between  the  receptions 
accorded  a  Colonel  of  the  Engineers,  U.  S.  A.,  and  any  local  civil 
engineer  of  first  rank  in  his  profession,  before  a  Chamber  of  Commerce ; 
or  the  equally  significant  difference  between  the  estimation  in  which 
a  "Professor"  engineer  and  an  unadorned  civil  engineer  is  held  by  a 
committee  of  the  Legislature;  and  the  difference  in  space  accorded  to 
the  Colonel  and  the  "Professor",  as  compared  to  that  given  the  plain 
civil  engineer,  in  news  columns.  These  phenomena  are  to  be  observed 
in  full  display  well  west  of  the  Atlantic  seaboard.  The  civil  engineer 
who  does  not  realize  their  deep  significance,  as  affecting  his  civic  stand- 
ing and  his  earning  capacity,  is  deficient  as  a  student  of  the  psychology 
of  the  crowd. 

And  still  again :  It  has  come  to  pass  that  the  United  States  Recla- 
mation Service  bureau  is  looked  to  by  about  all  of  arid  America  to 
supply  the  engineering  skill  and  brains  necessary  to  effect  water  con- 
servation, irrigation,  and  flood  prevention  in  that  vast  region,  whether 
the  works  are  to  be  paid  for  by  Government,  State,  or  private  funds; 
and,  consequently,  what  should  be  a  great  field  of  engineering  activity, 
worked  by  men  of  ripe  experience,  scarcely  exists  for  independent  prac- 
ticing civil  engineers. 

That  Governmental  action  in  water  conservation  and  irrigation  of 
public  arid  lands,  as  well  as  in  flood  prevention  and  in  investigating 
the  broad  physical  problems  of  the  arid  region  for  public  information 
and  benefit,  is  right  and  necessary,  goes  without  saying.  The  writer 
had  the  honor  of  being  the  first  engineer  in  America  to  start  sys- 
tematic work  and  propaganda  to  these  ends.  As  the  first  State  Engineer 
of  California,  he  conducted  one  of  the  two  first  State  irrigation  investi- 
gations; and  as  the  first  civil  engineer  called  by  the  Director  of  the 
TJ.  S.  Geological  Survey,  he  later  organized,  and  conducted  for  all  the 
region  west  of  the  Rocky  Mountains,  the  first  TJ.  S.  Irrigation  Investi- 
gation out  of  which  the  Reclamation  Service  has  since  grown. 
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Thus,  the  writer  was  the  first  to  promote  and,  later,  to  do  practical 
official  public  work  or  service  of  this  character,  in  a  large  way,  in  this 
country.  But  when  he  realizes  the  extent  to  which  bureaucratic  action 
in  these  matters  is  being  carried,  to  the  extinguishment,  apparently, 
of  the  civil  engineer  in  connection  with  large  arid  region  developments, 
except  as  he  is  an  employee  of  the  Governmental  bureau,  the  writer 
feels  that  the  matter  ought  to  be  brought  into  this  discussion  for  the 
good  of  the  profession.  This  tendency  simply  raises  the  question 
whether  the  civil  engineer  is  or  is  not  to  continue  existence  as  a  gen- 
eral professional  practitioner  of  any  importance  whatever,  in  a  large 
part  of  this  country. 

Just  where  the  line  limiting  bureaucratic  engineering  should  be 
drawn,  and  where  the  civil  engineer  may  begin  as  a  practitioner  in  a 
large  way,  is  perhaps  difficult  to  say;  but  that  line,  in  the  opinion  of 
this  writer,  should  not  be  where,  apparently,  it  is  now.  Nor  should  the 
bureau  engineers  be  embarrassed  by  having  the  task  of  drawing  the 
line  placed  solely  upon  them.  They  must,  necessarily,  be  embarrassed 
by  political,  local  and  private  insistence,  and  thus  need  help.  There- 
fore, if  the  task  assigned  to  the  Committee  on  Development  covers  the 
subject  of  the  good  of  the  Profession  as  well  as  the  good  of  the  Society, 
the  relation  between  bureaucratic  engineering  and  civil  engineering 
should  assuredly  be  dealt  with.  Within  a  few  years  it  will  be  of  over- 
shadowing importance. 

All  such  Governmental  and  State  bureaus  should  work  to  build  up 
and  to  strengthen  in  every  way,  and  not  to  supplant,  the  profession  in 
civil  life  which  they  represent  in  official  life.  Have  they  done  this? 
Do  they  do  it?  Will  they  do  it?  If  these  questions  are  not  to  be 
answered  positively  in  the  affirmative,  then  here  is  another  influence 
against  which  the  civil  engineering  profession  can  not  possibly  stand 
without  strenuous  and  decisive  action. 

If  the  principal  and  greater  part  of  the  lessons  of  civil  engineering 
practice  in  several  of  the  largest  fields  for  civil  engineering  expan- 
sion are  to  be  gathered  promptly  into  Government  bureaus  and  uni- 
versities and  thence  by  bureau  and  university  engineers  put  into  use 
afield,  after  the  apparent  manner  of  the  present,  it  can  not  be  possible 
that  civil  engineering,  as  a  free  profession,  can  attain  to  and  hold  a 
high  place. 

The  people  are  coming  to  look  to  Government  and  the  universities 
for  civil  engineering  guidance  and  service.  These  fields,  under  the 
influence  of  "pull",  will  be  gradually  extended.  The  engineer,  in  the 
eyes  of  the  public,  will  be  just  what  he  appears  to  be  within  the  bureau- 
cratic or  the  university  setting — a  more  or  less  cheap  employee,  without 
personal  business  ambition  or  the  possibility  of  advancement,  except  by 
•  permit  or  favor  from  above,  or  death  or  disability  of  his  ranking 
engineers.     The  value  of  the  outside  engineer  will  be  gauged  by  the 
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apparent  value  of  the  inside  engineer,  as  fixed  by  Government  or 
university.  The  fact  that  he  is  on  the  inside,  practically  has  almost 
a  life  position,  will  be  overlooked,  and  so  the  free  civil  engineer  will 
be  able  to  earn  for  each  of  six  to  eight  months  of  the  year  at  the  rate  per 
month  that  the  bureau  or  the  univeisity  engineer  receives  for  each  of 
twelve  months. 

The  only  apparent  preventive  for  this  sort  of  outcome  seems  to  be 
a  united  stand,  on  the  part  of  American  engineers  in  general,  and  a 
demand  that  the  technical  professions  shall  be  respected,  upheld,  and 
fostered,  by  university  and  Governmental  authorities — city.  State,  and 
Federal — rather  than  undermined,  as  now.  Engineers  should  take 
cognizance  of  the  different  treatment  accorded  lawyers  and  study  the 
reasons  for  it,  and  should  look  well  to  the  movements  for  self -protection 
which  are  in  progress  all  around  them. 

It  may  be  said  that  the  foregoing  constitutes  a  narrow  view  of  our 
problem,  that  civil  engineers  should  rise  above  such  considerations 
and  triumph  over  such  embarassments.  This  sort  of  argument  has  been 
advanced,  to  the  writer's  personal  knowledge,  for  near  half  a  centuiy; 
meanwhile,  civil  engineers  have  had  all  the  opportunity  that  there 
could  be  to  rise  and  to  triumph.  But  by  their  present  showing  and 
what  has  been  called  "unrest",  they  acknowledge  failure,  while  other 
professions  and  callings  of  professional  character,  by  heeding  precisely 
such  precepts  as  are  herein  written,  have  made  comparative  successes 
before  the  public,  and  are  not,  as  professions  or  learned  callings,  giving 
evidence  of  defeat  in  the  race  of  life,  as  are  engineers. 

Those  comparatively  few  civil  engineers  who  have  attained  to  what 
may  be  called  the  "Professor"  engineer  grade,  in  the  estimation  of 
great  employers  and  before  the  public,  and  others  prominent  in  the 
specialties  of  railroad  engineering,  and  the  like,  or  in  the  employ  of 
great  corporations  or  construction  companies,  wherefrom  the  "Pro- 
fessor", the  Military,  and  the  Bureau  engineers  are,  by  circumstances, 
debarred,  may  not  see  force  in  the  points  which  the  writer  tries  to 
present.  But  the  general  practitioner  in  middle  life  and  past,  if  he  is 
at  all  a  student  of  human  nature,  will  see  much  to  heed  in  them ;  and 
when  he  has  spent  years  in  retirement — so  to  speak,  "on  the  other  side  of 
the  mountain" — he  will  probably  agree  with  the  writer's  views,  heartily. 

For  the  good  of  the  profession,  and  consequent  strengthening  of  the 
American  Society  of  Civil  Engineers,  look  first  to  the  points  which 
affect  the  profession's  standing  with  the  public,  as  these  points  are  seen 
with  the  eyes  of  the  public. 

J.  P.  Hallihan,*  M.  Am.  Soc.  C.  E.  (by  letter).!— The  report  of  the 
Committee  on  Development  indicates  that  the  majority  of  the  members 
of  the  Committee,  and  (as  the  non-resident  members  of  the  Committee 
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were  in  the  majority)  a  majority  of  the  non-resident  members  of 
the  Society,  are  in  favor  of  an  extension  of  the  activities  of  the 
Society  to  the  end  that  it  may  wield  a  direct  influence  in  civic,  State, 
and  National  affairs. 

As  understood  by  the  writer,  it  is  proposed  to  accomplish  this  result 
by  an  extension  of  the  principle  of  the  Engineering  Council,  composed 
of  representatives  of  the  four  Founder  Societies,  to  all  local  associations 
of  engineers,  constituting  in  effect.  District  Committees  of  the  Council. 

The  writer  is  in  entire  sympathy  with  this  plan  and  has  no  doubt  that 
it  can  ultimately  be  worked  out  in  a  satisfactory  manner.  He  believes 
that  any  plan  that  brings  the  members  of  the  various  branches  of 
engineering  closer  together,  that  promotes  greater  interchange  of  thought 
and  in  particular  a  wider  personal  acquaintance,  will  greatly  benefit 
the  profession  as  a  whole.  Particularly  is  he  impressed  with  the 
proposal  to  convert  the  lower  floor  of  the  Engineering  Societies  Building 
into  a  reading  room  and  club  room,  where  a  visiting  member  or  guest 
may  be  made  to  feel  at  home. 

However,  in  carrying  out  these  clearly  sensible  ideas,  why  is  it 
necessary  to  disturb  the  technical  activities  of  the  Society  by  discon- 
tinuing the  semi-monthly  meetings  at  the  National  Headquarters  in 
New  York,  and  as  well  the  preparation  and  publication  of  the 
Proceedings?  The  membership  of  the  Society  now  totals  more  than 
9  000,  of  which  over  three-fourths  are  non-resident.  The  only  means 
these  members  have  of  keeping  in  touch  with  the  affairs  of  the  Society 
is  through  the  medium  of  the  Proceedings,  which  reaches  them  once  a 
month.  Few  of  these  may  be  contributors,  either  in  the  form  of 
original  papers  or  in  discussion,  but  the  large  majority  are  careful 
readers  of  both  papers  and  discussions,  and  apply  in  their  work  the 
principles  of  engineering  in  accord  with  the  best  thought  and  methods 
developed  in  the  forum  of  the  National  Headquarters. 

It  would  appear  unwise  to  change  this  situation  until  it  is  certain 
that  something  better  can  be  offered.  It  is  suggested  that  papers  be 
presented  for  discussion  to  the  local  sections  and  that  those  of  im- 
portance warranting  publication  be  published  in  Transactions  at  the 
end  of  the  year.  This  plan  would  restrict  the  audience  to  the  local 
section  until  the  publication  of  the  Transactions,  and  would  corre- 
spondingly reduce  the  value  and  interest  of  the  discussions.  In  this 
connection  it  may  be  noted  that  Proceedings,  being  of  a  convenient 
size,  is  carried  about  on  journeys  and  read.  Transactions  goes  into 
the  library  as  a  reference  book. 

It  is  doubtful  if  many  of  the  local  sections  will  see  their  way  clear 
to  financing  the  publication  of  papers  and  discussions.  Their  member- 
ship is  limited,  no  greater  percentage  of  it  is  active  than  is  the  case 
with  the  National  organization,  and  the  majority  of  the  non-resident 
members  of  the  Society  do  not  belong  to  local  associations.    Particularly 
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is  this  true  of  members  employed  in  foreign  work,  whose  number  may 
reasonably  be  expected  to  increase  if  American  bankers  follow  the 
British  policy  of  looking  after  their  foreign  investments. 

It  would  seem  to  be  much  safer  to  retain  the  present  method  of 
technical  activity,  extending  it,  however,  to  permit  the  presentation  of 
papers  to  the  local  section  simultaneously  with  their  offering  to  the 
Board  of  Direction. 

On  the  other  hand,  the  extension  of  social  features,  of  greater 
fraternization  among  the  members  of  the  various  branches  of  the  profes- 
sion to  the  end  that  they  may  speak  with  a  united  voice  in  civic  affairs, 
is  of  such  far-reaching  importance  that  it  merits  being  taken  up  as  a 
separate  activity.  By  itself,  as  a  movement  for  the  general  welfare  of 
engineers,  it  would  speedily  justify  all  the  help  the  Society  could 
offer,  and  a  reasonable  increase  in  dues  of  all  members  for  this  specific 
purpose  on  a  definite  programme  of  action  would  no  doubt  meet  with 
general  approval. 

J.  L.  Van  Ornum,*  M.  Am.  Soc.  C.  E.  (by  letter ).t— The  report  of 
the  Committee  on  Development  seems  to  the  writer  to  be  so  admirable 
in  its  general  provisions  that  only  the  best  of  reasons  would  justify 
dissent  from  any  of  its  conclusions.  His  conception  of  the  purpose  of 
student  societies  and  his  personal  experience  with  their  functionings, 
however,  constrain  him  to  protest  against  the  adoption  of  the  section, 
B-4,  entitled  "Student  Societies",  of  the  report  of  that  Committee. 

If  the  object  of  student  societies  was  mainly  that  of  hearing 
addresses,  the  writer  would  heartily  favor  the  recommendation;  but  he 
is  very  sure  that  this  benefit  constitutes  only  a  subordinate  portion 
of  the  field  of  service  that  such  a  society  offers  to  the  engineering 
student,  when  it  is  properly  organized.  A  student  society,  instead  of 
being  constituted  mainly  for  the  purpose  of  giving  its  members  the 
opportunity  to  learn  passively  what  they  may  from  addresses,  etc., 
may  and  should  serve  to  supplement  the  courses  of  instruction  in  a  much 
broader  and  more  effective  way  by  particularly  encouraging  their 
initiative,  judgment,  and  realization  of  personal  responsibility  for  their 
own  preparation  for  their  profession.  A  few  illustrations  will  render 
this  conception  more  definite. 

One  important  part  of  the  experiences  of  an  undergraduate  should 
be  his  personal  co-ordinating  of  the  class-room  training  with  practical 
engineering  work.  This  is  difficult  to  accomplish.  In  a  few  schools  of 
engineering  it  is  done  by  establishing  alternating  short  periods  of 
school  and  shop.  In  a  majority,  the  only  recourse  is  for  the  student 
to  engage  in  engineering  work  during  his  summer  vacation.  It  is  not 
easy,    generally,    to    induce    undergraduates    diligently    to    adopt    this 
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system;  but  when  the  student  society  itself  systematically  arranges  the 
programme  of  a  portion  of  its  meetings  to  hear  reports  from  its  own 
members  on  their  summer's  work,  and  then  to  discuss  and  criticize 
them,  there  results  an  appreciation  of  the  value  and  importance  of 
utilizing  in  this  way  all  their  available  time  that  is  very  real,  because 
it  is  evolved  from  their  own  growing  perception  of  its  indispensability. 

Another  need  is  that  students  should  have  training  in  speaking, 
so  that  they  may  present  their  conclusions  and  convictions  convinc- 
ingly. The  writer  believes  that  this,  also,  requires  the  student's  own 
recognition  of  its  importance  in  discipline.  In  many  engineering 
schools  argumentation  has  no  place  in  the  curriculum.  In  addition  to 
the  incitement  toward  this  object  by  the  procedure  outlined  in  the 
preceding  paragraph,  the  setting  apart  (periodically)  of  other  meetings 
of  the  student  society  to  hear  and  discuss  reports,  made  by  designated 
members  on  selected  articles  in  engineering  periodicals,  will  give 
additional  opportunity  for  this  kind  of  training. 

A  third  need,  which  requires  all  the  encouragement  possible,  is 
that  students  should  grow  to  realize  the  imix)rtance  of  constant  contact 
with  publications  "in  order  to  secure  a  large  fund  of  facts  with  which 
to  reason  eifectively",  etc.  The  plan  mentioned  in  the  last  paragraph 
greatly  aids  in  developing  this  habit. 

These  three  examples  illustrate  a  few  of  the  ways  in  which  untram- 
meled  student  societies  do  definitely  supplement  the  class  work  of  the 
schools  in  a  very  advantageous  way.  The  essential  feature  of  it  all  is 
that  its  vitality  and  effectiveness  depend  on  the  student's  own 
progressive  discernment  of  his  needs  and  the  consequent  encourage- 
ment of  individual  resourcefulness  to  supply  those  needs.  This  funda- 
mental advantage  is  taken  from  him  unless  a  majority  of  the  meetings' 
are  of  such  a  nature  that  he  is  given  the  opportunity  to  develop  his 
own  powers,  largely  by  his  own  efforts.  Certainly,  the  present  aspect 
of  engineering  education  displays  more  opportunity  for  giving  the 
student  information  from  above  than  it  does  in  encouraging  the  very 
significant  function  of  self -discipline. 

If  student  societies  ought  to  have  the  chance  to  develop  along  the 
lines  indicated,  they  must  be  differentiated  among  the  various  branches 
of  civil,  electrical,  mechanical,  mining,  chemical  engineering,  etc. 
Otherwise  the  student's  interests  and  enthusiasm  will  be  dissipated 
over  so  broad  a  field  that  they  will  become  so  very  tenuous  that  com- 
parative impotence  will  result.  If  mature  men  have  proved,  by  experi- 
ence, the  wisdom  of  having  both  National  and  local  engineering 
societies  divided  among  the  principal  branches,  how  much  greater  is  the 
need  of  a  similar  differentiation  for  student  societies  the  members  of 
which  are  yet  immature  in  all  those  qualities  that  are  essential  to  pre- 
vent "breadth"  degenerating  into  superficiality  or  dilettanteism. 


26         DISCUSSION  :  development  committee  EEPOET      [Society  Affairs. 

The  writer  greatly  hopes  that  the  Society  will  substitute  a  plan  favor- 
ing student  societies  in  each  of  the  principal  branches  of  engineering 
with  provision  for  joint  meetings,  at  intervals,  to  hear  addresses  and  other 
purposes  where  concerted  action  is  desirable.  This  character  of  organi- 
zation would  be  similar  to  that  of  the  National  Societies,  having  their 
individual  activities,  with  Engineering  Coxincil  (or  the  National  Engi- 
neering Organization  proposed  in  the  same  report  of  the  Committee 
on  Development)  to  represent  those  interests  common  to  all.  Incident- 
ally, such  action  would  bring  into  harmony  the  provisions  of  Section 
4  of  page  8  with  the  purport  of  Section  5  of  page  17  of  that  report 
(especially  as  elucidated  in  the  last  two  lines). 
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ITEMS     OF     INTEREST 


The  Committee  on  Publications  will  be  glad  to  receive  communis 
cations  of  general  interest  to  the  Society,  and  will  consider  them 
for  publication  in  Proceedings  in  "Items  of  Interest".  This  is  in= 
tended  to  cover  letters  or  suggestions  from  our  membership  covering 
matters  which  are  not  of  a  technical  character.  Such  communica= 
tions,  however,  must  not  be  controversial  or  commercial. 


NATIONAL   SERVICE  COMMITTEE  OF   ENGINEERING   COUNCIL 

In  response  to  frequent  expressions  of  need,  Engineering  Council 
announces  the  establishment  of  a  National  Legislative  and  Depart- 
mental Information  Service  for  engineers  in  all  branches  of  the  Pro- 
fession. Information  relative  to  engineering  statistics,  research,  and 
construction,  as  well  as  of  matters  before  Congress  involving  engineer- 
ing considerations,  will  be  furnished  without  charge  by  addressing  the 
National  Service  Committee,  M.  O.  Leighton,  Chairman,  502  McLachlen 
Building,  Washington,  D.  C.  The  National  Service  Committee  also 
announces  that  its  office  at  Washington  is  open  to  members  of  the 
Society  at  all  times,  and  that  accommodations  can  be  had  there  at  short 
notice  for  committee  meetings  of  the  Society,  or  of  any  organization 
in  which  the  Society  is  interested,  which  may  be  held  in  Washington. 

ACTIVITIES  OF  ENGINEERING  COUNCIL 
Registration  of  Engineers 

Because  of  widespread  and  persistent  interest  in  the  subject 
of  licensing  or  registering  engineers,  architects  and  surveyors.  Engi- 
neering Council,  at  its  meeting  of  October  25th,  1918,  authorized  the 
creation  of  a  committee  to  make  a  thorough  study  and  submit  a  report. 
Fifteen  engineers  from  all  parts  of  the  country  and  of  long  exj)erience 
in  the  various  branches  of  the  jDrofession  of  engineering  were  appointed 
as  members  of  this  committee,  as  follows:  T.  L.  Condron,  Chairman, 
Francis  C.  Shenehon,  Farley  Gannett,  John  H.  Dunlap,  Caleb  M. 
Saville,  A.  Lincoln  Fellows,  C.  H.  Snyder,  Bion  J.  Arnold,  John  W. 
Alvord,  and  J.  W.  Woermann,  of  the  Society,  and  A.  M.  Schoen, 
Arthur  M.  Greene,  Jr.,  James  H.  Herron,  John  Klorer,  and  Amos 
Slater. 

After  much  hard  work  extending  through  fourteen  months,  the 
committee  presented  a  report  to  Engineering  Council  at  its  meeting 
December  18th,  1919.  This  report  is  accompanied  by  a  ''Eecommended 
Uniform  Registration  Law,  to  regulate  the  practice  of  professional 
engineering,  architecture  and  land  surveying".  Council  voted  to  re- 
ceive this  report  and  to  give  it  immediately,  together  with  the  pro- 
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posed  law,  as  wide  publicity  as  could  be  secured  with  the  aid  of  the 
engineering  and  architectural  societies  and  the  technical  journals,  in 
order  that  the  members  of  these  professions  might  be  informed  and 
discussion  elicited  to  guide  Council  in  the  consideration  of  this  im- 
portant matter  at  its  meeting  in  February,  1920.  Engineering  Council 
has  as  yet  taken  no  action  upon  the  merits  of  the  question  of  the 
advisability  of  legislation  providing  for  the  registering  or  licensing  of 
practitioners  of  the  professions  named. 

Report  by  Committee  on  Licensing  Engineers,  December,  1919 

During  the  past  fourteen  months,  this  committee  has  had  under 
consideration  and  study  the  subject  of  the  licensing  or  registration  of 
engineers.  The  fifteen  members  of  the  committee,  as  appointed  by 
Council,  were  selected  from  thirteen  States,  viz.,  Connecticut,  New 
York,  Pennsylvania,  Ohio,  Georgia,  Louisiana,  Illinois,  Missouri,  Iowa, 
Minnesota,  Colorado,  California,  and  Washington,  and  therefore  rep- 
resent practically  all  sections  of  the  United  States,  as  well  as  mechani- 
cal, electrical,  mining,  hydraulic,  miuiicipal,  sanitary,  railway  and 
structural  engineering,  and  also  colleges  of  engineering. 

The  first  work  of  the  committee  was  to  investigate  the  general  sub- 
ject and  to  collect,  so  far  as  possible,  available  material  bearing  upon 
the  subject  in  hand,  including  opinions  from  many  engineers  as  to  the 
need  or  desirability  of  legislation,  as  well  as  copies  of  all  State  laws 
passed  and  proposed,  having  to  do  with  licensing  or  registration  of 
engineers,  architects  and  surveyors. 

This  preliminary  investigation  disclosed  that  very  pronounced 
views  were  held  by  engineers  throughout  the  country,  both  for  and 
against  State  licensing  or  registration.  The  general  sentiment  one 
year  ago  was  more  opposed  to  such  measures  than  it  is  to-day.  The 
older  members  of  the  profession  did  not,  as  a  rule,  favor  licensing  nor 
did  they  feel  there  was  need  for  State  regulation  of  engineering  prac- 
tice, while  among  the  younger  men  there  was  a  feeling  that  licensing 
or  registration  by  the  States  would  add  prestige  to  professional  engi- 
neers and  in  many  ways  benefit  the  profession,  as  well  as  individual 
engineers. 

The  advantages  claimed  for  State  licensing  or  registration  are  the 
same  as  those  presumably  gained  by  the  laws  regulating  the  professions 
of  law  and  medicine,  namely,  that  those  who  are  incompetent  and 
unqualified  professionally  to  practice  are  unable  to  obtain  certificates 
or  licenses  and  hence  both  the  public  and  the  profession  are  protected. 
On  the  other  hand,  those  engineers  who  have  already  attained  to  recog- 
nized professional  standing  feel  that  they  not  only  do  not  need  the 
benefits  claimed  for  such  legislation,  but  they  fear  that  State  licenses 
or  certificates  of  registration  are  apt  to  put  the  seal  of  State  endorse- 
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ment  on  men  who  do  not  deserve  it  and  that  the  public  would  assume 
that  a  licensed  or  resjistered  engineer  was  thereby  certified  by  the  State 
as  fully  qualified,  regardless  of  what  might  or  might  not  be  the  require- 
ments demanded  before  a  license  or  certificate  was  granted. 

However,  the  question  has  gone  beyond  the  stage  of  debate,  for 
already  nine  States*  have  enacted  laws  licensing  or  registering  engi- 
neers, and  other  States  are  certain  to  enact  similar  laws  during  the 
present  or  coming  sessions  of  their  Legislatures.  In  addition  to  these 
nine  laws  governing  engineering  practice,  there  are  at  least  six  States 
that  require  the  licensing  or  registration  of  land  surveyors  and  in  at 
least  eighteen  Statesf  laws  have  been  passed  licensing  or  registering 
architects.  Some  of  the  nine  laws  are  so  drawn  as  to  include  both 
engineers  and  surveyors  and  some  include  engineers  and  architects 
and  one  or  two  include  engineers,  architects  and  surveyors.  Moreover, 
these  laws  are  not  at  all  uniform,  and  in  several  instances  are  likely 
to  prove  seriously  embarrassing  and  annoying  to  engineers  whose  ac- 
tivities extend  beyond  the  limits  of  a  single  State.  Because  of  the 
nature  of  professional  engineering  work,  the  practice  of  an  engineer 
frequently  extends  over  several  States  and  therefore  it  is  vitally  im- 
portant if  there  are  to  be  State  regulations  for  engineering  practice, 
that  these  regulations  be  made  uniform  so  far  as  possible  and  that  the 
Engineering  Profession  unite  in  wisely  directing  such  legislation. 

As  stated,  laws  have  been  passed  in  seventeen  States  for  licensing 
or  registering  architects  and  the  American  Institute  of  Architects  has 
endorsed  and  advocated  such  legislation,  considering  that  both  the 
architects  and  the  general  public  are  benefited  thereby.  Unfortunately, 
some  of  the  laws  for  licensing  architects  have  been  so  drawn  as  seri- 
ously to  interfere  with  legitimate  engineering  practice  and  the  "model 
law"  proposed  and  advocated  by  the  American  Institute  of  Architects 
contains  definitions  of  "architecture"  and  "building"  which,  should 
such  laws  be  passed  and  enforced,  would  prevent  any  one  but  a  "regis- 
tered architect"  from  planning  or  supervising  the  construction  of  any 
structure  or  any  of  the  appurtenances  thereto;  consequently  under  this 
head  would  come  a  structure  having  simply  foundations  and  girders, 
whether  "with  or  without  appurtenances".  Under  this  model  law,  pro- 
posed by  the  American  Institute  of  Architects  no  one  but  a  registered 
architect  shall  prepare  plans  for  or  supervise  the  construction  of  a 
building,  and  a  "building"  is  thus  defined  in  Section  19 : 

"A  building  is  any  structure  consisting  of  foundations,  floors,  walls, 
columns,  girders,  and  roof,  or  a  combination  of  any  number  of  these 
parts,  with  or  without  other  parts  or  appurtenances." 

*  Colorado,  Florida,  Idaho,  Illinois,  Iowa,  Louisiana,  Michigan,  Oregon, 
and  Wyoming. 

t  California,  Colorado,  Florida,  Idaho,  Illinois,  Louisiana,  Michigan,  Montana, 
New  Jersey,  New  York,  North  Carolina,  North  Dakota,  Oregon,  Pennsylvania,  South 
Carolina,    Utah,    Washington,    and    Wisconsin. 
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Since  none  but  a  registered  architect  shall  have  the  right  to  design 
or  supervise  the  construction  of  any  structure,  or  any  appurtenance 
thereto,  this  matter  becomes  of  vital  importance  to  mechanical,  electri- 
cal, sanitary  and  mining  engineers,  as  well  as  to  structural  engineers. 

In  the  State  of  Illinois  a  similar  law  for  licensing  architects  was 
passed  several  years  ago,  the  rigid  enforcement  of  which  made  it 
necessary  for  engineers  to  unite  in  having  a  "structural  engineers' 
license  law"  passed  by  the  Legislature,  and  now  there  are  two  laws 
in  force  in  Illinois,  one  for  architects  and  the  other  for  structural 
engineers. 

In  some  States,  the  laws  enacted  and  proposed  are  intended  to 
regulate  the  practice  of  architecture,  while  in  the  other  States  laws 
have  been  enacted  the  purpose  of  which  is  simply  to  protect  the  term 
"architect",  but  not  intended  to  regulate  the  practice  of  architecture. 
In  Wisconsin  and  several  other  States  no  one  may  use  the  title  "archi- 
tect" without  first  obtaining  from  the  State  a  certificate  of  registration 
as  a  "registered  architect",  but  any  one  not  an  architect  may  prepare 
plans  and  supervise  construction  provided  he  does  not  style  himself  an 
"architect". 

Therefore  this  committee  at  its  meeting  of  October  13th,  1919, 
adopted  the  following  resolution,  which  was  carried  unanimously. 

"Motion:  The  following  is  the  sense  of  this  committee  relative  to 
the  desirability  of  a  law  licensing  or  registering  engineers: 

"Resolved:  The  enactment  of  legislation  to  provide  for  the  regis- 
tration of  professional  engineers  is  desirable  and  necessary.  Ten* 
States  have  already  enacted  such  legislation.  Laws  licensing  architects 
have  been  enacted  in  several  States  and  similar  laws  endorsed  by  the 
American  Institute  of  Architects,  are  pending  in  several  other  States, 
which,  if  enacted,  would  prohibit  engineers  from  continuing  their  cus- 
tomary and  recognized  practice." 

This  committee  has  made  a  very  careful  study  of  definitions  for 
"engineer",  "engineering",  "architect"  and  "architecture",  but  it  was 
found  that  any  definitions  for  engineering  would  be  so  general  as  to 
include  too  much,  or  too  specific  to  be  sufficiently  general,  or  too  vol- 
uminous to  be  suitable  to  incorporate  in  a  law.  Some  have  endeavored 
to  include  in  a  definition  of  "engineering  practice"  all  sorts  and  kinds 
of  construction  work,  but  engineering  includes  investigations  as  well 
as  plans  and  no  catalogue  can  well  be  prepared  sufficiently  detailed 
to  include  all  sorts  of  engineering  activities.  Several  definitions  are 
included  in  the  appendix  to  this  report,  and  it  will  be  seen  that  both 
engineering  and  architecture  are  broad  terms  involving  construction 
and  necessarily  there  can  be  no  sharply  drawn  distinction.  Architects 
in  the  broadest  sense  are  engineers  even  if  usually  architecture  is 
associated  with  ideas  of  artistic  or  decorative  features.  Architects  are 
*  Upon  later  information,  this  is  reduced  to  nine. 
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eligible  to  membership  in  the  American  Society  of  Civil  Engineers  and 
several  architects  are  members. 

The  only  basis  on  which  the  practice  of  any  profession  may  be 
subject  legally  to  State  regulation  is  "in  order  to  safeguard  life,  health 
and  property".  The  State  may  not  dictate  that  any  one  without  a 
particular  kind  of  artistic  talent  or  without  a  tenor  voice  may  practice 
engineering  or  architecture,  but  it  may  legally  require  that  no  one 
shall  practice  architecture  or  engineering  who  is  ignorant  of  the  effects 
of  loads  and  applied  forces  or  incapable  of  determining  the  stresses  in 
structures  due  to  loads  and  applied  forces  and  unable  properly  to  pro- 
portion materials  in  structures  safely  to  sustain  such  loads  and  forces. 

Land  surveying  does  not  involve  matters  that  would  ordinarily 
jeopardize  life  and  health,  but  property  rights  are  vitally  affected  by 
land  surveying,  and  many  States  have  deemed  it  essential  to  place 
restrictions  and  safeguards  about  the  practice  of  land  surveying.  Land 
surveying  is  associated  with  both  engineering  and  architectural  prac- 
tice. 

This  committee  has  therefore  deemed  it  advisable  and  to  the  best 
interests  of  all  concerned  to  include  in  one  law  provisions  for  the  regis- 
tration of  engineers,  architects  and  land  surveyors.  It  has  recognized 
that  the  practices  of  engineering  and  architecture  overlap  in  many 
instances,  especially  in  connection  with  the  larger  projects  of  modern 
structures,  where  many  branches  of  the  arts  and  sciences  are  com- 
bined, involving  architecture,  structural,  mechanical,  electrical,  sani- 
tary, and  other  lines  of  engineering. 

There  are  ample  reasons  why  architects  alone  should  judge  as  to 
the  qualifications  of  those  desiring  to  practice  architecture  and  why 
engineers  alone  should  pass  upon  the  qualifications  of  those  desiring 
to  practice  engineering.  Hence  a  bill  for  legislation  has  been  drafted 
by  the  committee  along  these  lines  and  it  is  confidently  hoped  that 
the  objections  expressed  by  the  American  Institute  of  Architects  against 
laws  which  might  provide  jointly  for  the  registration  of  engineers  and 
architects  will  be  overcome  by  the  terms  of  the  bill  herewith  submitted. 

In  fijxing  the  qualifications  for  registration  in  the  proposed  bill, 
these  have  been  purposely  made  high,  but  they  have  not  been  made 
unnecessarily  difficult  for  reasonably  competent  men  to  meet.  It  is 
not  intended  that  candidates  would  ordinarily  be  subjected  to  written 
examinations,  but  rather  that  the  board  of  registration  would  pass 
upon  the  sufficiency  of  the  professional  record  of  each  candidate. 
Minimum  qualifications  have  been  clearly  set  forth,  which  must  be  met. 
In  order  to  enable  the  board  to  pass  upon  candidates  fairly,  certain 
qualifications  are  specified  as  "prima  facie  evidence  of  fitness"  which 
(unless  other  facts  derogatory  to  a  candidate  are  also  in  evidence)  will 
permit  the  board  to  pass  the  candidate.  This  so-called  "prima  facie 
evidence"  is  not  required,  but  if  the  candidate  can  present  such  evi- 
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dence  his  application  is  the  more  readily  passed  upon.  For  instance, 
a  candidate  need  not  be  a  graduate  of  a  college  of  engineering  or 
architecture,  but  if  he  is,  it  is  to  his  advantage.  Likewise  a  candidate 
need  not  be  a  full  member  of  one  of  the  National  technical  societies 
or  institutes,  but  if  he  has  won  such  full  membership  it  is  greatly  to 
his  professional  advantage. 

In  the  preparation  of  this  bill  an  experienced  research  engineer, 
Capt.  Raymond  J.  Roark,  was  first  employed  to  assist  the  chairman, 
and  a  preliminary  draft  prepared,  based  upon  a  comprehensive  study 
of  all  the  data  and  existing  and  proposed  legislation  available.  This 
draft  was  then  discussed  and  revised  by  the  three  Chicago  members 
of  the  committee  and  the  Chicago  member  of  Council.  It  was  then 
sent  to  each  of  the  fifteen  members  of  the  committee  for  comments 
and  amendments.  After  these  communications  had  been  received 
by  the  chairman  and  had  all  been  collated,  a  meeting  of  the  entire 
committee  was  called  and  held  in  Chicago,  attended  by  eight  members, 
Messrs.  Arnold,  Dunlap,  Condron,  Shenehon,  Slater,  Snyder,  and 
Woermann,  and  Mr.  Loweth,  of  Engineering  Council. 

Fourteen  sessions  were  held  in  the  five  days,  with  a  stenographic 
reporter  present  and  all  of  the  communications,  as  well  as  additional 
data  gathered  by  the  chairman,  were  carefully  studied  and  a  complete 
revision  of  the  original  draft  was  made,  which  draft  met  the  unanimous 
approval  of  all  the  members  in  attendance.  This  later  draft  was  care- 
fully edited  and  sent  to  the  entire  committee  for  approval  or  amend- 
ment, subject  to  a  final  editing  by  the  chairman  and  Mr.  Shenehon. 

The  committee  unanimously  approved  the  bill  as  sent  out,  with 
minor  suggestions  for  guidance  in  the  final  editing.  This  editing  is 
now  completed  and  the  bill  is  submitted  to  Council  with  this  report 
and  with  the  recommendation  that  Coiincil  approve  and  endorse  the 
same  as  a  bill  for  an  act  of  legislation  in  each  and  every  State,  for  the 
regulation  of  the  practice  of  engineering,  architecture  and  land  sur- 
veying.    The  bill,  as  tentatively  proposed,  is  as  follows: 

Recommended  Uniform  Registration  Law 

Title. — An  Act  to  regulate  the  practice  of  professional  engineering, 
architecture  and  land  surveying. 

[Note:  (a).  In  certain  States  further  amplification  of  title  may  be 
required  by  law;  (&)  The  brief  terms  "professional 
engineering",  "architecture"  and  "land  surveying" 
give  simpler  and  clearer  understanding  of  the  activ- 
ities affected  by  this  act  than  any  definition — Such 
definitions  as  have  been  devised  have  proven  academic, 
difficult  of  proper  inclusion  and  exclusion,  confusing, 
laborious  and  frequently  of  great  length;  (c)  Archi- 
tectural work  is  basicly  engineering,  with  an  aestlietic 
element  added.    The  architect  is  of  nearer  kin  to  the 
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structural  engineer  than  is  the  electrical  engineer. 
The  model  architectural  definition  of  a  building  is 
that  of  an  engineering  structure.  Architects  form 
part  of  the  membership  of  the  American  Society  of 
Civil  Engineers.  Laws  for  the  registration  of  archi- 
tects and  engineers  must  be  either  in  parallel  or  in 
common.  Assumingtthe  best  interests  of  each  to  lie 
in  co-operation,  and  having  in  mind  economical  ad- 
ministration of  a  law,  both  are  included  in  this  act. 
Surveying  is  a  function  of  engineering,  but  land  sur- 
veying deals  with  land  measurements  involving 
property  rights.] 

The  People  of  the  State  of  enact : 

Section  1. — In  order  to  safeguard  life,  health  and  property,  any 
person  practicing  or  offering  to  practice  professional  engineering, 
architecture  or  land  surveying  in  this  State  shall  hereafter  be  required 
to  submit  evidence  that  he  or  she  is  qualified  so  to  practice,  and  shall 

be  registered  as  hereinafter  provided,  and  from  and  after 

months  after  this  Act  becomes  effective,  it  shall  be  unlawful  for  any 
person  to  practice  or  to  offer  to  practice  professional  engineering, 
architecture  or  land  surv^eying  in  this  State,  unless  such  person  has 
been  duly  registered  under  the  provisions  of  this  Act. 

[Note:  {d),  The  constitutionality  of  this  law  is  based  on  its  pro- 
moting the  public  welfare  by  safeguarding  life,  health 
and  property.] 

Section  2. — Nothing  in  this  Act  shall  be  construed  as  requiring 
registration  for  the  purpose  of  practicing  professional  engineering, 
architecture  or  land  surveying  by  an  individual,  firm  or  corporation 
on  property  owned  or  leased  by  said  individual,  firm  or  corporation 
unless  the  same  involves  the  public  safety  or  health. 

[Note:  (e).  Obviously  no  modern  agriculturist  should  be  prohibited 
from  laying  out  and  building  the  ditches  or  roads  on 
his  farm,  or  planning  and  building  his  own  barn.] 

Appointment  of  the  BoARn 

Section  S. — To  carry  out  the  provisions  of  this  Act  there  is  hereby 
created  a  State  Board  of  Registration  for  professional  engineers,  archi- 
tects and  land  surveyors,  hereinafter  called  the  "Board",  consisting  of 
seven  members,  who  shall  be  appointed  by  the  Governor  within  sixty 
days  after  this  Act  becomes  effective.  At  least  three  members  shall  be 
professional  engineers,  and  at  least  three  members  shall  be  architects. 
Not  more  than  one  member  of  said  Board  shall  be  from  the  same 
branch  of  the  profession  of  engineering.  The  members  of  the  first 
Board  shall  be  appointed  to  serve  for  the  following  terms :  Two  members 
for  one  year;  two  members  for  two  years;  two  members  for  three  years. 
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and  one  member  for  four  years;  said  terms  ending  on  the  first  day  of 

of  the  succeeding  years.     On  the  expiration  of  each  of 

sfiid  terms  the  term  of  office  of  each  newly  appointed  or  reappointed 
member  of  the  Board  shall  be  for  a  period  of  four  years  and  shall  ter- 
minate on  the  first  day  of Each  member  shall  hold  over 

after  the  expiration  of  his  term  -until  the  successor  shall  be  duly  ap- 
pointed and  qualified.  The  Governor  may  remove  any  member  of  the 
Board  for  misconduct,  incompetency  or  neglect  of  duty.  Vacancies  in 
the  membership  of  the  Board,  however  created,  shall  be  filled  by  appoint- 
ment by  the  Governor  for  the  unexpired  term. 

Qualifications  and  Expenses 

Section  J/.. — Each  member  of  the  Board  shall  be  a  citizen  of  the 
United  States  and  a  resident  of  this  State  at  the  time  of  his  appoint- 
ment. He  shall  have  been  engaged  in  the  practice  of  his  profession  for 
at  least  ten  years  and  shall  have  been  in  responsible  charge  of  work  for 
at  least  five  years.  He  shall  be  a  member  in  good  standing  of  a  recog- 
nized society  of  professional  engineers  or  architects,  and  except  as  pro- 
vided in   Section   5,   shall  be  a  registered  professional  engineer  or  a 

registered  architect.    Each  member  of  the  Board  shall  receive 

dollars  ($ )  per  day  for  attending  sessions  of  the  Board  or  of 

its  committees,  and  for  the  time  spent  in  necessary  travel,  and,  in  addi- 
tion, shall  be  reimbursed  for  all  necessary  traveling,  incidental  and 
clerical  expenses  incurred  in  carrying  out  the  provisions  of  this  Act. 

[Note:  (/),  The  per  diem  allowance  of  each  member  of  the  Board 
is  not  expected  to  be  adequate  compensation.  High- 
grade  professional  men  are  expected  to  serve  as  a 
matter  of  good  citizenship.] 

Certificates,  Privileges  and  Powers  of  the  Board 

Section  5. — Each  member  of  the  Board  shall  receive  a  certificate  of 
appointment  from  the  Governor,  and  before  beginning  his  term  of  office 
he  shall  file  with  the  Secretary  of  State  the  constitutional  oath  of 
office.  Each  member  of  the  Board  first  created  shall  receive  a  certifi- 
cate of  registration  under  this  Act  from  the  Governor  of  this  State. 
The  Board  or  any  committee  thereof  shall  be  entitled  to  the  services 
of  the  Attorney  General,  in  connection  with  the  affairs  of  the  Board, 
and  the  Board  shall  have  power  to  compel  the  attendance  of  witnesses, 
may  administer  oaths  and  may  take  testimony  and  proofs  concerning 
all  matters  within  its  jurisdiction.  The  Board  shall  adopt  and  have  an 
official  seal  which  shall  be  affixed  to  all  certificates  of  registration 
granted;  and  shall  make  all  by-laws  and  rules  not  inconsistent  with 
law  needed  in  performing  its  duty.  Suitable  office  quarters  shall  be 
provided  by  the  State  for  the  use  of  the  Board  in  the  City  of 
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Organization  and  Meetings  of  the  Board 
Section  6. — The  Board  shall  hold  a  meeting  within  thirty  days  after 
its  members  are  first  appointed,  and  thereafter  shall  hold  at  least  two 
regular  meetings  each  year.  Special  meetings  shall  be  held  at  such 
times  as  the  by-laws  of  the  Board  may  provide.  Notice  of  all  meet- 
ings shall  be  given  in  such  manner  as  the  by-laws  may  provide.  The 
Board  shall  elect  annually  from  its  members  a  chairman,  a  vice-chair- 
man and  a  secretary.  A  quorum  of  the  Board  shall  consist  of  not  less 
than  two  engineer  and  two  architect  members. 

Receipts  and  Disbursements 
Section  7.— The  secretary  of  the  Board  shall  receive  and  account 
for  all  moneys  derived  from  the  operation  of  this  Act  and  shall  pay 
them  to  the  State  Treasurer,  who  shall  keep  such  moneys  in  a  separate 
fund  to  be  known  as  the  "Fund  of  the  Board  of  Registration  for 
Professional  Engineers,  Architects  and  Land  Surveyors",  which  fund 
shall  be  continued  from  year  to  year  and  shall  be  drawn  against  only 
for  the  purpose  of  this  Act  as  herein  provided.  All  expenses  certified 
by  the  Board  as  properly  and  necessarily  incurred  in  the  discharge  of 
its  duties,  including  authorized  compensations,  shall  be  paid  out  of 
said  fund  on  the  warrant  of  the  Auditor  of  the  State  issued  on  requisi- 
tions signed  by  the  chairman  and  the  secretary  of  the  Board ;  provided, 
however,  that  at  no  time  after  this  Act  has  been  in  effect  for  one  year 
shall  the  total  of  warrants  issued  exceed  the  total  amount  of  funds 
accumulated  under  this  Act.  The  secretary  of  the  Board  shall  give  a 
surety  bond  satisfactory  to  the  State  Treasurer  conditioned  upon  the 
faithful  performance  of  his  duties.  The  premium  on  said  bond  shall 
be  regarded  as  a  proi^er  and  necessary  expense  of  the  Board. 

[Note:  ig),  The  administration  of  the  law  is  made  ultimately  self- 
supporting.  The  Legislature  is  not  expected  to  appro- 
priate money  to  accomplish  the  results  contemplated.] 

Records  and  Reports 
Section  8. — The  Board  shall  keep  a  record  of  its  proceedings  and 
a  register  of  all  applicants  for  registration  showing  for  each,  the  date 
of  application,  name,  age,  educational  and  other  qualifications,  place 
of  business  and  place  of  residence,  whether  or  not  an  examination  was 
required  and  whether  the  applicant  was  rejected,  or  a  certificate  of  reg- 
istration granted,  and  the  date  of  such  action.  The  books  and  register 
of  the  Board  shall  be  prima  facie  evidence  of  all  matters  recorded 
therein.  A  roster  showing  the  names  and  places  of  business  and  of 
residence  of  all  registered  professional  engineers,  architects  and  land 
surveyors  shall  be  prepared  by  the  secretary  of  the  Board  during  the 
month  of of  each  year ;  such  roster  shall  be  printed  by  the 
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State  out  of  the  fund  of  the  Board  as  provided  in  Section  7,  and  a 
copy  mailed  to  and  placed  on  file  by  the  clerk  of  each  incorporated  city, 

town  and  county  in  the  State.     On  or  before  the day  of 

of  each  year  the  Board  shall  submit  to  the  Governor  a  report  of  its 
transactions  for  the  preceding  year,  and  shall  file  with  the  Secretary 
of  State  a  copy  of  such  report  together  with  a  complete  statement  of 
the  receipts  and  expenditures  of  the  Board,  attested  by  the  affidavits 
of  the  chairman  and  the  secretary,  and  a  copy  of  the  said  roster  of  reg- 
istered professional  engineers,  registered  architects  and  registered  land 
surveyors. 

Applications  for  and  Issuance  of  Certificates 
Section  9. — The  Board  shall,  on  application  therefor,  on  prescribed 

form  and  the  payment  of  a  fee  of dollars  ($ ),  issue 

a  certificate  of  registration: 

[Note:  (h),  The  application  required  should  include  a  complete 
statement  of  an  applicant's  education  and  a  detailed 
summary  of  his  technical  work.  The  statements  made 
should  be  under  oath,  and  should  be  supported  by  the 
recommendations  of  not  less  than  two  professional 
engineers,  architects  or  land  surveyors  as  vouchers.] 

1. — To  any  person  who  submits  evidence  satisfactory  to  the  Board 
that  he  or  she  is  fully  qualified  to  iDractice  professional  engineering, 
architecture  or  land  surveying;  or 

2. — To  any  person  who  holds  a  like  unexpired  certificate  of  regis- 
tration issued  to  him  or  her  by  proper  authority  in  any  State  or  terri- 
tory of  the  United  States,  or  in  any  province  of  Canada,  in  which  the 
requirements  for  the  registration  of  professional  engineers,  architects 
or  land  surveyors  are  of  a  standard  satisfactory  to  the  Board; 

Provided,  however,  that  no  person  shall  be  eligible  for  registration 
who  is  under  twenty-five  years  of  age,  who  is  not  a  citizen  of  the 
United  States  or  Canada,  or  who  has  not  made  declaration  of  his  or  her 
intention  to  become  a  citizen  of  the  United  States,  who  does  not  speak 
and  write  the  English  language,  who  is  not  of  good  character  and 
repute,  and  who  has  not  been  actively  engaged  for  six  or  more  years 
in  the  practice  of  professional  engineering,  architecture  or  land  sur- 
veying of  character  satisfactory  to  the  Board.  However,  each  year  of 
teaching,  or  of  study  satisfactorily  completed,  of  engineering  or  archi- 
tecture in  a  school  of  engineering  or  architecture  of  standing  satis- 
factory to  the  Board,  shall  be  considered  as  equivalent  to  one  year  of 
such  active  practice. 

[Note:  (i).  The  functions  of  the  Board  are  largely  administrative 
and  judicial.  The  burden  of  presenting  evidence  of 
qualification  is  placed  upon  the  applicant.  The 
Board  may  in  doubtful  cases  give  technical  examina- 
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tions ;  but  the  clear  intent  is  to  utilize  other  State 
agencies,  as  for  instance  the  Engineering  or  Archi- 
tectural schools,  to  submit  as  evidence  the  results  of 
examinations,  with  recommendations  as  to  com- 
petency.] 

Unless  disqualifying  evidence  be  before  the  Board,  the  following 
facts  established  in  the  application  shall  be  regarded  as  prima  facie 
"evidence,  satisfactory  to  the  Board",  that  the  applicant  is  fully  qualified 
to  practice  professional  engineering,  architecture  or  land  surveying: 

[E'ote:  (i).  When  the  law  goes  into  effect  a  large  percentage  of 
practicing  engineers,  architects  and  land  surveyors 
will  be  registered  to  preserve  the  status  quo.  Long- 
continued  practice,  graduation  from  a  technical 
school  of  approved  standing  with  subsequent  years 
of  practice,  or  membership  in  high-grade  technical 
societies,  in  the  absence  of  disqualifying  facts,  is 
accepted  as  prima  facie  evidence  of  qualification,  as 
stated  below.] 

(a)  Ten  or  more  years  of  active  engagement  in  professional  engi- 
neering, architectural  or  land  surveying  work; 

(&)  Graduation,  after  a  course  of  not  less  than  four  years,  in 
engineering  or  architecture,  from  a  school  or  college  approved  by  the 
Board  as  of  satisfactory  standing,  and  an  additional  four  years  of 
active  engagements  in  professional  engineering,  architecture  or  land 
surveying  work; 

(c)  Full  membership  in  the  American  Institute  of  Architects, 
American  Society  of  Civil  Engineers,  American  Institute  of  Chemical 
Engineers,  American  Institute  of  Electrical  Engineers,  American 
Society  of  Mechanical  Engineers,  American  Institute  of  Mining  and 
Metallurgical  Engineers,  American  Society  of  Naval  Architects  and 
Marine  Engineers,  or  such  other  National  or  State  engineering  or 
architectural  societies  as  may  be  approved  by  the  Board,  the  require- 
ments for  full  membership  of  which  are  not  lower  than  the  require- 
ments for  full  membership  in  the  professional  societies  or  institutes 
named  above. 

Applicants  for  registration,  in  cases  where  the  evidence  originally 
presented  in  the  application  does  not  appear  to  the  Board  conclusive 
or  warranting  the  issuance  of  a  certificate,  may  present  further  evi- 
dence which  may  include  the  results  of  a  required  examination,  for  the 
consideration  of  the  Board. 

[Note:  (k),  The  standard  of  qualification  is  set  high  for  two  reasons: 
The  public  welfare  will  be  better  promoted  by  ma- 
turer  competency;  and  the  prestige  attaching  to  the 
term   "Registered"   will  be   more   significant  for   the 
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professional  men  themselves.  In  requiring  the 
younger,  less  experienced  men  to  serve  somewhat 
longer  as  assistants  or  understudies  to  older  men,  no 
hardship  is  imposed  which  will  not  be  compensated 
by  the  fuller  return  in  recognition  when  registration 
is  achieved.] 

In  determining  the  qualifications  of  applicants  for  registration  as 
architects,  a  majority  vote  of  the  architect  members  of  the  Board  only, 
shall  be  required;  and  in  determining  the  qualifications  of  applicants 
for  registration  as  professional  engineers  or  land  surveyors,  a  majority 
vote  of  the  engineer  members  of  the  Board  only,  shall  be  required. 

[Note:  (I),  The  acceptance  for  registration  of  engineers  by  the  en- 
gineers on  the  Board,  and  of  architects  by  the  archi- 
tects on  the  Board,  places  the  judicial  finding  of  fitness 
or  unfitness  in  the  hands  of  those  best  qualified  to 
judge.  In  administrative  matters  and  in  the  revoca- 
tion of  certificates,  the  Board  acts  as  a  unit.] 

In  case  the  Board  denies  the  issuance  of  a  certificate  to  an  appli- 
cant, the  registration  fee  deposited  shall  be  returned  by  the  Board  to 
the  applicant. 

Certificates  of  registration  shall  expire  on  the  last  day  of  the  month 

of following  their  issue  or  renewal  and  shall  become 

invalid  on  that  date  unless  renewed.  It  shall  be  the  duty  of  the 
secretary  of  the  Board  to  notify  by  mail  every  person  registered  here- 
under of  the  date  of  the  expiration  of  his  certificate  and  the  amount 
of  the  fee  required  for  its  renewal  for  one  year;  such  notice  shall  be 
mailed  at  least  one  month  in  advance  of  the  date  of  the  expiration  of 
said   certificate.     Renewal  may   be   effected  at  any  time  during  the 

month  of  by  the  payment  of  a  fee  of dollars 

to  the  secretary  of  the  Board.    The  failure  on  the  part  of  any  registrant 

to  renew  his  certificate  annually  in  the  month  of as  required 

above  shall  not  deprive  such  person  of  the  right  of  renewal  thereafter, 
but  the  fee  to  be  paid  for  the  renewal  of  a  certificate  after  the  month 

of shall  be  increased   10%  for  each  month  or  a  fraction 

of  a  month  that  payment  for  renewal  is  delayed;  provided,  however, 
that  the  maximum  fee  for  a  delayed  renewal  shall  not  exceed  twice 
the  normal  fee. 

[Note:  (m).  The  amount  of  the  fee  to  be  paid  by  a  registrant  must 
be  established  by  each  State  in  the  light  of  the  num- 
ber of  fees  to  be  expected,  and  the  cost  of  adminis- 
tration.] 

Revocation  and  Reissue  of  Certificates 

Section  10. — The  Board  shall  have  the  power  to  revoke  the  certifi- 
cate of  registration   of   any  professional   engineer,   architect   or   land 
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surveyor  registered  hereunder  who  is  found  guilty  of  any  fraud  or 
deceit  in  obtaining  a  certificate  of  registration  or  of  gross  negligence, 
incompetency  or  misconduct  in  the  practice  of  professional  engineering, 
architecture  or  land  surveying.  Any  person  may  prefer  charges  of  such 
fraud,  deceit,  negligence,  incompetency  or  misconduct  against  any 
professional  engineer,  architect  or  land  surveyor  registered  hereunder; 
such  charges  shall  be  in  writing  and  sworn  to  by  the  complainant  and 
submitted  to  the  Board.  Such  charges,  unless  dismissed  without  hear- 
ing by  the  Board  as  unfounded  or  trivial,  shall  be  heard  and  determined 
by  the  Board  within  three  months  after  the  date  on  which  they  are 
preferred.  A  time  and  place  for  such  hearing  shall  be  fixed  by  the 
Board.  A  copy  of  the  charges,  together  with  a  notice  of  the  time  and 
place  of  hearing  shall  be  legally  served  on  the  accused  at  least  thirty 
days  before  the  date  fixed  for  the  hearing,  and  in  the  event  that  such 
service  cannot  be  effected  thirty  days  before  such  hearing,  then  the 
date  of  hearing  and  determination  shall  be  postponed  as  may  be  neces- 
sary to  permit  the  carrying  out  of  this  condition.  At  said  hearing 
the  accused  shall  have  the  right  to  appear  personally  and  by  counsel 
and  to  cross-examine  witnesses  against  him  or  her  and  to  produce 
evidence  and  witnesses  in  his  or  her  defense.  If  after  said  hearing 
five  or  more  members  of  the  Board  vote  in  favor  of  finding  the  accused 
guilty  of  any  fraud  or  deceit  in  obtaining  a  certificate  or  of  gross 
negligence,  incompetency  or  misconduct  in  the  practice  of  professional 
engineering,  architecture  or  land  surveying,  the  Board  shall  revoke 
the  certificate  of  registration  of  the  accused. 

The  Board  may  reissue  a  certificate  of  registration  to  any  person 
whose  certificate  has  been  revoked,  provided  five  or  more  members  of 
the  Board  vote  in  favor  of  such  reissue  for  reasons  the  Board  may  deem 
sufficient. 

The  Board  shall  immediately  notify  the  Secretary  of  State  and  the 
clerk  of  each  incorporated  city,  town  and  county  in  the  State  of  its, 
findings  in  the  case  of  the  revocation  of  a  certificate  of  registration  or 
of  its  reissuance  of  a  revoked  certificate  of  registration. 

[Note:  (n),  Revocation  is  recognized  as  a  serious  procedure  in  its 

»  effect   on   professional   reputation,   and   the_  right  of 

hearing  and  contest  is  recognized  and  provided  for.] 

A  new  certificate  of  registration  to  replace  any  certificate  lost, 
destroyed  or  mutilated,  may  be  issued,  subject  to  the  rules  and  regula- 
tions of  the  Board.  A  charge  of  one  dollar  shall  be  made  for  such  re- 
issue. 

Significance  of  Certificate — Seals 

Section  11. — The  issuance  of  a  certificate  of  registration  by  this 
Board  shall  be  evidence  that  the  person  named  therein  is  entitled  to 
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all  the  rights  and  privileges  of  a  registered  professional  engineer, 
registered  architect  or  registered  land  surveyor  while  the  said  certificate 
remains  unrevoked  or  unexpired. 

Each  registrant  hereunder .  shall  upon  registration  obtain  a  seal  of 
the  design  authorized  by  the  Board,  bearing  the  registrant's  name  and 
the  legend  "registered  professional  engineer",  or  "registered  architect", 
or  "registered  land  surveyor".  Plans,  specifications,  plats  and  reports 
issued  by  a  registrant  may  be  stamped  with  said  seal  during  the  life 
of  registrant's  certificate,  but  it  shall  be  unlawful  for  any  one  to  stamp 
or  seal  any  documents  with  said  seal  after  the  certificate  of  the  regis- 
trant named  thereon  has  expired  or  has  been  revoked  unless  said  cer- 
tificate has  been  renewed  or  reissued. 

Unlawful  Acts  and  Penalties 

Section  12. — Any  person  who  after  this  Act  has  been  in  effect 

months  is  not  legally  authorized  to  practice  professional  engineering, 
architecture  or  land  surveying  in  this  State  according  to  the  provisions 
of  this  Act  and  shall  so  practice,  or  offer  so  to  practice  in  this  State, 
except  as  provided  in  Section  13  of  this  Act,  and  any  person  presenting 
or  attempting  to  file  as  his  own  the  certificate  of  registration  of  another, 
or  who  shall  give  false  or  forged  evidence  of  any  kind  to  the  Board, 
or  to  any  member  thereof,  in  obtaining  a  certificate  of  registration,  or 
who  shall  falsely  impersonate  any  other  practitioner,  of  like  or  different 
name,  or  who  shall  use  or  attempt  to  use  an  expired  or  revoked  certifi- 
cate of  registration,  shall  be  deemed  guilty  of  a  misdemeanor  and 
shall  for  each  such  offense  of  which  he  is  convicted  be  punished  by  a 
fine  of  not  less  than  one  hundred  dollars  ($100)  nor  more  than  five 
hundred  dollars  ($500),  or  by  imprisonment  for  three  months,  or  by 
both  fine  and  imprisonment.  However,  nothing  in  this  Act  shall  be 
construed  as  excluding  any  registered  architect  from  the  practice  of 
professional  engineering  or.  as  excluding  any  registered  professional 
engineer  from  the  practice  of  architecture. 

[Note:  (o).  This  Act  not  only  gives  prestige  to  the  titles  "Registered 
Professional  Engineer",  "Registered  Architect"  or 
"Registered  Land  Surveyors",  but  it  prohibits  the 
practice  as  principals  of  all  persons  not  registered; 
(p)  By  reason  of  overlapping  of  the  fields  of  engineer- 
ing and  architecture,  a  clear  line  of  demarcation 
cannot  be  made  between  these  two  professions; 
(g)  As  this  Act  does  not  prohibit  a  chemical  engineer 
from  building  a  steel  arch  bridge,  it  appears  incon- 
sistent to  prohibit  an  architect  from  building  such  a 
bridge,  or  a  structural  engineer  from  building  a 
church.  Ethical  considerations  and  professional 
opinion  must  confine  the  scope  of  each  person's  practice 
to  the  fields  in  which  he  is  a  master.] 
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Exemptions 

Section  13. — The  following  shall  be  exempted  from  the  provisions 
of  this  Act : 

1.  Offering  to  practice  in  this  State  as  a  professional  engineer, 
architect  or  land  surveyor,  by  any  person  not  a  resident  of  and  having 
no  established  place  of  business  in  this  State. 

[Note:  (r),  A  professional  card  in  a  journal  of  National  circulation 
is  an  "offer  to  practice"  in  any  State  in  the  Union. 
It  would  be  manifestly  unfair  to  compel  a  professional 
man  to  register  in  every  State  in  which  he  may  in 
this  way,  or  by  letter  or  otherwise,  express  his  readi- 
ness to  accept  an  engagement.] 

2.  Practice  as  a  professional  engineer,  architect  or  land  surveyor  in 
this  State  by  any  person  not  a  resident  in  this  State  and  having  no 
established  place  of  business  in  this  State,  when  this  practice  does  not 
aggregate  more  than  fifteen  days  in  any  calendar  year;  provided,  that 
said  person  is  legally  qualified  for  such  professional  service  in  his  own 
State  or  country. 

[Note:  (s).  It  is  a  distinct  advantage  to  the  people  of  any  State  to 
be  able  to  call  in  for  consultation  a  specialist  from 
any  other  State.  Such  practice  may  be  brief,  and 
often  of  an  emergency  nature.] 

3.  Practice  as  a  professional  engineer,  architect  or  land  surveyor 
in  this  State  by  any  person  not  a  resident  of  and  having  no  established 
place  of  business  in  this  State,  or  any  person  resident  in  this  State, 
but  whose  arrival  in  the  State  is  recent;  provided,  however,  such  a 
person  shall  have  filed  an  application  for  registration  as  a  professional 
engineer,  an  architect  or  a  land  surveyor  and  shall  have  paid  the  fee 
provided  for  in  Section  9  of  this  Act.  Such  exemption  shall  continue 
for  only  such  reasonable  time  as  the  Board  requii'es  in  which  to  con- 
sider and  grant  or  deny  the  said  application  for  registration. 

4.  Engaging  in  professional  engineering,  architecture  or  land  sur- 
veying as  an  employee  of  a  registered  professional  engineer,  a  registered 
architect  or  a  registered  land  surveyor,  or  as  an  employee  of  a  profes- 
sional engineer,  architect  or  land  surveyor,  authorized  by  Paragraphs  2 
and  3  of  this  Section,  provided  that  said  practice  may  not  include 
responsible  charge  of  design  or  supervision. 

5.  Practice  of  professional  engineering,  architecture  and  land  sur- 
veying solely  as  an  officer  or  as  an  employee  of  the  United  States, 

6.  Practice  of  professional  engineering,  architecture  or  land  sur- 
veying solely  as  an  employee  of  this  State  or  any  political  subdivision 
thereof,  at  the  time  this  Act  becomes  effective  and  thereafter  only  until 
the  expiration  of  the  then  existing  term  of  office  of  such  employee. 
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Corporations  or  Partnerships 

Section  IJf. — A  corporation  or  partnership  may  engage  in  the  prac- 
tice of  professional  engineering,  architecture  or  land  surveying  in  this 
State,  provided  the  person  or  persons  connected  with  such  corporation 
or  partnership  in  charge  of  the  designing  or  supervision  which  consti- 
tutes such  practice  is  or  are  registered  as  herein  required  of  profes- 
sional engineers,  architects  and  land  surveyors.  The  same  exemptions 
shall  apply  to  corporations  and  partnerships  as  apply  to  individuals 
under  this  Act. 

Public  Work 

Section  15. — One  year  after  this  Act  goes  into  effect,  neither  the 
State  nor  any  county,  township,  city,  town  or  village  nor  other  political 
subdivision  in  the  State,  shall  engage  in  the  construction  or  main- 
tenance of  any  jDublic  work  involving  professional  engineering  or 
architecture  for  which  the  plans,  specifications  and  estimates  have  not 
been  made  by,  and  the  construction  and  maintenance  supervised  by, 
a  registered  professional  engineer,  or  a  registered  architect;  provided, 
that  nothing  in  this  section  shall  be  held  to  apply  to  such  public  work 
wherein  the  contemplated  expenditure  for  the  completed  project  does 
not  exceed  two  thousand  dollars  ($2  000). 

Land  Surveying 

Section  16. — Land  surveying  as  covered  by  this  Act  refers  only  to 
surveys  for  the  determination  of  areas  or  for  the  establishment  or  re- 
establishment  of  land  boundaries  and  the  subdivision  and  platting  of 
land.  Nothing  in  this  Act  shall  be  construed  as  prohibiting  regis- 
tered professional  engineers  or  registered  architects  from  making  land 
surveys  where  such  surveys  are  essential  to  engineering  or  architectural 
•projects. 

Repeal  of  Conflicting!  Legislation. 

Section  17. — All  laws  or  parts  of  laws  in  conflict  with  the  provisions 
of  this  Act  are  hereby  repealed. 

Engineering  Council  Approves  Committee's  Proposed 
Classification  of  Engineers, 

A  complete  and  definite  classification  for  engineers  in  Federal, 
State,  County,  Municipal  and  Railroad  service  was  approved  by  Engi- 
neering Council  at  its  meeting  on  December  18th,  1919,  when  it 
adopted  the  classification  proposed  in  the  third  progress  report  of  its 
Committee  on  Classification  and  Compensation  of  Engineers,  of  which 
Arthur  S.  Tuttle,  M.  Am.  Soc.  C.  E.,  is  chairman.  Eight  grades 
are  defined,  five  professional  and  three  sub-professional,  and  the  neces- 
sary qualifications  are  specified.    A  striking  comparison  of  the  results  of 
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this  latest  investigation  into  Federal,  State  and  Municipal  service 
with  those  reported  in  1917  by  the  committee  of  the  American  Society 
of  Civil  Engineers  appointed  to  investigate  the  conditions  of  employ- 
ment and  compensation  of  civil  engineers  was  pointed  out  in  the 
committee  report. 

The  extracts  of  this  report  which  follow  include,  in  addition  to  the 
classification  and  the  above-mentioned  comparison,  an  interesting  tabu- 
lation of  average  salaries  in  Federal,  State  and  Municipal  service,  with 
average  ages  of  the  incumbents  and  average  salaries  recommended  by 
the  engineers  in  charge.  A  schedule  of  salaries  for  engineers  in  city, 
State  and  National  governmental  employment  is  suggested  by  the 
Committee  for  discussion.  The  Committee  asked  for  an  appropriation 
of  $10  000  for  the  purpose  of  continuing  the  investigation  into  present 
salaries  and  to  insure  publicity  and  progress  in  the  eifort  to  raise  the 
level  of  engineering  compensation.  This  is  one  of  the  items  for  which 
Engineering  Council  is  making  its  appeal  for  funds,  and  the  effective 
continuation  of  the  work  of  the  Committee  is  dependent  upon  the  out- 
come of  that  appeal. 

FlKDINGS  AND  CONCLUSIONS  OF  THE  COMMITTEE 

The  investigations  have  shown  the  lack  of  any  adequate  or  con- 
sistent employment  policy  with  respect  to  professional  engineers.  This 
is  evidenced  by  the  following  conditions  which  are  believed  to  be 
largely  responsible  for  the  unsatisfactory  status  of  men  engaged  in 
this  class  of  work: 

1.  Absence  of  any  uniform  system  of  grading  of  positions. 

2.  Lack  of  uniformity  in  titles  of  positions  with  respect  to  duties. 

3.  Inequalities  in  compensation  for  positions  of  the  same  grade, 
i.  Generally  inadequate  compensation  for  services  rendered. 

To  the  end  that  these  conditions  may  be  corrected  and  proper  and 
equitable  conditions  of  employment  established,  the  following  prin- 
ciples and  practices  are  recommended  by  the  Committee,  though  not 
yet  acted  upon  by  Council. 

1.  Positions  should  be  classified  in  accordance  with  the  type  of  work, 
and  with  the  character  of  the  duties  to  be  performed  and  the  qualifica- 
tions necessary  for  their  performance,  as  indicated  by  a  system  of 
grading. 

2.  Within  the  salary  limits  fixed  for  each  grade,  there  should  be  a 
system  of  advancement  through  the  grade  based  upon  experience  gained 
in  the  position  and  upon  proof  of  increase  in  the  proficiency  of  the 
employee  in  performing  the  duties  of  the  grade. 

3.  Promotions  from  grade  to  grade  should  depend  upon  the  exist- 
ence of  a  vacancy  in  the  higher  grade  and  proof  that  the  employee 
is  qualified  to  fill  the  vacancy. 
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4.  The  determination  of  salary  adequate  to  procure  for  and  retain  in 
engineering  work  a  high  class  of  employees,  should  take  into  account 
and  properly  weigh  the  following  considerations : 

(a)  The  capital  invested,  .both  in  money  and  in  time,  in  obtain- 
ing the  requisite  fundamental  training. 

(h)  The  amount  and  character  of  experience  and  the  degree  of 
personal  ability  required. 

(c)  The  relative  value  of  the  classes  of  work  to  be  performed. 

(d)  The  amount  paid  for  similar  service  in  other  lines  of  work. 

(e)  The  amount  necessary  to  enable  the  employee  to  maintain  a 

standard  of  living  commensurate  with  the  general  standards 
of  the  community  for  positions  of  similar  dignity  and 
responsibility. 

5.  In  the  interest  of  an  adequate  social  policy,  no  position  likely 
to  be  occupied  by  individuals  of  an  age  to  assume  family  responsibilities 
should  fail  to  pay  an  amount  sufficient  to  permit  the  maintenance  of 
the  average  family  in  reasonable  decency  and  comfort. 

6.  In  the  interest  of  the  employees  as  a  whole  and  of  the  employer, 
a  system  should  be  established  by  which  employees  who  fail  to  maintain 
satisfactory  standards  of  service  should  be  removed,  transferred, 
demoted,  or  retired  as  may  be  equitable  in  the  circumstances. 

Classification  of  Engineering  Positions  in  Federal,  State,  County, 
Municipal  and  Kailroad  Services 
The  grades  proposed,  which  appear  to  be  well  adapted  to  use  not  only 
in  all  of  the  services  represented  but  also  for  all  other  forms  of  engi- 
neering activities,  have  been  divided  into  two  classes,  the  Professional 
Service  being  deemed  to  include  men  who  have  received  an  engineering 
degree  from  an  educational  institution  of  recognized  standing  or  who 
have  obtained  similar  qualifications  through  practice  of  the  profession 
and  by  mastering  the  fundamentals  of  engineering  science,  while  the 
Sub-Professional  Service  includes  assistants  with  at  least  a  high 
school  education,  who  enter  upon  the  practice  of  the  profession  in  the 
performance  of  responsible  duties  for  which  an  engineering  training 
is  not  essential,  but  who  through  experience  and  study  may  fit  them- 
selves for  the  higher  grades.     The  classification  is  as  follows: 

PROFESSIONAL  SERVICE 
Grade  1. — Chief  Engineer 
Duties. — To  act  in  chief  administrative  charge  of  a  technical  organi- 
zation, or  of  a  main  division  thereof;  to  determine  the  general  policies 
of  the  organization  under  the  limitations  imposed  by  law,  regulation, 
or  other  fijied  requirement;  to  have  final  responsibility  for  the  prepara- 
tion of  reports,  cost  estimates,  designs,  and  specifications  and  for  the 
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construction,  maintenance,  or  operation  of  engineering  works  or  proj- 
ects; to  have  full  charge  of  the  collection  and  presentation  of  data 
for  and  the  conduct  of  valuation  proceedings;  to  conduct  or  direct  the 
most  comprehensive  lines  of  engineering  research. 

Qualifications. — Training  and  experience  of  a  character  to  give 
substantial  evidence  of  engineering  knowledge  and  ability  or  of  ex- 
ecutive capacity  of  highest  order  along  lines  of  work  similar  to  those 
involved  in  the  position  to  be  occupied  and  of  at  least  twelve  years' 
duration,  of  which  at  least  four  years  shall  have  been  spent  in  duties 
of  Engineer,  or  their  equivalent,  and  at  least  five  years  in  responsible 
charge  of  important  work  or  projects.  Fundamental  training  equivalent 
to  that  represented  by  professional  degree  granted  upon  the  completion 
of  a  standard  course  of  engineering  instruction  in  an  educational  insti- 
tution of  recognized  standing  or,  in  absence  of  such  degree,  at  least 
four  years  of  additional  experience.  The  completion  of  each  full 
year  of  such  standard  course  shall  be  considered  the  equivalent 
of  one  year  of  such  additional  experience. 

Grade  2. — Engineer 

Duties.— Under  general  administrative  direction  and  within  the 
limits  of  the  general  policies  of  the  organization,  to  have  responsible 
charge  of  and  to  initiate  and  determine  policies  for  a  major  subdivision 
of  an  organization;  to  prepare  for  final  executive  action  reports,  cost 
estimates,  designs,  specifications,  and  valuation  studies  and  data ;  to  have 
immediate  charge  of  the  construction,  maintenance,  or  operation  of 
engineering  works  or  projects  of  major  importance ;  to  conduct  or  direct 
major  lines  of  engineering  research ;  or  to  furnish  for  executive  action 
expert  or  critical  advice  on  engineering  works,  projects  or  policies. 

Qualifications. — Active  professional  practice  or  executive  charge  of 
work  for  at  least  eight  years,  of  a  character  to  demonstrate  a  high 
degree  of  initiative  and  of  ability  in  the  administration,  design, 
or  construction  of  engineering  work  or  projects  of  major  importance,  of 
which  at  least  three  years  shall  have  been  spent  in  duties  of  Senior 
Assistant  Engineer,  or  their  equivalent,  and  at  least  three  years  in 
responsible  charge  of  work.  Fundamental  training  equivalent  to  that 
represented  by  professional  degree  granted  upon  the  completion  of  a 
standard  course  of  engineering  instruction  in  an  educational  institu- 
tion of  recognized  standing  or,  in  absence  of  such  degree,  at  least  four 
years  of  additional  experience.  The  completion  of  each  full  year  of 
such  standard  course  shall  be  considered  the  equivalent  of  one  year  of 
such  additional  experience. 

Grade  3.— Senior  Assistant  Engineer 
Duties. — Under  general  administrative  and  technical  direction,  to 
be  in  responsible  charge  of  an  intermediate  division  of  an  organization; 
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to  exercise  independent  engineering  judgment  and  assume  responsibil- 
ity in  studies  and  computations  necessary  for  the  preparation  of  reports, 
cost  estimates,  designs,  specifications,  or  valuations;  to  have  immediate 
charge  of  the  construction,  maintenance,  or  operation  of  important 
engineering  works  or  projects;  or  to  conduct  or  direct  important  lines  of 
engineering  research. 

Qualifications. — Active  professional  practice  or  executive  charge 
of  work  for  at  least  five  years,  of  which  at  least  three  years  shall  have 
been  spent  in  duties  of  Assistant  Engineer,  or  their  equivalent,  with 
at  least  one  year  in  responsible  charge  of  work.  Fundamental  training 
equivalent  to  that  represented  by  professional  degree  granted  upon  the 
completion  of  a  standard  course  of  engineering  instruction  in  an 
educational  institution  of  recognized  standing  or,  in  absence  of  such 
degree,  at  least  four  years  of  additional  experience.  The  completion 
of  each  full  year  of  such  standard  course  shall  be  considered  the 
equivalent  of  one  year  of  such  additional  experience. 

Grade  4. — Assistant  Engineer 

Duties. — Under  specific  administrative  and  technical  direction,  to 
be  responsible  for  the  conduct  of  the  work  of  a  minor  subdivision  of 
an  organization;  to  collect  and  compile  data  for  specific  items  of  engi- 
neering studies ;  to  take  immediate  charge  of  field  survey  projects  and  of 
the  design  and  construction  of  minor  engineering  work;  to  lay  out  and 
develop  work  from  specifications  and  to  supervise  the  work  of  a  drafting 
or  computing  force;  or  to  conduct  spiecific  tests  or  investigations  of 
apparatus,  material,  or  processes. 

Qualifications. — Experience  for  at  least  two  years  in  duties  of 
Junior  Assistant  Engineer  or  their  equivalent.  Fundamental  training 
equivalent  to  that  represented  by  professional  degree  granted  upon  the 
completion  of  a  standard  course  of  engineering  instruction  in  an 
educational  institution  of  recognized  standing  or,  in  absence  of  such 
degree,  at  least  four  years  of  additional  experience.  The  completion  of 
each  full  year  of  such  standard  course  shall  be  considered  the  equivalent 
of  one  year  of  such  additional  experience. 

Grade  5. — Junior  Assistant  Engineer 

Duties. — Under  immediate  supervision,  to  perform  work  involving 
the  use  of  surveying,  measuring,  and  drafting  instruments;  to  take 
charge  of  parties  on  survey  or  construction  work ;  to  design  details  from 
sketches  or  specifications;  to  compute  and  compile  data  for  reports  or 
records;  to  inspect  or  investigate  minor  details  of  engineering  work; 
or  to  perform  routine  tests  of  apparatus,  material,  or  processes. 

Qualifications. — No  experience  required  other  than  that  involved  in 
securing  a  professional  degree  upon  the  completion  of  a  standard  course 
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of  engineering  instruction  in  an  educational  institution  of  recognized 
standing;  but  in  absence  of  such  degree,  a  high  school  education  or  its 
equivalent  is  required  and  at  least  four  years'  experience  in  the  use  of 
surveying,  measuring  or  drafting  instruments,  or  the  computation  and 
compilation  of  engineering  data,  together  with  evidence  of  a  knowledge 
of  the  fundamentals  of  engineering  science  sufficient,  with  further 
experience,  to  qualify  for  the  higher  professional  grades.  The  comple- 
tion of  each  full  year  of  such  standard  course  of  engineering  instruction 
shall  be  considered  as  the  equivalent  of  one  year  of  experience. 

SUB-PROFESSIOITAL  SERVICE 

Grade  6. — Senior  Aid,  Office 

Duties. — To  supervise  the  plotting  of  notes  and  maps,  and  to  direct 
the  work  of  a  drafting  or  computing  squad. 

Qualifications. — Experience  for  at  least  five  years  in  tracing,  letter- 
ing, drafting,  and  computing,  of  which  at  least  three  years  shall  have 
been  spent  in  the  duties  of  draftsman.  Education  equivalent  to  gradua- 
tion from  high  school.  The  completion  of  each  full  year  of  a  standard 
course  of  engineering  instruction  in  an  educational  institution  of 
recognized  standing  shall  be  considered  as  the  equivalent  of  the  experi- 
ence otherwise  required,  with  the  provision,  however,  that  at  least  one 
year  shall  have  been  spent  in  the  duties  of  draftsman. 

Grade  6. — Senior  Aid,  Field 

Duties. — To  direct  work  of  field  party  on  surveys  or  construction; 
to  keep  survey  notes  and  engineering  records ;  to  supervise  construction 
or  repair  work;  to  direct  the  work  of  computing  surveys  and  esti- 
mates; to  direct  the  work  of  making  minor  engineering  computations. 

Qualifications. — Experience  for  at  least  five  years  in  the  use  and 
care  of  surveying  instruments,  of  which  at  least  three  years  shall  have 
been  spent  in  the  duties  of  instrumentman.  Education  equivalent  to 
graduation  from  high  school.  The  completion  of  each  full  year  of  a 
standard  course  of  engineering  instruction  in  an  educational  institu- 
tion of  recognized  standing  shall  be  considered  as  the  equivalent  of 
the  experience  otherwise  required,  with  the  provision,  however,  that  at 
least  one  year  shall  have  been  spent  in  the  duties  of  instrumentman. 

Grade  7. — Aid,  Office 

Duties. — To  prepare  general  working  drawings  where  design  is 
furnished ;  to  plot  notes  and  prepare  maps ;  to  design  simple  structures ; 
to  make  computations  and  compile  data  for  reports  and  records;  to 
check  plans,  surveys,  and  other  engineering  data. 
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Qualifications. — Experience  for  at  least  two  years  in  tracing,  letter- 
ing, drafting,  and  computing.  Education  equivalent  to  graduation 
from  high  school  and  familiarity  with  the  use  of  the  slide  rule,  and  of 
logarithmic  and  other  simple  mathematical  tables.  The  completion  of 
each  full  year  of  a  standard  course  of  engineering  instruction  in  an 
educational  institution  of  recognized  standing  shall  be  considered  as  the 
equivalent  of  the  experience  otherwise  required. 

Grade  7. — Aid^  Field 

Duties. — To  run  surveying  instruments  and  to  adjust  and  care 
for  same;  to  compute  surveys  and  estimates;  to  make  minor  engi- 
neering computations;  to  inspect  incidentally  construction  or  repair 
work. 

Qualifications. — Experience  for  at  least  two  years  in  the  duties  of 
rodman.  Education  equivalent  to  graduation  from  high  school  and 
familiarity  with  the  construction,  operation,  and  care  of  surveying 
instruments.  The  completion  of  each  full  year  of  a  standard  course  of 
engineering  instruction  in  an  educational  institution  of  recognized 
standing  shall  be  considered  as  the  equivalent  of  the  experience  other- 
wise required. 

Grade  8. — Junior  Aid,  Office 

Duties. — To  trace  and  letter  maps  and  plans ;  to  make  simple  draw- 
ings from  sketches  and  data ;  to  make  minor  calculations. 

Qualifications. — Education  equivalent  to  graduation  from  high 
school. 

Grade  8. — Junior  Aid,  Field 

Duties. — To  run  tape  or  leveling  rod;  to  perform  other  miscel- 
laneous subordinate  duties  in  survey  party  in  field  or  office,  as  directed. 

Qualifications. — Education  equivalent  to  graduation  from  high 
school. 

Experience  Equivalents  for  Post-Graduate  Work 

The  completion  of  each  full  year  of  post-graduate  work  in  the 
specific  subject  of  study  or  investigation  appropriate  to  a  particular 
service  or  branch  of  service  shall  be  considered  the  equivalent  of  one 
and  one-haK  years  of  general  experience,  but  such  substitution  shall 
not  thus  be  made  for  more  than  four  years  of  such  experience  or  be 
considered  as  reducing  the  requirements  in  any  grade  of  the  number 
of  years  engaged  in  the  conduct  or  direction  of  responsible  work. 

An  examination  of  the  schedule  shows  that  the  minimum  experi- 
ence requirements  for  the  various  grades  may  be  briefly  summarized  as 
follows : 


Experience  in  Years 

With  Degree  in     Without  Degree 

Engineering        in  Engineering 

0 

0 

0 

2 

0 

5 

0 

4 

2 

6 

January,  1920.]  ITEMS   OF  INTEREST  49 


Service  Grade 

Sub-professional  .  . .   8 — Junior  Aid 

7— Aid  

6 — Senior  Aid 

Professional 5 — Junior    Assistant 

Engineer   

4 — Assistant    Engineer 
3 — Senior  Assistant 

Engineer   5  9 

2— Engineer   8  12 

1— Chief  Engineer  ...  12  16 

Some  Title  Equivalents  in  Common  Use 

The  following  table  illustrates  the  practicability  of  adapting  the  pro- 
posed classification  to  any  particular  grade  or  branch  of  the  engineering 
service  and  in  such  a  way  as  to  clearly  retain  a  description  of  the 
relative  rank. 

PEOFES SIGNAL  SERVICE 

1 — Chief  Engineer 

Chief  Engineer  Deputy  Chief  Engineer 

State  Engineer  Deputy  State  Engineer 

City  Engineer  Deputy  City  Engineer 

Chief  Engineer  of  Maintenance  Director,  etc. 

of  Way 

2 — Engineer 

Electrical  Engineer  Division  Engineer 

Mechanical  Engineer  District  Engineer 

Mining  Engineer  Sewer  Engineer 

Chemical  Engineer  Topographical  Engineer 

Bridge  Engineer  Landscape  Engineer 

Sanitary  Engineer  Hydraulic  Engineer 

Tunnel  Engineer  Geodetic  Engineer 

Maintenance  of  Way  Engineer  Structural  Engineer 

Signal  Engineer  Valuation  Engineer 

Highway  Engineer  Designing  Engineer,  etc. 

3 — Senior  Assistant  Engineer 

Senior  Assistant  Electrical  Engineer 
Senior  Assistant  Mechanical  Engineer 
Senior  Assistant  Mining  Engineer 
Senior  Assistant  Chemical  Engineer 
Senior  Assistant  Bridge  Engineer,  etc. 
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4 — Assistant  Engineer 
Similar  to  Senior  Assistant  Engineer 

5 — Junior  Assistant  Engineer 
Engineer  Inspector,  etc. 

SUB-PEOFESSIONAL  SERVICE 

6 — Senior  Aid 

Office:  Chief  Draftsman  Eield:  Chief  Instrumentman 

Chief  Computer  Chief  Inspector 

7— Aid 
Office:  Draftsman  Eield:  Instrumentman 

Computer  Inspector 

8 — Junior  Aid 

Office:  Junior  Draftsman  Field:  Rodman 

Tracer  Tapeman 

Striking  Comparison  of  Results  of  Investigations  Into 
Compensation 

In  1913  a  committee  was  appointed  by  the  Board  of  Direction  of 
the  American  Society  of  Civil  Engineers  to  investigate  the  conditions 
of  emiDloyment  and  compensation  of  civil  engineers.  This  committee 
was  headed  by  the  late  Alfred  Noble,  Past-President,  Am.  Soc.  C.  E., 
who  was  succeeded  as  chairman  by  Nelson  P.  Lewis,  M.  Am.  Soc.  C.  E. 
In  its  final  report,  presented  at  the  Annual  Meeting  of  the  Society  held 
in  1917,  the  committee  gave  the  results  of  its  canvasses,  comprising 
returns  from  6  378  engineers,  of  whom  1  319  were  non-members.  The 
distribution  among  the  various  services  of  such  returns  as  could  be 
classified  showed  an  average  compensation  as  follows: 

Numbfr  of  Average 

Service  Cla.>isifled  Men    Compensation 

States  and  Counties 387  $2  735 

National  Governments 575  2  899 

Municipalities    764  2  994 

Technical    Schools 262  3  240 

Railroads   814  3  325 

Private  Companies 2  198  4  240 

Consulting   Engineers 620  6  737 

Contractors 165  7  678 

5  785  $4  032 
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The  committee  advised  that  the  analysis  of  the  returns  showed  that 
the  pay  received  hy  members  of  the  Society  was  generally  about  25% 
above  that  of  non-members.  It  also  stated  that  an  effort  had  been 
made  to  obtain  information  from  Railroad,  Municipal,  State,  and  Fed- 
eral Departments  but  that  the  officials  in  authority  considered  it  im- 
practicable to  vmdertake  a  collection  of  the  desired  data,  and  in  the 
absence  of  this  co-operation  no  headway  could  be  made.  The  committee 
also  reported  that  from  the  meager  information  obtained  it  was  "con- 
vinced that  the  compensation  for  engineering  work  compares  favorably 
with  that  received  by  men  of  any  other  profession",  and  that  there 
was  need  for  "better  trained  engineers  rather  than  of  more  engineers". 

That  a  radical  change  of  heart  has  since  taken  place  on  the  part  of 
responsible  department  heads  is  clearly  evidenced  by  the  fact  that  prac- 
tically the  entire  Federal  engineering  service,  except  the  War  Depart- 
ment, has  co-operated  in  the  present  inquiry,  as  have  also  42%  of 
the  state  officials,  and  70%  of  the  municipal  officials,  and  that  the 
financial  status  of  10  089  men  in  these  grades  has  now  been  revealed 
as  compared  with  a  total  of  1  726  men,  in  the  same  classes  of  service, 
who  replied  to  the  1913-1916  inquiry.  It  also  appears  that  the  respond- 
ents in  the  case  of  the  previous  investigation  were  largely  confined  to 
the  classes  receiving  maximum  compensation,  the  average  rate  of 
present  compensation  shown  by  the  new  return  being  as  follows: 

Number  of  Average 

Service  Men  Compensation 

Federal  Government — Navy  Department 594  $2  474 

Federal  Government — (excluding  War  and  Navy 

Departments)    3  956  1814 

Federal  Government  (excluding  War  Depart- 
ment)   4  550  1900 

State  2222  1700 

Municipal   3  317  1  820 

In  comparing  these  returns  with  those  received  by  the  previous 
committee,  the  decrease  in  the  value  of  the  dollar  should  also  be  borne 
in  mind. 

Eesults  from  Questionnaires 

Tables  1,  2  and  3  include  partial  results  of  the  analysis  of  Federal, 
State  and  Municipal  returns  from  questionnaires  received  up  to  the 
date  of  the  committee  report,  December  15th,  1919. 

It  is  thus  disclosed  that  the  average  compensation  for  grades  rep- 
resenting 68%  of  the  engineers  in  the  Federal  Service,  other 
than  the  War  Department,  and  86%  of  those  in  State  and 
Municipal  Service,  is  less  than  is  required  for  the  support  of  a  family 
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on  a  scale  sufficient  to  provide  for  necessities  (assumed  at  $2  200  per 
annum),  to  say  nothing  of  the  expense  of  giving  children  anything  like 
the  education  with  which  the  breadwinner  was  equipped. 

It  would  seem  reasonable  to  assume  that  men  in  the  "Junior  Aid" 
grade  have  not  reached  an  age  which  would  require  compensation 
sufficient  to  support  a  family,  but  that  the  salary  limitation  for 
men  in  higher  grades  should  clearly  be  sufficient  to  meet  this  need. 
On  this  basis  it  is  safe  to  state  that  with  anything  like  suitable  com- 
pensation, not  more  than  approximately  25%  of  the  entire  service,  if 
properly  organized,  should  receive  less  than  $2  200  per  annum.  The 
investigation  made  by  the  State  and  Municipal  Section  shows  that  the 
average  age  of  the  present  incumbents  of  the  lowest  grades  is  actually 
about  27  years;  if  they  are  to  be  adequately  provided  for  as  permanent 
employees,  the  percentage  of  men  to  receive  less  than  $2  200  is  clearly 
negligible. 

A  comparison  with  the  pay  of  the  industrial  worker  who  serves 
under  the  engineer  also  bears  testimony  to  the  fact  that,  while  admitted 
by  none  as  to  value,  the  actual  compensation  for  brawn  is  to-day  greater 
than  for  engineering  brain.  The  need  for  setting  up  some  scale  of 
compensation  for  the  engineer  to  correct  this  serious  condition  is,  there- 
fore, obvious,  as  is  also  that  for  the  inquiry  now  being  carried  on  by 
the  Committee.  Unless  a  radical  improvement  can  be  brought  about, 
it  seems  evident  that  the  profession  cannot  attract  to  or  retain  in  it  men 
of  the  caliber  required  to  command  the  respect  in  which  it  has  hereto- 
fore been  held  by  the  public,  and  that  so  long  as  they  are  continuously 
struggling  with  the  problem  of  making  even  a  bare  living,  their  efficiency 
will  be  minimized  and  their  incentive  to  work  with  other  than  a  purely 
selfish  interest  will  be  lacking. 

That  a  serious  condition  of  unrest  exists  in  the  Municipal  and 
State  services  is  clearly  evidenced  by  explicit  statements  in  this  respect 
in  44%  of  the  questionnaires  returned,  while  in  only  13  of  these 
services  were  conditions  as  to  morale  reported  to  be  satisfactory. 

From  the  investigation  made  by  each  of  the  sections  of  the  Com- 
mittee, it  appears  that  the  heads  of  sixteen  engineering  bureaus  in  the 
Federal  Government  (excluding  the  Navy  Department)  have  recom- 
mended an  average  increase  in  present  compensation  averaging  about 
59%,  while  similar  increases  in  the  State  and  Municipal  Services, 
as  recommended  by  the  engineering  heads,  average  26  per  cent. 

As  a  result  of  the  inquiry  now  in  progress  under  the  direction  of 
the  Congressional  Joint  Commission  on  Reclassification  of  Salaries, 
the  attention  of  all  members  of  the  Federal  Service  has  been  drawn  to 
this  question  in  such  a  way  as  to  make  it  one  of  close  study  and  analysis, 
v/hich  condition  doubtless  accounts  for  the  comparatively  modest  recom- 
mendation made  by  the  representatives  of  the  State  and  Municipal 
Services,  whose  reply  to  our  inquiry  has  been  individual  and  who  have 
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doubtless  been  confronted  with  the  necessity  of  recognizing  relationship 
to  other  workers  in  the  same  services  in  whose  interests  no  concerted 
move  of  this  character  has  been  attempted. 

Your  Committee  is  impressed  with  the  method  which  has  been  fol- 
lowed by  the  Federal  Section  in  setting  up  a  standard  of  compensation 
based  on  a  readjustment  to  the  new  conditions  as  to  cost  of  living, 
this  being  dependent  on  an  award  made  on  October  24th,  1918,  by  the 
Shipping  Wage  Adjustment  Board,  which  was  designed  to  provide  a 
uniform  national  wage  scale  for  all  shipbuilding  workers,  including 
a  scale  of  compensation  for  draftsmen  and  copyists.  It  is  also  under- 
stood that  this  wage  scale,  which  is  generally  known  as  the  Macy  Scale, 
has  since  been  adapted  with  modifications  to  the  needs  of  certain 
bureaus  in  the  Navy  Department.  In  the  accompanying  diagram 
there  is  illustrated  a  comparison  of  the  compensation  fixed  under  the 
Macy  Scale  with  the  maximum  rates  suggested  by  the  Federal  Section. 
A  further  comparison  has  also  been  made  with  scales  proposed  by  other 
organizations,  which  seems  to  justify  the  schedule  of  salaries  now 
suggested  by  the  Committee  for  discussion,  which  is  as  follows: 

Schedule  of  Salaries  Suggested  for  Discussion 

Total  Years  Experience 

Required  to  Qualify 
With  Pro-    W^ithout  Pro- 
fessional fessional  Salary  Range 
Grade                                      Degree               Degree          Minimum  Maximum 

8— Junior  Aid 0  $1080  $1560 

7— Aid 2  1680              2  400 

6— Senior  Aid 5  2  520               3  240 

5 — Junior  Assistant  En- 
gineer               0  4  1 620              2  580 

4— Assistant     Engineer.            2  6  2  700               4140 
3 — Senior  Assistant  En- 
gineer               5  9  4  320              5  760 

2— Engineer    8  12  5  940  No  limit 

1— Chief   Engineer 12  16  8  100  No  limit 

Applying  the  average  proposed  salary  to  the  present  incumbents  of 
these  positions  as  reported  in  the  State  and  Municipal  services,  it  will 
be  found  that  there  would  be  a  resulting  increase  in  annual  compensa- 
tion totaling  about  $5  500  000  as  compared  with  a  total  increase  of 
$2  500  000  recommended  by  the  service  heads,  against  which  should, 
however,  be  charged  the  economy  growing  out  of  the  increased  efficiency 
brought  about  by  a  restoration  of  morale. 

The  Committee  is  not  prepared  at  this  time  to  recommend  the  adop- 
tion of  any  definite  schedule  of  compensation,  and  it  is  not  at  all  clear 
as  to  the  wisdom  of  fixing  even  a  minimum  limit  on  the  highest  grades 
of  service  or  of  keeping  the  maximum  of  one  grade  below  the  minimum 
of  the  grade  above,  all  of  which  questions  are  now  receiving  its  serious 
consideration,  as  is  also  the  question  concerning  the  provision  to  be 
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made  for  advancing  within  the  limits  of  a  grade,  for  which  a  plan  is 
suggested  by  the  Federal  Section.  Under  this  plan  it  is  proposed  at 
yearly  intervals,  through  ratings  determined  by  a  Personnel  Board, 
to  provide  for  awarding  an  increase  in  compensation  to  three-fourths 
of  the  men  in  a  grade  receiving  less  than  the  maximum  compensation 
of  the  grade,  who  through  fitness  and  industry  have  shown  themselves 
to  be  of  increased  value  to  the  service.  Those  in  the  highest  third  of 
this  preferred  list  would  each  receive  the  maximum  rate  of  increase, 
which  under  the  proposed  scale  would  be  $480,  while  each  of  the  next 
two-thirds  would  receive  an  increase  of  $240,  the  latter  figure  corre- 
sponding with  what  would  then  be  the  average  increase  for  all  of  the 
men  in  the  grade. 

It  would  seem  to  the  Committee  that,  pending  the  completion  of 
the  investigation,  the  scale  of  compensation  herein  presented  and  the 
plan  for  promotion  within  a  grade  is  adapted  to  general  use  in  all 
branches  of  engineering  service.  The  Committee  believes,  however,  that 
a  general  discussion  of  this  question  is  desirable. 

The  chairmen  of  the  sections  of  the  Committee  are  as  follows : 
State  and  Municipal  Section,  Arthur  S.  Tuttle,  New  York  City; 
Railroad  Section,  Francis  Lee  Stuart,  New  York  City ;  Federal  Govern- 
ment Section,  John  C.  Hoyt,  Washington,  D.  C. — all  members  of 
the  Society.  The  other  members  of  the  Committee  are :  Charles  Whiting 
Baker,  New  York  City;  M.  O.  Leighton,  M.  Am.  Soc.  C.  E.,  Wash- 
ington, D.  C;  Frank  H.  Clark,  New  York  City;  Bion  J.  Arnold, 
M.  Am.  Soc.  C.  E.,  Chicago;  M.  M.  O'Shaughnessy,  M.  Am.  Soc.  C.  E., 
San  Francisco;  F.  W.  Cappelen,  M,.  Am.  Soc.  C.  E.,  Minneapolis; 
J.  S.  Conway,  M.  Am.  Soc.  C.  E.,  Washington,  D.  C,  and  0.  C.  Merrill, 
M,  Am.  Soc.  C.  E.,  Washington,  D.  C. 

Approval  Given  to  Principles  Adopted  by 
State  Reconstruction  Commission 

At  its  meeting  on  December  18th,  1919,  Engineering  Council,  on 
recommendation  of  its  Advisory  Committee  to  the  Reconstruction  Com- 
mission of  the  State  of  New  York,  approved  the  principles  of  the 
Report  of  that  Commissiofi.  reducing  187  offices,  boards,  and  commis- 
sions in  the  State  to  20  departments,  decreasing  the  number  of  elected 
executive  officers  to  three,  Governor,  Lieutenant-Governor,  and  Con- 
troller, and  proposing  a  businesslike  budget  system.  The  Secretary  was 
directed  to  forward  a  notice  of  the  approval  to  the  Reconstruction 
Commission. 

National    Department    of    Public    Works    Convention 

Alfred  D.  Flinn,  M.  Am.  Soc.  C.  E.,  and  Secretary  of  Engineering 
Council,  has  been  appointed  as  delegate  to  represent  the  Society  at 
the  Convention  of  the  National  Department  of  Public  Works  Associa- 
tion (formerly  the  Engineers',  Architects'  and  Constructors'  Conference 
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on  National  Public  Works)  on  January  13th-14th,  1920,  at  Washing- 
ton, D.  C.  This  convention  was  called  to  intensify  the  interest  in  the 
» movement  to  establish  a  National  Department  of  Public  Works  initiated 
at  the  Conference  in  Chicago  in  April,  1919,  to  broaden  the  scope  of  the 
organization,  to  discuss  procedure  and  to  adapt  future  activities  to  the 
developments  that  have  taken  place  since  the  former  Conference.  Pro- 
vision has  been  made  for  a  general  experience  meeting  on  campaign 
methods  and  problems  and  the  following  special  addresses  are  scheduled: 
"Practical  Results  to  Be  Achieved  by  a  National  Department  of 
Public  Works",  by  Representative  Prank  C.  Reavis;  "Economies 
Secured  by  Standardization  of  Construction",  by  Gen.  R.  C.  Marshall, 
Jr.,  M.  Am.  Soc.  C.  E.,  Chief  of  the  Construction  Division,  U.  S.  Army; 
"What  a  Department  of  Public  Works  Has  Done  for  Illinois",  by 
Governor  Frank  O.  Lowden. 

President   Issues   Order   Constituting    Board   of   Surveys   and   Maps 

As  a  result  of  the  conference  of  representatives  of  the  Federal  map- 
making  organizations  held  at  Washington,  D.  C,  in  September,  1919, 
following  a  letter  addressed  to  the  President  by  Engineering  Council  on 
July  1st,  1919,  requesting  such  a  conference,  the  President,  through 
the  Secretary  of  War,  has  issued  the  following  executive  order  estab- 
lishing a  Federal  Board  of  Surveys  and  Maps: 

"In  order  to  co-ordinate  the  activities  of  the  various  map-making 
agencies  of  the  executive  departments  of  the  Government,  to  standard- 
ize results,  and  to  avoid  unnecessary  duplication  of  work,  I  hereby  con- 
stitute a  Board  of  Surveys  and  Maps,  to  be  composed  of  one  representa- 
tive of  each  of  the  following  organizations : 

1.  Corps  of  Engineers,  U.  S.  Army. 

2.  U.  S.  Coast  and  Geodetic  Survey,  Department  of  Commerce. 

3.  U.  S.  Geological  Survey,  Department  of  Interior. 

4.  General  Land  Office,  Department  of  Interior. 

5.  Topography  Branch,  Post  Office  Department. 

6.  Bureau  of  Soils,  Department  of  Agriculture. 

7.  U.  S.  Reclamation  Service,  Department  of  Interior. 

8.  Bureau  of  Public  Roads,  Department  of  Agriculture. 

9.  Bureau  of  Indian  Affairs,  Department  of  Interior. 

10.  Mississippi  River  Commission,  War  Department. 

11.  LT.  S.  Lake  Survey,  War  Department. 

12.  International  (Canadian)  Boundary  Commission,  Department 

of  State. 

13.  Forest  Service,  Department  of  Agriculture. 

14.  U.  S.  Hydrographic  Office,  Navy  Department. 

"The  individual  members  of  this  Board  shall  be  appointed  by  the 
Chiefs  of  the  various  organizations  named  and  shall  serve  without 
additional  compensation. 

"The  Board  is  directed  to  make  recommendations  to  the  several 
Departments  or  to  the  President  for  the  purpose  of  co-ordinating  all 
map-making  and  surveying  activities  of  the  Government  and  to  settle 
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all  questions  at  issue  between  Executive  Departments  relating  to 
Surveys  and  Maps  in  so  far  as  their  decisions  do  not  conflict  with 
existing  laws. 

"This  Board  shall  perfect  a  permanent  organization  and  shall  hold 
meetings  at  stated  intervals,  to  which  representatives  of  the  map-using 
public  shall  be  invited  for  the  purpose  of  conference  and  advice. 

"This  Board  shall  establish  a  central  information  office  in  the 
U.  S.  Geological  Survey  for  the  purpose  of  collecting,  classifying  and 
furnishing  to  the  public  information  concerning  all  map  and  survey 
data  available  in  the  several  Government  Departments  and  from  other 
sources. 

"All  Government  Departments  will  make  full  use  of  the  above 
board  as  an  advisory  body  and  will  furnish  all  available  information 
and  data  called  for  by  the  Board. 

"So  much  of  the  Executive  Order  of  August  10,  1906,  as  grants 
additional  advisory  powers  to  the  United  States  Geographic  Board  is 
hereby  rescinded  and  these  additional  powers  are  transferred  to  the 
Board  of  Surveys  and  Maps." 

Co=operation  with  American  Institute  of  Architects 

As  a  result  of  the  following  telegram  signed  by  Mr.  E.  J.  Russell,  of 
St.  Louis,  Mo.,  dated  December  17th,  1919: 

"On  behalf  of  the  American  Institute  of  Architects  you  are  requested 
to  appoint  a  Committee  of  three  to  co-operate  with  a  similar  Committee 
from  the  Institute  for  the  purpose  of  co-operating  on  matters  of  mutual 
interest  and  benefit.  Our  Committee  has  been  appointed  and  is  ready 
to  work  at  your  convenience." 

it  was  voted  at  the  December  meeting  of  Engineering  Council: 

"That  this  invitation  be  cordially  accepted  and  that  a  committee 
of  three  be  appointed  by  the  Chair  to  co-operate  with  the  American 
Institute  of  Architects." 

Proposed  Budget  for  1920. 

On  recommendation  of  the  Executive  and  Finance  Committees,  in 
joint  meeting,  December  1st,  1919,  the  following  budget  to  carry  out  the 
work  planned  by  Engineering  Council  for  the  year  1920  was  adopted : 

Expected  Income 

Founder    Societies $12  000 

Other  member  societies 3  000 

Other   sources 30  000       $45  000 

Proposed  Expenditures 

New  York  office $12  000 

Washington  office 12  000 

Committee  on  Classification  and  Compen- 
sation of  Engineers 10  000 

Committees    5  000 

Contingencies    6  000        $45  000 
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It  was  voted  "That  Council's  budget  for  the  coming  year  be  not  less 
than  $45  000  and  that  every  possible  effort  be  made  to  raise  funds  of 
that  amount";  and,  "that  the  Secretary  be  instructed  to  control  expen- 
ditures from  time  to  time  in  accordance  with  the  tangible  income." 

Result  of  Appeal  for  Funds 

As  a  temporary  expedient,  Engineering  Council  recently  mailed  to 
50  000  engineers  an  appeal  for  funds  to  carry  on  its  work,  an  extraor- 
dinary measure  necessitated  by  present  financial  conditions  resulting 
from  the  war.  Engineers  are  expecting  much  of  Council  and  com- 
mending the  work  which  it  has  done.  In  order,  however,  that  Council 
may  continue  its  work  for  professional  welfare  and  civic  service,  not 
less  than  $45  000  are  needed  for  1920.  Of  this  amount,  $30  000,  at  least, 
must  come  from  general  contributions.  Up  to  January  7th,  1920,  a 
total  of  701  contributions  have  been  received,  amounting  to  $4  914. 
They  range  from  $1  to  $100  each,  and  average  $7,  and  have  come  from 
all  parts  of  the  country  with  practically  uniform  distribution  of  the 
contributors  over  the  various  sections. 

Military  Affairs  Committee 

Engineering  Council,  after  careful  study,  has  appointed  a  Commit- 
tee on  Military  Affairs  to  consider  the  relationships  which  can  and 
should  exist  between  the  engineering  and  scientific  technical  men  of 
the  country  and  the  country's  military  establishment,  together  with 
the  best  organization  of  the  military  establishment  to  utilize  the  coun- 
try's resources  in  technically  trained  men,  both  within  and  without 
the  military  and  naval  services.     The  members  of  the  Committee  are: 

Civilians  Who  have  not  been  in  Uniformed  Service: 
Harold  W.  Buck,  Past-President,  A.  I.  E.  E. 
Paul  G.  Brown,  M.  Am.  Soc.  C.  E. 
George    Gibbs,    Past-President,    Am.    Inst,    of    Cons.    Engrs., 

M.  Am.  Soc.  C.  E.,  A.  S.  M.  E.,  A.  I.  E.  E. 
T.  Spencer  Miller,  M.  Am.  Soc.  C.  E.,  A.  I.  M.  E.,  A.  S.  M.  E. 
Leonard  Waldo,  A.  I.  M.  E.,  A.  S.  M.  E.,  A.  I.  E.  E. 

Men  Who  have  been  in  Uniformed  Service  : 
Eoger  D.  Black,  M.  Am.  Soc.  C.  E. 
Fred  J.  Miller,  President,  A.  S.  M.  E. 
William  Barclay  Parsons,  M.  Am.  Soc.  C.  E. 
F.  A.  Snyder,  M.  Am.  Soc.  C.  E. 
George  D.  Snyder,  M.  Am.  Soc.  C.  E. 

The  Executive  Committee  of  Engineering  Council  selected  Col. 
William  Barclay  Parsons  as  Chairman  of  the  Military  Affairs  Com- 
mittee, and  the  Committee  elected  Col.  George  D.  Snyder, "  Secretary 
The  Secretary's  address  is  care  of  Jacobs  and  Davies,  30  Church  St., 
New  York  City. 


62  ITEMS  OF  INTEREST  [Society  Affairs. 

Committees  to  Consider  Types  of  Government  Contracts  and 
Payment  for  Estimating 

For  consideration  of  types  for  Government  contracts,  Engineering 
Council  has  appointed  the' following  Committee:  Arthur  P.  Davis, 
Chairman,  D.  K.  Boyd,  Harold  W.  Buck,  J.  A.  Capp,  Peter  Junkers- 
feld,  W.  M.  McFarland,  Admiral  H.  H.  Rousseau,  and  Col.  Clarence 
O.  Sherrill.  Some  Government  departments  have  given  assurance  of 
their  interest  and  co-operation  in  the  work  of  this  Committee. 

On  the  subject  of  "Payment  for  Estimating",  Engineering  Council 
has  appointed  three  conferees:  T.  L.  Condron,  Ralph  Modjeski,  and 
S.  G.  Neiler,  who  are  collaborating  with  an  equal  number  of  repre- 
sentatives each  of  the  American  Institute  of  Architects  and  the  Asso- 
ciated General  Contractors  of  America. 

Visit  of  Representative  of  National  Association  of  Italian  Engineers 

Capt.  Paul  Tuccimei,  a  member  of  the  Executive  Board  of  the  Asso- 
ciazione  Nazionale  degli  Ingegneri  Italiani  and  a  member  of  the  Italian 
Mission  to  the  International  Trade  Conference  in  the  United  States, 
visiting  the  office  of  Engineering  Council,  discussed  the  sociological 
and  industrial  problems  in  Italy,  and  those  of  engineering  organization. 
His  statements  might  have  been  those  of  an  American  about  conditions 
in  the  United  States.  The  same  subordination  of  technical  men  in 
Italy  to  politicians,  military  men  and  lawyers  has  resulted  in  the  same 
economic  and  governmental  and  military  inefficiency,  and  in  unneces- 
sarily large  loss  of  life  and  money,  in  peace  and  in  war.  The  same 
multiplicity  of  societies,  but  lack  of  real  organization,  there  as  here, 
made  the  influence  of  the  technical  men  almost  negligible  in  comparison 
with  organized  labor  and  entrenched  law  and  politics.  There  are  37 
engineering  societies  in  Italy,  all  provincial  or  local. 

Capt.  Tuccimei  served  four  years  in  the  Italian  Artillery,  on  the 
Austrian  Front.  Many  other  engineers  were  in  the  army.  As  they 
met  from  time  to  time  and  discussed  their  situation,  they  perceived 
that  their  weakness  in  peace  and  in  war  as  an  element  of  the  nation 
which  should  have  been  strongly  influential  because  of  their  knowledge, 
was  due  to  lack  of  an  organization  which  could  speak  with  the  power 
of  numbers  and  unity  of  purpose.  This  weakness  not  only  caused  loss 
to  the  nation,  but  resulted  in  low  appreciation  of  the  technical  man's 
value  to  society  and  consequent  inadequate  compensation  for  his 
services. 

Out  of  the  informal  conferences  of  civilian  engineers  in  the  army 
grew  a  determination  to  combine  all  the  engineers  and  architects  into 
one  great  National  association.  After  due  preparation,  the  scheme  was 
launched  in  April,  1919,  throughout  the  country  by  a  speaking  campaign 
before  the  societies  of  engineers  in  the  principal  cities  and  organization 
was  completed  in   May.     Definite  proposals  were  made,  also,  to  the 
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existing  provincial  and  local  societies.  By  September,  the  Associazione 
Nazionale  degli  Ingegneri  Italiani  had  4  000  members;  it  expects  to 
have  in  its  ranks  practically  all  of  the  10  000  professional  engineers 
and  architects  in  Italy.  Only  graduates  of  universities  are  eligible  to 
membership.  The  Association's  aims  are :  Larger  and  better  service  to 
the  Nation  and  to  the  community;  greater  influence  for  technical  men; 
more  adequate  compensation  for  their  services,  and  the  direction  of 
technical  projects  by  technical  men  as  employers  and  not,  as  heretofore, 
as  employees,  especially  for  after-war  reconstruction  work. 

Federation  of  existing  societies  was  attempted,  but  found  im- 
practicable because  of  the  traditions,  pride  of  existence  and  rivalries 
which  they  had  accumulated  in  their  thirty  to  fifty  years,  or  more,  of 
life.  It  is  expected  that  the  old  societies  will  all  become  parts  of  the 
new  Association  by  merging  their  membership  and  accepting  the  con- 
stitution and  by-laws  of  the  Association,  of  which  they  will  be  sections. 

Engineers   in   the   1920   United   States   Census 

As  a  result  of  Engineering  Council's  request  to  the  Director  of  the 
Census,  the  National  Service  Committee  has  beeii  successful  in  effect- 
ing a  reclassification  of  engineers  so  that  all  technical  engineers  will 
be  listed  as  such,  separately  and  distinctly  from  the  non-technical  en- 
gineers. Thus,  the  next  census  will  bring  an  enumeration  of  all 
technical  engineers  together  as  one  unit  under  the  main  headings  of 
Civil,  Mechanical,  Electrical  and  Mining.  Architects  will  also  be 
enumerated  separately. 

The  Steel  Basing  Point 

As  a  result  of  further  hearings  before  the  Federal  Trade  Commis- 
sion, it  has  been  conceded  that  there  will  be  no  abolition  of  the  long 
established  practice  of  using  Pittsburgh  as  a  steel  basing  point.  The 
interests  that  favor  a  single  price  basing  point,  notably  the  Western 
Association  of  Rolled  Steel  Consumers,  base  their  claim  on  the  allega- 
tion that  the  practice  of  using  Pittsburgh  is  in  violation  of  the  Clay- 
ton Act.  This  group  has  attempted  to  show  that  they  pay  a  fictitious 
rate  on  fictitious  transportation  from  Pittsburgh  on  steel  produced 
through  the  Western  District  and  for  this  reason  they  claim  that  they 
ore  unable  to  compete  in  the  Eastern  market,  whereas  the  Eastern 
fabricators  can  place  their  products  in  the  Chicago  market  on  an  even 
competitive  basis.  They  declare  that  the  public  was  taxed  $30  000  000 
a  year  through  increased  prices  of  manufactured  steel. 

Counsel  for  the  Steel  Corporation  showed  that  since  Chicago  pro- 
ducers can  only  supply  one-half  of  the  Chicago  demand,  the  Pittsburgh 
price  must  dominate  since  it  supplies  the  other  haK.     There  would  be 
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no  advantage  to  the  Chicago  producers  in  selling  at  less  than  the  Pitts- 
burgh price  when  they  could  not  profit  by  any  extra  demand  so  created. 
They  naturally  sell  at  the  market  price,  which  is  the  Pittsburgh  level. 
When  producers  can  supply  all  the  requirements  of  their  own  territory, 
the  Pittsburgh  basing  point  will  cease  as  a  result  of  natural  laws.  Other 
important  steel  producers  have  given  testimony  substantiating  these 
claims. 

Highway  Legislation 

The  original  bill  proposing  to  create  a  National  highway  system 
controlled  by  a  Federal  Highway  Commission,  which  was  proposed  by 
Senator  Townsend,  has  been  practically  abandoned  because  of  the 
opposition  which  has  developed.  It  is  now  believed  that  any  plan  for 
National  highways  constructed  directly  by  the  Federal  Government 
will  be  unpopular  with  the  States  because  only  a  limited  portion  of  the 
State  will  be  benefited  directly  by  such  highways.  Further,  the  Govern- 
ment with  its  road  building  activities  would  be  in  competition  with 
the  States  and  the  counties.  It  is  believed  that  it  will  be  easier  for 
the  Federal  Government  to  hold  the  States  up  to  a  standard  rather 
than  to  attempt  to  maintain  the  standard  through  its  own  work. 

Another  highway  bill  which  proposes  a  National  Highway  Depart- 
ment and  Highway  Commission  has  been  introduced  into  the  House,, 
which  aims  to  do  away  with  the  defects  which  have  become  apparent 
in  the  Townsend  bill.  It  will  bring  the  control  of  highway  work  more 
closely  under  the  control  of  the  States,  at  the  same  time  giving  enough 
Federal  supervision  to  insure  co-ordination  and  standardization  in  the 
work.  The  States  are  to  be  divided  into  ten  regional  areas  with  cor- 
responding Regional  Congresses  having  direct  control  of  the  work  ia 
their  region,  but  under  the  general  direction  of  the  National  High- 
way Commission. 

For  the  purpose  of  carrying  out  the  provisions  of  this  new  act  and 
as  an  initial  appropriation  for  the  creation  of  a  National  Department  of 
Highways,  the  new  bill  proposes  to  appropriate  $10  000  000.  The  Secre- 
tary of  Highways  would  receive  $12  000  per  year,  and  each  National 
Highway  Commissioner  would  receive  $6  000  per  year. 

Estimates  for  Public  Works — Fiscal  Year  1920 

The  Secretary  of  the  Treasury  has  approved  and  forwarded  to- 
Congress  estimates  for  next  year  which  total  the  unusually  large  sima. 
of  $283  921  810.  The  appropriations  for  public  works  during  the  fiscal 
year  1920  total  $93  872  092.  The  estimates  for  work  of  particular  in- 
terest to  engineers  and  constructors  are  as  follows: 

Construction  of  Government  buildings,  including  purchase  of  sites,. 
$1332  775;  marine  hospitals  and  quarantine  stations,  $5  204  621;  forti- 
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fications,  $117  793  330;  military  posts,  $14  225  251;  rivers  and  harbors, 
$53  659  265 ;  Navy  yards  and  stations,  $20  606  000 ;  Panama  Canal  con- 
struction and  maintenance,  $18  245  391;  depots  for  coal  and  other 
fuels,  $2  335  000;  Reclamation  Service,  $20134  000;  $725  000  special 
appropriation  for  a  fuel  inspection  system ;  $1  865  880  for  the  Bureau 
of  Mines;  $2  592  920  for  the  Geological  Survey,  and  $3  000  000  (ap- 
proximately) for  the  Bureau  of  Standards. 

Continuance  of   Construction   Division 

At  the  time  hearings  were  being  held  on  the  subject  of  Army 
reorganization,  the  Chairman  of  the  National  Service  Committee  of 
Engineering  Council  addressed  the  Military  Affairs  Committee  of  both 
Houses  and  Gen.  Pershing,  directing  their  attention  to  the  splendid 
record  of  the  Construction  Division,  and  urged  that  this  Division  be 
continued  in  substantially  its  present  form  so  that  it  vi^ill  be  enabled 
to  carry  on  the  work  that  has  been  started,  in  the  same  efficient  manner. 
Replies  from  the  Chairmen  of  both  Committees  indicated  that  they 
realized  the  value  of  the  Construction  Division  under  its  present 
oiganizatiou  and  showed  that  they  personally  were  in  favor  of  main- 
taining this  Division  intact. 

There  is  still  a  good  chance  that  the  Military  Affairs  Committees 
of  both  Houses  will  recognize  it  as  a  separate  corps.  The  officials  of 
the  Construction  Division  and  practically  all  civil  engineers  who  have 
had  work  with  the  Division  in  the  various  parts  of  the  country  desire 
that  such  action  be  taken.  It  is  the  general  belief  that  the  efficiency 
of  the  Construction  Division  will  be  impaired  if  it  is  returned  to  the 
Quartermaster  General's  Department  or  made  a  part  of  the  Engineer 
Corps. 

The  points  made  against  incorporating  the  Construction  Division 
in  the  Engineer  Corps  or  returning  it  to  the  Quartermaster's  Depart- 
ment were  that  engineers  are  the  first  to  be  sent  to  the  front,  whereas 
the  duties  of  the  Construction  Division  are  at  training  camps,  supply 
depots,  etc.,  some  distance  from  the  actual  fighting.  Thus,  it  would 
be  far  removed  from  its  administration,  beside  which  such  men  do  not 
have  the  kind  of  technical  training  that  is  required  in  the  construction 
work.  If  the  Construction  Division  was  returned  to  the  Quartermaster 
Department  it  would  soon  swallow  up  that  department,  especially  if  the 
I-iroposed  construction  programme  of  the  Army  is  carried  out. 

The  bill  proposed  by  the  General  Staff  is  dead  from  a  legislative 
standpoint,  as  is  the  Dent  bill  and  other  drafts  made  along  the  lines 
of  the  General  Staff  bill.  The  Military  Affairs  Committees  are  drafting 
entirely  new  Army  reorganization  bills  which  it  is  expected  will  be 
introduced  in  the  respective  Houses  shortly. 
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The  Movement  for  a  Mental   Hygiene  of  Industry 

In  February,  1919,  Engineering  Foundation  undertook  to  support  a 
limited  study  by  Dr.  E.  E.  Southard,  Director,  Massachusetts  State 
Psychiatric  Institute,  of  mentally  abnormal  persons  in  industry.  The 
Massachusetts  Department  of  Mental  Diseases,  The  National  Commit- 
tee for  Mental  Hygiene,  and  the  Permanent  Charity  Fund,  of  Boston, 
have  co-operated.  The  preliminary  paper  of  a  series,  an  introductory 
statement  on  the  nature  of  this  study,  prepared  by  Dr.  Southard,  has 
been  published  substantially  in  full  in  the  February  issue  of  Industrial 
Management  and  in  the  January  issue  of  Mental  Hygiene  under  the 
title  "The  Movement  for  a  Mental  Hygiene  of  Industry".  Engineering 
Foundation  has  reserved  the  rights  of  publication. 

This  new  development  in  the  analysis  of  certain  definite  modern 
tendencies  in  industrial  relations  is  treated  by  Dr.  Southard  from  the 
basis  of  the  achievements  of  psychologists,  physicians  and  social  work- 
ers during  the  War.  He  defines  "mental  hygiene"  as  a  term  coming 
into  general  use  to  cover  the  expert  activities  of  pyschiatrists  (medical 
raen  interested  in  problems  of  mental  disease,  including  the  mildest 
forms  of  temperamental  deviation)  and  gives,  as  the  keynote  of  this 
systematic  attack  on  industrial  personnel  problems  by  means  of  mental 
hygienic  data  and  methods,  the  pooling  and  co-operative  combination 
of  expert  engineering  interest  with  expert  medical,  psychological  and 
sociological  interests.  He  asks  why  industrial  managers  should  not 
seek  the  aid  of  (a)  those  who  can  measure  mental  capacities,  (h)  those 
who  are  specialists  in  temperament,  and  (c)  others  capable  of  helping 
to  trace  out  the  actual  situation,  for  example,  in  labor  turnover. 

The  other  papers  of  the  series  are  to  be  entitled,  as  follows: 
"Specifications  for  Clinics  to  Demonstrate  to  Employment  Managers 
Certain  Useful  Points  in  Character  and  Temperament" ;  "Analysis  of 
a  Further  Series  of  Psychopathic  Employees,  with  an  Account  of  Suc- 
cess and  Failure  in  Their  Placement" ;  "Bibliography  with  Comment" ; 
"The  Utility  in  Industrial  Problems  of  the  Modern  Specialist  in 
Grievances",  and  "A  Comparison  of  Tendencies  to  Violence  Shown  in 
Industry  with  Like  Tendencies  in  the  Insane". 

Engineering   Foundation   Appeals   for   Funds 

A  letter  from  W.  F.  M.  Goss,  Chairman  of  The  Engineering  Foun- 
dation, calls  attention  to  the  Progress  Eeport  of  the  Foundation  Board, 
and  appeals  to  the  Founder  Societies  to  help  increase  the  endowment 
fund  of  $300  000,  donated  by  Ambrose  Swasey,  to  at  least  $500  000. 
He  believes  the  Foundation  should  look  forward  to  a  growth  in  its 
endowment  at  a  rate  of  not  less  than  a  half  million  dollars  a  year  for 
the  next  five  years,  and  asks  whether  there  are'  not  other  engineers,  like 
Mr.  Swasey,  who  will  find  satisfaction  in  having  a  part  in  the  upbuild- 
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ing  of  a  permanent  organization  for  the  advancement  of  the  profession 
of  engineering  and  the  good  of  mankind.  He  outlines  briefly  the 
Foundation's  work,  as  follows : 

"It  contributed,  for  a  considerable  period,  its  full  strength  to  the 
support  of  the  National  Research  Council,  an  organization  then  in  its 
formative  period  and  without  support,  and  which  now  commands  the 
assistance  of  many  different  agencies  and  functions  in  many  different 
fields. 

"It  collaborated  with  the  National  Research  Council  in  working  out 
a  basis  for  future  co-operation  which  now  seems  to  assure  the  harmoni- 
ous development  of  both  organizations. 

"When  the  nation  was  at  war,  it  conducted  tests  in  co-operation 
with  the  Committee  on  Submarine  Detection,  to  determine  the  value 
of  a  veil  of  spray  in  reducing  the  visibility  of  ships  at  sea,  v\^ith  results 
which  have  been  formally  reported. 

"As  represented  by  Messrs.  Woodard,  Porter  and  Townley,  it  con- 
ducted a  careful  inquiry  concerning  the  practicability  and  advisability 
of  establishing  a  hydraulic  station  for  testing  large  water  wheels. 

"It  formulated  a  proposal  to  the  several  Founder  Societies  to  under- 
take along  the  broadest  possible  lines,  with  the  aid  of  highly  qualified 
experts  and  in  co-operation  with  all  agencies  willing  to  help,  a  study 
of  engineering  society  organization  for  the  purpose  of  developing  a 
possible  procedure  or  series  of  procedures  of  such  evident  merit  that 
they  would  appeal  to  those  who  are  likely  to  be  most  interested. 

"It  is  now  conducting  under  the  direction  of  Professors  Guido  Marx 
and  Lawrence  E.  Carter,  an  investigation  concerning  the  wear  of  gears. 

"It  is  now  conducting  under  the  general  direction  of  Dr.  Michael 
I.  Pupin,  experiments  covering  methods  proposed  for  the  secret  directive 
control  erf  wireless  communication. 

"It  is  now  conducting  in  co-operation  with  Mr.  Clemens  Herschel, 
experiments  covering  certain  unsolved  factors  in  the  behavior  of  water 
and  other  liquids  in  passing  over  weirs. 

"It  is  now  conducting  in  co-operation  with  Dr.  E.  E.  Southard,^  a 
preliminary  investigation  as  to  the  part  played  by  mental  abnormalities 
in  industry. 

"It  is  now  assisting  the  Division  of  Engineering,  National  Research 
Council,  in  a  series  of  preliminary  investigations  concerning  the_ desir- 
ability of  researches  along  several  different  specific  fields  of  activity. 

"It  is  now  co-operating  with  the  University  of  Illinois^  as  rep- 
resented by  Professor  H.  F.  Moore,  in  advancing  with  the  utmost 
rapidity,  the  important  researches  which  he  has  in  hand  on  the  Fatigue 

Phenomena  of  Metals." 

• 

Agreement  for  Research  in  Fatigue  of  Metals 

In  order  to  carry  out  the  programme  for  a  co-operative  investigation 
of  the  fatigue  phenomena  of  metals,*  articles  of  agreement  have  been 
entered  into  between  the  University  of  Illinois,  the  Engineering  Foun- 
dation, and  the  National  Research  Council.  The  agreement  is  executed 
for  a  period  of  two  years  beginning  November  1st,  1919,  and  provides 
that  the  University  will  delegate 'Prof .  H.  F.  Moore,  or  some  other 
*  Proceedings,  Am.  Soc.  C.  E.,  Oct.-Nov.-Dec,  1919,  p.  956. 
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competent  person  should  his  connection  with  the  University  cease,  to 
supervise  and  direct  all  experimental  work  and  the  computation  and 
reduction  of  all  results  obtained,  together  with  the  placing  of  these 
data  into  form  for  presentation. 

To  finance  this  work,  Engineering  Foundation  paid  $9  000  to  the 
University  on  November  15th,  1919,  and  is  to  pay  $3  000  quarterly  up 
to  and  including  August  15th,  1921.  The  necessary  special  apparatus 
may  be  purchased  and  shall  remain  the  property  of  Engineering  Foun- 
dation until  disposed  of  by  its  direction.  The  Committee  on  the 
Fatigue  Phenomena  of  Metals  of  the  National  Research  Council  shall 
constitute  the  Advisory  Committee  in  developing  the  test  programme 
and  the  conduct  of  the  investigation,  although  the  actual  conduct  of 
the  tests  shall  be  under  the  control  of  the  Engineering  Experiment 
Station  of  the  University,  and  the  latter  is  to  have  the  right  to  publish 
the  results  as  a  bulletin  of  the  Station.  In  addition,  the  Station  is  to 
prepare  a  brief,  comprehensive  statement  regarding  the  investigation, 
suitable  for  publication  in  the  journals  of  the  Engineering  Societies. 

Provision  is  made  to  allow  publication  by  the  Engineering  Founda- 
tion and  the  National  Research  Council  in  case  the  University  is 
unwilling  to  proceed  with  the  publication  of  the  results  within  a 
reasonable  time.  The  manuscript  is  to  be  approved  by  the  Advisory 
Committee,  the  Engineering  Foundation,  and  the  National  Research 
Council,  except  that  the  University  can  proceed  with  the  publication 
if  this  approval  is  not  given  within  a  reasonable  time.  Research 
assistants,  etc.,  are  to  be  employed  by  the  University  and  paid  out  of 
the  fund  provided  by  the  Foundation,  payments  by  the  latter  to  be 
deferred,  however,  if  progress  and  disbursements  are  not  as  rapid  as 
the  quarterly  rate  of  payment  agreed  upon. 

Engineering  Societies  Employment  Bureau 

A  statistical  statement  of  the  activities  of  the  Engineering  Societies 
Employment  Bureau,  of  which  Walter  V.  Brown  is  Manager,  shows 
that  during  the  year  from  December  1st,  1918,  to  December  1st,  1919. 
a  total  of  5  377  men  were  registered  and  of  these  1  256  are  reported  as 
placed.  The  total  number  of  positions  registered  as  available  was  2  495, 
and  502  are  reported  as  open,  the  report  being  dated  November,  1919. 
The  distribution  among  the  four  Founder  Societies  is  given  as  follows : 

Society  Registered        Placed 

Civil    Engineers 507  104 

Mining   Engineers 279  .60 

Mechanical    Engineers 975  265 

Electrical  Engineers 521  105 

Total  Members 2  282  534 

Non-members ,. 3  095  722 

Grand   Total 5  377  1256 
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It  is  pointed  out  that  the  iSgures  given  for  men  placed  are  based 
upon  the  best  obtainable  data  at  hand,  are  approximate  only,  and  are 
much  lower  than  they  should  be  because  of  the  great  difficulty  of 
getting  reports  of  placements. 

The  governing  bodies  of  the  four  Founder  Societies  have  directed 
that  the  appropriation  for  the  year  1920  for  employment  activities  be 
separated  from  the  appropriation  for  Engineering  Council,  and  that 
the  employment  activities  be  conducted  directly  by  the  Societies  under 
the  supervision  of  their  respective  secretaries,  in  accordance  with  the 
practice  in  force  for  many  years  prior  to  the  war. 

Engineering  Journals  Adopt  Standard  Magazine  Size 

With  the  issues  of  January,  1920,  two  of  the  Founder  Societies — 
the  American  Institute  of  Electrical  Engineers  and  the  American 
Institute  of  Mining  and  Metallurgical  Engineers — have  enlarged  their 
monthly  publications  to  standard  9  by  12-in.  magazine  size  and  changed 
their  policy  in  presenting  a  record  of  Society  activities.  All  the 
Founder  Societies  except  the  Civil  Engineers  have  now  adopted  the 
common  standard,  and  are  accepting  advertising  as  a  substantial  addi- 
tion to  the  income  to  help  defray  the  cost  of  publication. 

In  Mining  and  Metallurgy,  the  technical  papers  are  inserted  as 
pamphlets  6  by  9  in.  in  size,  numbered  as  sections  to  comply  with  the 
postal  regulations.  These  papers  can  then  easily  be  filed  for  reference 
or  for  binding  with  other  material  on  any  given  subject.  The  new 
form  gives  opportunity  properly  to  use  and  display  the  many  valuable 
papers  presented  at  the  meetings  of  Local  Sections  and  not  becoming 
part  of  the  Transactions.  Abstracts  from  important  papers  in  current 
periodicals,  domestic  and  foreign,  are  made  a  feature  of  the  publication, 
which  in  its  first  number  has  set  a  high  standard  for  the  future. 

The  Journal  of  the  American  Institute  of  Electrical  Engineers, 
formerly  its  Proceedings,  in  its  new  size  and  dress  has  also  set  a  high 
standard,  and  is  one  result  of  the  work  of  the  Institute's  Committee 
on  Development,  based  upon  the  response  of  the  membership  to  the 
Committee's  request  for  suggestions.  The  new  Journal  will  include 
not  only  the  material  similar  to  that  heretofore  published  and  consisting 
principally  of  engineering  and  theoretical  papers  and  discussions,  but 
additional  matter  relating  to  progress  in  the  art  of  electrical  engi- 
neering selected  with  the  object  of  publishing  in  each  issue  something 
that  will  appeal  to  each  reader. 

Many  other  professional  Societies  have  adopted  substantially  the 
same  size,  including  the  Institution  of  Electrical  Engineers  of  Great 
Britain,  the  Engineering  Institute  of  Canada,  the  American  Chemical 
Society,  and  the  Society  of  Automotive  Engineers,  as  well  as  the 
American  Society  of  Mechanical  Engineers. 
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Engineers'  Club  of  Lansing,  Mich. 

Followiiip:  a  meetine:  called  on  October  29th,  1919,  the  engineers  of 
Lansing,  Mich.,  formed  the  Engineers'  Club  of  Lansing,  which  has  met 
five  times  during  the  Fall,  with  an  average  attendance  of  75.  The 
membership  is  not  limited  to  members  of  the  Founder  Societies,  but 
embraces  all  grades  of  engineers.  It  is  hoped  that  the  organization 
will  develop  along  the  lines  recommended  by  the  Committee  on  Devel- 
opment of  the  Society.  The  following  officers  were  elected  for  the 
coming  year: 

President,  0.  E.  Eckert.  Assoc.  M.  Am.  Soc.  C.  E.,  City  Engineer, 
Lansing;  Vice-President,  C.  E.  Bement,  Vice-President  and  General 
Manager,  Novo  Engine  Company,  Lansing;  Secretary-Treasurer,  F.  L. 
Radford,  Assistant  Engineer,  Reo  Motor  Car  Company,  Lansing; 
Directors,  E.  D.  Rich,  M.  Am.  Soc.  C.  E.,  State  Sanitary  Engineer,  and 
G.  W.  Bissell,  Dean  of  Engineering,  Michigan  Agricultural  College, 
Lansing, 

American    Engineering    Standards    Committee 

At  the  annual  meeting  of  the  American  Engineering  Standards 
Committee,  A.  A.  Stevenson  was  elected  Chairman  and  G.  C.  Stone, 
Vice-Chairman  for  the  coming  year.  Dr.  P.  G.  Agnew,  formerly 
Assistant  Physicist  of  the  United  States  Bureau  of  Standards,  ac- 
cepted the  position  of  Secretary,  his  duties  to  begin  on  December  15th, 
1919.  The  resignation  of  the  former  Chairman,  Comfort  A.  Adams 
was  accepted  "with  many  regrets  and  with  heartfelt  thanks  for  the 
excellent  way  in  which  he  had  guided  the  aifairs  of  the  Committee 
since  its  inception".  The  further  hope  was  expressed  that  his  new  duties 
with  The  National  Research  Council  as  Chairman  of  the  Division  of 
Engineering  would  permit  continued  co-operation  in  the  future. 

Following  the  reading  of  a  letter  from  the  Association  of  American 
Steel  Manufacturers  requesting  the  appointment  of  sponsor  bodies  for 
the  standardization  of  rolled  structtiral  sections,  the  Committee  voted: 
"that  the  American  Society  of  Civil  Engineers,  The  Association  of 
American  Steel  Maniifacturers,  the  American  Railway  Association  and 
the  Society  of  Naval  Architects  and  Marine  Engineers  be  invited  to 
accept  sponsorship  for  the  formulation  of  standards  of  rolled  struc- 
tural sections." 

EUROPEAN  NOTES 

The  foUoiving  notes  relative  to  reconstruction;  etc.,  in  Belgium  and 
France,  and  industrial  progress,  etc.,  in  Great  Bntain  and  elseivhere, 
have  teen  contributed  hy  W.  E.  Woolley,  Assoc.  M.  Am.  Soc.  C.  E.,  of 
London,  England,  who  is  also  a  Corresponding  Memher  of  the  Associa- 
tion of  Liege   (Belgium)   Architects. 
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Additional    Organizations    for    Engineers   and    Architects,    England 

An  additional  society  for  engineers,  called  the  "Society  of  Technical 
Engineers",  was  founded  during  the  Late  War,  in  London.  All 
technically  trained  engineers,  whether  civil,  mechanical,  electrical, 
municipal,  etc.  are  eligible  for  membership.  The  main  object  of  the 
society  appears  to  be  to  protect  the  interests  of  the  technically  trained 
professional  engineer. 

Two  additional  architectural  organizations  have  lately  sprung  into 
existence,  one  of  them,  the  "Official  Architects'  Association",  held  its 
first  general  meeting  on  December  1st,  1919,  with  Mr.  W.  E.  Riley, 
late  Superintending  Architect,  London  County  Council,  as  its  first 
president.  The  Association  is  formed  to  serve  a  longfelt  want  by 
architects  engaged  in  official  positions.  The  second  organization,  "The 
Architects'  and  Surveyors'  Assistants'  Professional  Union",  at  a  meet- 
ting  held  on  December  5th,  1919,  adopted  its  constitution  and  rules, 
as  prepared  by  the  London  Executive  Committee.  It  is,  in  reality,  a 
welfare  union  of  assistants. 

Steel  Houses 

Mr.  Bonar  Law  recently  stated  that  the  British  Government  was 
considering  the  practicability  of  the  erection  of  steel  houses,  and  that 
experiments  of  this  nature  are  to  be  carried  out. 

The  Tunnel  Under  the  British  Channel 

Sir  Arthur  Fell  declared  to  the  Aldwych  Club,  that  the  War  De- 
partment is.  favorable  to  the  construction  of  the  tunnel  under  the 
Channel,  although  it  does  not  wish  to  declare  itself  to  Parliament. 

He  foresees  the  daily  departure  of  an  express  from  Charing  Cross 
(London)  to  Bagdad,  about  fifteen  years  hence. 

Exchange    of    Students 

It  has  been  announced  in  La  Metropole,  Antwerp,  that  there  is  a 
proposal  for  an  exchange  between  American  and  Belgian  students,  the 
former  coming  to  make  their  studies  in  Belgium,  the  latter  to  enter 
the  Universities  of  Princeton,  Harvard,  Johns  Hopkins,  Stanford,  etc. 
This  has  been  done  through  the  initiative  of  H.  C.  Hoover,  M.  Am. 
Soc.  C.  E.,  who  has  formed  in  the  United  States  a  commission  to  devote 
its  attention  to  these  exchanges.  A  committee  has  been  formed  like- 
wise in  Brussels,  under  the  presidency  of  M.  Franqui,  Secretary  of  State. 

About  200  American  students  have  asked  to  come  to  Belgium.  A 
call  will  be  sent  to  the  Belgian  Universities  for  those  who  would  wish  to 
complete  their  studies  in  America. 
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Reconstruction  in  the  Devastated  Regions 

To  the  list  of  community  stores  finally  established  should  be  added 
those  of  Avelghem,  Surice,  Nieuport,  and  Westende.  Many  other  stores 
will  be  established,  notably  in  Dixmude  and  in  the  south  of  the  Province 
of  Luxembourg. 

The  purchases  of  wood  from  the  Service  of  Recuperation  are  proceed- 
ing. These  materials  will  be  given  to  the  Office  of  Devastated  Regions 
at  an  average  low  price  of  150  francs  per  cu.  m.  taken  from  the  timbei* 
yard;  140  000  cu.  m.  are  already  acquired  and  it  is  probable  that  this 
quantity  may  be  increased  to  200  000  cu.  m.  In  addition  to  the  wood, 
the  Service  of  Recuperation  has  ceded  a  large  quantity  of  iron  of  all 
kinds  at  the  price  of  about  350  francs  per  ton.  The  community  stores 
can,  from  the  present  time,  fix  the  quantities  of  the  materials  which 
they  wish  to  recover. 

The  Office  of  Devastated  Regions  is  assured  also  the  supply  of  at 
least  8  000  000  tiles  at  much  lower  prices  than  those  on  the  market. 

French   Society   of   Civil    Engineers 

At  a  meeting  of  French  engineers  resident  in  England,  held  on  No- 
vember  24th,  1919,  at  the  Royal  Society  of  Arts,  Adelphi  Street,  London, 
a  British  Section  of  the  "Societe  des  Ingenieurs  Civils  de  France"  was 
inaugurated.  This  promises  to  be  a  great  success.  Representatives  of 
nearly  all  the  British  Engineering  Societies,  and  other  Scientific 
Societies  were  present.  A  sessional  programme  has  been  drawn  up, 
and  it  is  likely  that  the  proceedings  will  be  bi-lingual.  C.  H.  Wording- 
ham,  C.  B.  E.,  M.  Inst.  C.  E.,  etc.,  is  Honorary  President,  and  T.  J. 
Gueritte,  President. 

BRIEF  NOTES 

As  a  result  of  the  recommendations  of  the  Committee  on  Develop- 
ment of  the  American  Institute  of  Electrical  Engineers  and  a  petition 
presented  by  over  100  New  York  members  to  its  Board  of  Directors,  a 
special  meeting  was  called  on  December  10th,  1919,  and  a  New  York 
Section  of  the  Institute  was  organized.  By-laws  similar  to  those  of  the 
other  thirty-four  Sections  of  the  Institute  were  adopted. 

In  view  of  the  great  part  the  Universities  of  the  United  States  and 
Great  Britain  are  taking,  and  must  increasingly  continue  to  take,  in 
the  problems  of  reconstruction,  the  following  passage  from  "Joan  and 
Peter",  by  H.  G.  Wells,  is  interesting:  "Instead  of  the  University 
passant  regardant,  we  want  the  University  militant.  We  want  Univer- 
sities all  round  and  about  the  world,  associated,  working  to  a  common 
end,  drawing  together  all  the  best  minds  and  the  finest  wills,  a  myriad 
of  multi-colored  threads,  into  one  common  web  of  a  world." 
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The  Wall  Street  Journal  announces  that  the  automobile  output  in 
France  in  1920  will  reach  200  000  cars,  compared  with  30  000  in  1914, 
exclusive  of  commercial  trucks,  and  states  that  the  supply  cannot  over- 
take the  demand  even  at  the  present  rate  of  production  and  after 
absorption  of  150  000  American  Army  cars. 

Correspondence  from  London  states  that  Great  Britain  has  realized 
$555  000  000  from  the  sale  of  surjilus  stores  and  property  since  the 
armistice. 

The  Post  Office  Department  states  that  all  load-carrying  airplane 
records  were  broken  on  December  2d,  1919,  when  a  twin-motor  De 
Haviland-4  plane,  devised  by  and  manufactured  for  the  Department, 
covered  the  distance  between  the  air  mail  field  at  Washington  and  that 
at  Belmont  Park,  New  York,  a  distance  of  218  miles,  in  1  hour,  34  min., 
with  a  mail  load  of  nearly  30  000  letters  weighing  630  lb. 

It  is  announced  from  London  that  British  salaried  professional  men 
are  forming  a  federation  designed  to  insure  them  the  increased  income 
and  other  benefits  which  other  workers  have  gained  through  trade 
unions.  Industrial  workers  have  received  wage  increases  amounting 
to  130%  or  140%  during  the  war,  while  the  cost  of  living  has  been 
increased  128%,  according  to  organizers  of  the  Professional  Workers' 
Federation. 

The  Secretary  of  War  directs  that  the  Engineer  Corps  shall  be 
responsible  for  the  preparation  and  production  of  aerial  route  maps  and 
will  be  guided  in  such  work  by  the  technical  requirements  of  the  Air 
Service.  The  Air  Service  is  responsible  for  securing  and  furnishing 
such  aerial  data  as  may  be  needed,  and  the  two  services  are  to  confer 
in  working  out  principles  and  methods  of  producing  aerial  route  maps. 

At  a  hearing  by  the  Joint  Congressional  Commission  on  Reclassifi- 
cation of  Salaries,  a  committee  representing  Federal  employees  dis- 
closed that  the  "turnover"  in  personnel  among  the  scientific  and  tech- 
nical workers  of  the  Government  amounted  in  some  offices  to  100% 
a  year.  More  than  6  000  technical  and  scientific  workers  in  the  Govern- 
ment service  at  Washington  were  represented  by  the  Committee. 

The  Director  of  Sales  of  the  U.  S.  War  Department,  carrying  out 
the  desire  of  the  Government  to  assist  in  the  rehabilitation  of  French 
industries,  especially  those  located  in  devastated  regions  of  France,  has 
entered  into  contract  with  the  French  Republic,  under  the  terms  of 
which  the  French  Government  is  permitted  to  purchase  $25  000  000 
worth  of  machine  tools  from  surplus  stocks  of  such  tools  held  by  the 
War  Department  in  the  United  States.  The  French  Government  is  to 
pay  for  such  machine  tools  as  it  may  purchase  in  ten-year  5%  bonds 
of  the  French  Republic  which,  at  maturity,  are  payable  in  dollars  at 
Washington  in  the  gold  coin  of  the  United  States. 
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The  U.  S.  Geological  Survey  states  that  several  factors  have  com- 
hiried  to  put  added  emphasis  on  the  country's  need  of  an  adequate  large- 
scale  map  of  its  whole  territory.  With  nearly  60%  of  the  area  of  the 
country  totally  unmapped,  aiid  with  the  Geological  Survey,  the  largest 
mapping  organization  in  the  country,  surveying  only  about  40%  of  the 
area  in  40  years,  the  logical  demand  is  for  more  speed.  If  these  maps 
are  to  serve  their  full  purpose  in  promoting  national  development,  the 
whole  country  should  be  mapped  within  the  next  decade.  The  esti- 
mated cost  of-  this  mapping  programme  is  $40  000  000,  including  costs 
of  revising  the  older  surveys. 

The  Joint  Congressional  Commission  on  Reclassification  of  Salaries 
announced  on  January  5th,  1920,  that  the  permanent  tribunal  to  adjust 
wages  and  working  conditions  of  Government  employees  in  Washing- 
ton will  be  the  Civil  Service  Commission.  It  was  also  stated  that  it 
V  ill  recommend  that  the  Commission  be  enlarged  and  that  the  reclassi- 
fication system  be  extended  to  include  the  500  000  Government 
employees. 

Fire  threatened  to  destroy  the  New  York  Engineers'  Club  on  the 
morning  of  December  12th,  1919.  The  350  members  and  guests  sleep- 
ing in  the  building  were  awakened  and  assembled  on  the  lower  floors. 
Although  the  fire  was  confined  to  the  three  upper  floors,  smoke  and 
water  caused  considerable  damage. 

A  dinner  in  honor  of  .Charles  Eugene  Schneider,  of  France,  was 
given  by  the  Mining  and  Metallurgical  Society  of  America  at  the 
Biltmore  Hotel,  New  York  City,  and  he  was  presented  with  the  gold 
medal  of  the  Society  by  H.  H.  Knox,  President,  for  distinguished  serv- 
ices in  ferrous  metallurgy.  Mr.  Schneider,  as  President  of  the  Creusot 
Works,  manufactured  the  famous  French  75's.  He  is  the  first  foreigner 
to  receive  the  Mining  and  Metallurgical  Society  Medal.  The  first 
medal  was  awarded  in  1914  to  Herbert  C.  Hoover,  M.  Am.  Soc.  C.  E., 
and  Mrs.  Hoover,  for  their  translation  of  "De  Re  Metallica". 

At  the  last  Annual  Meeting  of  the  American  Society  of  Mechanical 
Engineers  the  following  creed,  which  was  formulated  by  the  New  York 
Section,  was  adopted:  "Every  important  enterprise  must  adopt  com- 
petent productive  management,  unbiased  by  special  privilege  of  capital 
or  of  labor,  and  disputes  miist  be  submitted  to  authorities  based  upon 
intrinsic  law.  Credit  capital  represents  the  productive  ability  of  the 
community  and  should  be  administered  with  the  sole  view  to  the 
economy  of  productive  power,  that  is,  it  should  be  granted  only  to  those 
who  are  able  to  render  valuable  service." 
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ANNOUNCEMENTS 

The  Reading  Room  of  the  Society  is  open  from  9  A.  M.  to  10 
P.  M.,  every  day,  except  Sundays,  New  Year's  Day,  Memorial  Day, 
Fourth  of  July,  Labor  Day,  Thanksgiving  Day,  and  Christmas  Day; 
during  July  and  August,  it  is  closed  at  6  P.  M. 

FUTURE  MEETINGS 

February  4th,  1920. — 8.30  P.  M. — A  regular  business  meeting  will 
be  held,  and  a  paper  by  James  F.  Sanborn  and  M.  E.  Zipser,  Associate 
Members,  Am.  Soc.  C.  E.,  entitled  "Grouting  Operations,  Catskill 
Water  Supply",  will  be  presented  for  discussion. 

This  paper  is  printed  in  this  number  of  Proceedings. 

February  i8th,  1920. — 8.30  P.  M. — A  meeting  will  be  held  on  this 
evening  as  usual,  and  announcement  of  the  programme  which  is  in 
the  hands  of  the  Programme  Committee  for  Second  Meeting  of  Each 
Month,  will  be  made  later. 

March  3d,  1920.-8.30  P.  M. — This  will  be  a  regular  business  meet- 
ing. A  paper  by  Frank  G.  Jonah,  M.  Am.  Soc.  0.  E.,  entitled  ''The 
'Light  Eailways'  of  the  Battle  Front  in  France,"  will  be  presented  for 
discussion. 

This  paper  is  printed  in  this  number  of  Proceedings. 

March  17th,  1920.— 8.30  P.  M.— The  usual  meeting  will  be  held, 
and  announcement  of  the  subject  and  speaker  will  be  made  later. 

ROLL   OF   HONOR 

Now  that  the  war  is  over,  the  monthly  publication  in  Proceedings  of 
the  Roll  of  Honor  has  been  discontinued.  It  is  planned  to  publish 
in  the  Year  Book  for  1920,  for  permanent  record,  a  list  of  all  the  mem- 
bers of  the  American  Society  of  Civil  Engineers  whose  names  have 
appeared  on  this  list. 

ENGINEERING    SOCIETIES    EMPLOYMENT    BUREAU 

Engineering  Societies  Employment  Bureau,  established  December 
1st,  1918,  as  an  activity  of  Engineering  Council,  is  managed  by  a  board 
made  up  of  the  Secretaries  of  the  four  Founder  Societies,  funds  for  its 
maintenance  being  provided  by  these  Societies.  The  work  of  the 
Bureau  since  its  inception  has  been  largely  in  the  line  of  securing 
employment  for  men  retiring  from  government  war  service.  Members 
of  the  American  Society  of  Civil  Engineers  who  desire  to  register  with 
this  Bureau  should  apply  for  further  information,  registration  forms,, 
etc.,  to  Walter  V.  Brown,  Manager,  Engineering  Societies  Employment 
Bureau,  First  Floor,  Engineering  Societies  Building,  29  West  39th 
Street,  New  York  City. 
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SEARCHES  IN  THE  LIBRARY 

As  the  Library  of  the  American  Society  of  Civil  Engineers  has  been 
merged  in  the  Engineering  Societies  Library,  requests  for  searches. 
copies,  translations,  etc.,  should  be  addressed  to  the  Director,  Engineer- 
iiig  Societies  Library,  29  West  39th  Street,  New  York  City,  who  will 
gladly  give  information  concerning  the  charges  for  the  various  kinds 
of  service.  A  more  comprehensive  statement  in  regard  to  this  matter 
will  be  found  on  page  21  of  the  Year  Book  for  1919. 

PAPERS  AND  DISCUSSIONS 

Members  and  others  who  take  part  in  the  oral  discussions  of  the 
papers  presented  are  urged  to  revise  their  remarks  promptly.  Written 
communications  from  those  who  cannot  attend  the  meetings  should  be 
sent  in  at  the  earliest  possible  date  after  the  issue  of  a  paper  in 
Proceedings. 

All  papers  accepted  by  the  Publication  Committee  are  classified  by 
the  Committee  with  respect  to  their  availability  for  discussion  at 
n\eetings. 

Papers  which,  from  their  general  nature,  appear  to  be  of  a  character 
suitable  for  oral  discussion  will  be  published  as  heretofore  in  Proceed- 
ings, and  set  down  for  presentation  to  a  future  meeting  of  the  Society, 
and,  on  these,  oral  discussion,  as  well  as  written  communications,  will 
be  solicited. 

All  papers  which  do  not  come  under  this  heading,  that  is  to  say, 
those  which  from  their  mathematical  or  technical  nature,  in  the  opinion 
of  the  Committee,  are  not  adapted  to  oral  discussion,  will  not  be 
scheduled  for  presentation  to  any  meeting.  Such  papers  will  be  pub- 
lished in  Proceedings  in  the  same  manner  as  those  which  are  to  be 
presented  at  meetings,  but  written  discussions  only  will  be  requested 
for  subsequent  publication  in  Proceedings  and  with  the  paper  in  the 
volumes  of  Transactions. 

The  Board  of  Direction  has  adopted  rules  for  the  preparation  and 
presentation  of  papers,  which  Avill  be  found  on  page  35  of  the  Year 
Book  for  1919. 

LOCAL  ASSOCIATIONS  OF  MEMBERS 
OF  THE  AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

San  Francisco  Association,  Organized  1905. 

M.  M.  O'Shaughnessy,  President;  Nathan  A.  Bowers,  Secretary- 
Treasurer,  502  Rialto  Building,  San  Francisco,  Cal. 

The  San  Francisco  Association  of  Members  of  the  American  Society 
of  Civil  Engineers  holds  regular  bi-monthly  meetings,  with  banquet. 
and  weekly  informal  luncheons.  The  former  are  held  at  6  P.  M.,  at  the 
Engineers'  Club,  57  Post  Street,  on'  the  third  Tuesday  of  February, 
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April,  June,  August,  October,  and  December,  the  last  being  the  Annual 
Meeting  of  the  Associfition. 

Informal  luncheons  are  held  at  noon,  every  Wednesday,  at  the 
Engineers'  Club,  where  special  tables  are  reserved  for  members  and 
guests  of  the  Association. 

The  by-laws  of  the  Association  provide  for  the  extension  of  hospi- 
tality to  any  member  of  the  Society  who  may  be  temporarily  in  San 
Francisco,  and  any  such  member  will  be  gladly  welcomed  as  a  guest. 

(Abstract  of  Minutes  of  Meetings) 
October    21st,    19J9. — The    meeting    was    called    to    order    at    the 
Engineers'  Club ;  President  Schneider  in  the  chair ;  Nathan  A.  Bowers, 
Secretary ;  and  present,  also,  87  members  and  guests. 

The  Secretary  presented  a  communication  from  Mr.  A.  E.  Chandler, 
former  President  of  the  California  State  AVater  Commission,  in  reply 
to  the  letter  from  the  Board  of  Directors  of  the  Association  expressing 
appreciation  of  his  services  as  Water  Commissioner. 

A  letter  was  also  presented  from  Capt.  Milo  H.  Brinkley  announcing 
his  discharge  from  Army  service,  his  appointment  as  Valuation  Analyst 
with  the  Interstate  Commerce  Commission,  and  his  resignation  as  a 
member  of  the  Association. 

President  Schneider  reported  as  to  the  success  of  the  dinner  given 
to  Mr.  Herbert  C.  Hoover,  under  the  auspices  of  the  Joint  Council  of 
Engineering  Societies  of  San  Erancisco,  at  which  about  325  were 
present. 

Mr.  H.  L.  Haehl  reported  briefly  on  the  last  session  of  the  Com- 
mittee on  Development,  stating  that  its  Final  Eeport  had  been  presented 
to  the  Board  of  Direction  of  the  Society. 

Mr.  H.  J.  Brunnier,  for  the  Membership  Committee,  urged  the  co- 
.operation  of  the  membership  in  securing  new  members  for  the  Society 
and  for  the  Association. 

Mr.  E.  T.  Thurston  presented  the  need  for  prompt  action  in  regard 
to  contributions  to  the  fund  in  support  of  the  proposed  National  De- 
partment of  Public  Works  being  collected  from  the  members  of  the 
Association. 

Mr.  Jerome  Newman,  for  the  Committee  co-operating  with  the  State 
Civil  Service  Commission,  reported  that  the  Commission  was  working 
on  the  reclassification  of  the  engineering  branches  and  that  when  the 
work  was  completed  it  had  been  planned  to  have  a  joint  meeting  of 
•engineering  society  committees  to  consider  the  matter  further. 

Reporting  for  the  Entertainment  Committee,  President  Schneider 
.described  the  trip  to  the  California-Hawaiian  Sugar  Company's  plant 
and  asked  for  suggestions  as  to  other  field  trips. 

Professor  Charles  D.  Marx  stated  that  the  report  of  the  Committee 
on  Development  presented  to  the  Board  of  Direction  of  the  Society, 
had  been  referred  to  a  Special  Committee  of  the  Board  and  that  a  final 
-report  was  expected  to  be  in  the  hands  of  the  members  of  the  Society 
'by  November  15th, 

Secretary  Bowers  who  had  just  returned  from  a  trip  to  the  North- 
west, reported  on  what  he  had  found  of  interest  to  the  Association  in 
-the  activities  of  the  Engineering  Societies  of  Portland,  Seattle,  Van- 
•couver,  and  Spokane,  and,  relative  to  improving  the  work  of  the  Asso- 
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ciation,  suggested  that  at  least  one  member  of  the  Board  of  Directors 
attend  the  Wednesday  luncheons,  that  members  of  the  Association 
bring  ideas  for  discussion  to  those  luncheons,  and  that  a  little  time  be 
given  at  the  meetings  of  the  Association  to  plan  for  its  general  im- 
provement. 

President  Schneider  introduced  Mr.  M.  M.  O'Shaughnessy  who 
addressed  the  meeting  on  "The  Hetch  Hetchy  Project",  in  the  course  of 
which  he  described  the  engineer's  side  of  the  work  from  the  beginning. 

On  motion,  duly  seconded,  a  vote  of  thanks  was  extended  to  Mr. 
O'Shaughnessy  for  his  address. 

Adjourned. 

December  i6th,  1919. — The  Fifteenth  Annual  Meeting  of  the 
Association  was  held  at  the  Engineers'  Club;  President  Schneider  in 
the  chair ;  Nathan  A.  Bowers,  Secretary ;  and  present,  also,  90  members 
and  guests. 

Letters  were  presented  from  several  members  of  the  Association  who 
have  retained  their  membership  although  they  have  removed  from 
San  Francisco. 

The  Secretary  read  a  letter  transmitted  recently  by  the  Joint  Coun- 
cil of  Engineering  Societies  of  San  Francisco  to  the  Board  of  Super- 
visors, which  contained  the  following  resolution : 

"Resolved:  That  the  Joint  Council  of  Engineering  Societies  of 
San  Francisco,  representing  over  1 100  members  of  the  Engineering 
Profession,  publicly  disapproves,  and  repudiates,  the  recent  action  of 
the  Board  of  Supervisors  of  the  City  and  County  of  San  Francisco, 
criticizing  the  legal  processes  of  our  Government  rightfully  invoked 
to  prevent  the  general  strike  of  the  bituminous  coal  miners;  and 

"Further,  That  the  said  Board  of  Supervisors  be  hereby  reminded 
that  it  has  exceeded  its  authority  in  attempting  to  take  public  action 
on  a  matter  plainly  without  the  duties  for  which  it  has  been  created." 

Extracts  from  communications  and  bulletins  from  Engineering 
Council  and  from  its  National  Service  Committee  in  Washington, 
relative  to  its  various  activities,  were  presented  by  the  Secretary. 

The  report  of  the  Treasurer  for  1919  was  presented,  and  the  Secre- 
tary explained  briefly  the  causes  of  the  increased  expenditure,  such  as 
printing,  etc. 

-President  Schneider  reported  that  at  a  recent  meeting  of  the 
Board  of  Directors  of  the  Association  it  was  decided  that  hereafter  the 
space  allotted  in  Proceedings  to  the  abstract  of  the  paper  of  the  evening 
should  not  exceed  one  or  two  paragraphs,  the  remaining  space  to  be 
devoted  to  business  reports,  Association  affairs,  etc. 

In  presenting  his  report,  the  Secretary  stated  that  evidence  of  the 
interest  of  the  membership  in  the  Association  was  noticeable,  that  the 
net  gain  in  membership  in  1919  was  11,  and  that  the  total  member- 
ship is  211. 

A  letter  relative  to  the  place  for  holding  the  1920  Annual  Convention 
of  the  Society,  from  Mr.  Harry  Hawgood,  Director  from  District  No.  11, 
was  read,  and,  in  reply,  the  following  resolution  of  the  Board  of  Direc- 
tors, on  motion,  duly  seconded,  was  unanimously  adopted  by  the  meeting 
and  ordered  sent  to  Secretary  Hunt: 
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"Whereas,  The  next  Annual  Convention  of  the  American  Society  of 
Civil  Engineers  is  to  be  held  in  District  11,  and 

"Whereas,  The  larger  part  of  the  membership  of  Districts  10,  11, 
12,  and  13  is  included  in  the  Pacific  Coast  States  of  AVashington, 
Oregon,  and  California, 

"Resolved,  That  the  San  Francisco  Association  of  Members  of  the 
American  Society  of  Civil  Engineers  assembled  in  annual  meeting 
requests  that  the  Annual  Convention  of  1920  be  held  in  Los  Angeles, 
believing  that  this  will  enable  a  large  number  of  Pacific  Coast  mem- 
bers to  attend,  will  afford  an  opportunity  for  delegates  from  the  East 
to  meet  members  from  the  Pacific  Coast  and  will  promote  closer  rela- 
tions between  the  different  sections  of  the  membership." 

Mr.  Jerome  Newman,  for  the  Civil  Service  Committee,  reported 
progress  in  connection  with  its  work  with  the  State  Civil  Service 
Commission. 

Mr.  C.  E.  Grunsky  reported  that  Professor  Charles  D.  Marx  had 
been  appointed  as  Chairman  of  a  State  Committee  to  collect  funds  to 
further  the  proposed  organization  of  a  National  Department  of  Public 
Works,  and  asked  for  contributions. 

President  Schneider  discharged  with  thanks  the  Committees  on 
Membership,  Entertainment,  Public  Relations,  and  Development. 

Professor  Marx  reviewed  briefly  the  recent  activities  of  the  Joint 
Council  of  Engineering  Societies  of  San  Francisco  for  the  benefit  of 
the  membership. 

It  was  announced  that  a  special  meeting  of  the  Association  would 
be  held  at  the  Engineers  Club  on  January  20th,  1920,  to  discuss  with 
O  E.  Meinzer,  Chief  of  the  Ground-Water  Division,  of  the  U.  S. 
Geological  Survey,  a  glossary  of  terms  pertaining  to  grovind-water,  at 
which  Mr.  Charles  H.  Lee  would  preside. 

Plans  for  an  Engineering  Building  in  San  Francisco  were  discussed 
briefly  by  Mr.  E.  C.  Hutchinson. 

President  Schneider  appointed  Messrs.  Lee,  McWethy,  Bolin,  Holly, 
and  Saph,  as  tellers  to  canvass  the  ballot  for  officers  for  the  ensuing 
year.  The  following  officers  were  elected :  President,  M.  M.  O'Shaugh- 
nessy;  First  Vice-President,  F.  E.  Muhs;  and  Second  Vice-President, 
W.  L.  Huber. 

Mr.  Francis  Betts  Smith  presented  a  paper  entitled  ''Building  the 
Pearl  Harbor  Dry  Dock",  illustrating  his  description  of  the  work  with 
lantern  slides.  The  subject  was  discussed  further  by  Messrs.  S.  G. 
Hindes,  J.  D.  Galloway,  and  others. 

Adjourned. 

Colorado  Association,  Organized  1908. 

W.  C.  Huntington,  President;  A.  N.  Miller,  Secretary-Treasurer, 
1400  West  Colfax  Avenue.  Denver,  Colo. 

The  meetings  of  the  Colorado  Association  of  Members  of  the  Ameri- 
can Society  of  Civil  Engineers  (Denver,  Colo.)  are  held  on  the  second 
Saturday  of  each  month,  except  July  and  August.  The  hour  and  place 
of  meeting  are  not  fixed,  but  this  information  will  be  furnished  on 
application  to  the  Secretary.     The  meetings  are  usually  preceded  by  an 


.80  AXXOUXCEMEXTS  [Society  Affairs. 

informal  dinner.  Members  of  the  American  Society  of  Civil  Engineers 
will  be  welcomed  at  these  meetings. 

Weekly  luncheons  are  held  on  Wednesday,  at  12.30  p.  M.,  at  Daniels 
and  Fisher's. 

Visiting  members  are  urged  to  attend  the  meetings  and  luncheons. 

Atlanta  Association,  Organized   1912. 

V.  H.  Kriegshaber,  President;  Howard  L.  Stillwell,  Secretary- 
Treasurer,  533  Trust  Co.  of  Georgia  Bldg.,  Care,  Southeastern  Under- 
writers' Association,  Atlanta,  Ga. 

Informal  luncheons  are  held  for  members  of  the  Association  on  the 
last  Monday  of  each  month,  at  12.30  p.  M.,  to  which  visiting  members 
of  the  American  Society  of  Civil  Engineers  will  be  welcomed.  The 
place  is  not  fixed,  but  this  information  will  be  furnished  on  application 
to  the  Secretary. 

Baltimore  Association,  Organized  1914. 

H.  G.  Perring,  President;  Charles  J.  Tilden,  Secretary-Treasurer, 
The  Johns  Hopkins  University,  Baltimore,  Md. 

Cleveland  Association,  Organized  1914. 

W.  P.  Brown,  President;  George  H.  Tinker,  Secretary-Treasurer, 
516  Columbia  Building,  Cleveland,  Ohio. 

The  regular  meetings  of  the  Association  are  held  on  the  second 
Wednesday  of  each  month,  at  12.15  p.  M.,  in  the  Rooms  of  the  Electrical 
League,  on  the  Fourteenth  Floor  of  the  Statler  Hotel.  Luncheon  is 
served  at  these  meetings,  and  visiting  members  are  invited  to  attend. 

(Abstract  of  Minutes  of  Meeting) 

December  loth,  1919. — The  meeting  was  called  to  order  at  the 
rooms  of  the  Cleveland  Engineering  Society  at  12.15  p.  m.;  President 
Richards  in  the  chair;  George  H.  Tinker,  Secretary;  and  present,  also, 
16  members. 

The  minutes  of  the  meeting  of  November  11th,  1919,  were  read  and 
approved. 

Messrs.  A.  V.  Ruggles,  C.  G.  French,  and  A.  F.  Blaser  were  ap- 
pointed as  a  ]SI'ominating  Committee  by  President  Richards. 

The  Secretary  presented  a  communication  from  the  Ohio  Associa- 
tion of  Technical  Societies  in  reference  to  a  proposed  schedule  of 
salaries  for  engineering  employees  in  the  State  Civil  Service.  On 
motion,  duly  seconded,  it  was  decided  that  the  schedule  was  too  low  and 
should  be  the  minimum  considered  at  the  present  time. 

The  Committee  appointed  to  report  on  the  schedule  of  minimum 
fees  for  civil  engineers  adopted  by  the  Engineers  of  Mahoning  Valley, 
submitted  a  schedule  of  minimum  fees  for  practicing  engineers.  On 
motion,  duly  seconded,  the  schedule  was  approved. 

The  Nominating  Committee  reported  the  following  recommenda- 
tions for  officers  for  1920 :  For  President,  W.  P.  Brown ;  Vice-President, 
.J.  E.  A.  Moore;  and  Secretary-Treasurer,  George  H.  Tinker;  and,  on 
motion,  duly  seconded,  the  nominees  were  declared  elected. 
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On  motion,  duly  seconded,  it  was  decided  that  the  Director  of  the 
Association  on  the  Board  of  the  Association  of  Ohio  Technical  Societies 
should  be  paid  seven  cents  a  mile  to  cover  expenses  when  attending 
Board  meetings. 

On  motion,  duly  seconded,  the  dues  for  1920  were  fixed  at  $2.00. 

Adjourned. 

Connecticut  Association,   Organized   I9i9' 

C.  M.  Saville,  President ;  E.  J.  Ross,  Secretary,  Municipal  Building, 
Hartford,  Conn. 

The  Annual  Meeting  of  the  Association  is  held  in  April.  The  time 
and  place  of  other  meetings  are  not  fixed,  but  this  information  will  be 
furnished  on  application  to  the  Secretary. 

Detroit  Association,   Organized   1916. 

T.  A.  Leisen,  President;  Clarence  W.  Hubbell,  Secretary,  2348 
Penobscot  Building,  Detroit,  Mich. 

The  regular  meetings  of  the  Association  are  held  on  the  second 
Friday  of  December,  April,  and  October,  the  last  being  the  Annual 
Meeting. 

District  of  Columbia  Association,  Organized   1916. 

David  S.  Carll,  President;  James  C.  Van  Wagenen,  Secretary- 
Treasurer,  719  Fifteenth  Street,  N.  W.,  Washington,  D.  C. 

Duluth  Association,  Organized  1917. 

G.  A.  Taylor,  President ;  Walter  G.  Zimmermann,  Secretary,  Wolvin 
Building,  Duluth,  Minn. 

The  regular  meetings  of  the  Association  are  held  at  noon  on  the 
third  Monday  of  each  month  (usually  at  the  Kitchi  Gammi  Club), 
with  luncheon,  followed  by  a  short  business  session  and  the  reading  of 
papers.  Visiting  members  of  the  American  Society  of  Civil  Engineers 
can  secure  from  the  Secretary  definite  information  relative  to  the 
meetings,  at  which  they  will  be  welcomed.  The  Annual  Meeting  is 
held  on  the  third  Monday  in  May. 

Illinois  Association,  Organized  1916. 

Albert  Reichmann,  President;  W.  D.  Gerber,  Secretary-Treasurer, 
913  Chamber  of  Commerce,  Chicago,  111. 

The  regular  meetings  of  the  Association  are  held  on  the  second 
Monday  of  March,  June,  September,  and  December,  the  last  being 
the  Annual  Meeting.  The  hour  and  place  of  meetings  are  not  fixed, 
but  this  information  will  be  furnished  on  application  to  the  Secretary. 

Louisiana  Association,  Organized  i9i4. 

Arsene  Perrilliat,  President;  Eugene  F.  Delery,  Secretary,  503  City 
Hall  Annex,  ISTew  Orleans,  La. 

The  regular  meetings  of  the  Association  are  held  at  The  Cabildo, 
New  Orleans,  La.,  on  the  first  Monday  of  January,  April,  July,  and 
October. 
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Nebraska  Association,  Organized   1917. 

Clark  E.  Mickey,  President;  Homer  Y.  Knouse,  Secretary- 
Treasurer,  200  City  Hall,  Omaha,  Nebr. 

Regular  meetings  of  the  Association  are  held  on  the  first  Saturday 
of  each  month,  except  July  and  August,  and  at  such  places  as  may  be 
appointed  from  time  to  time  by  the  Executive  Committee.  The  Annual 
Meeting  is  held  in  Lincoln,  Nebr.,  on  the  second  Friday  in  January. 

Visiting  members  of  the  Society  are  especially  urged  to  communi- 
cate with  the  Secretary  when  in  the  city. 

Northwestern  Association,   Organized   1914. 

Ealph  D.  Thomas,  President;  W.  N.  Jones,  Secretary,  City  Engi- 
neer's Office,  City  Hall,  Minneapolis,  Minn. 

The  meetings  of  the  Association  are  held  bi-monthly,  alternating 
between  St.  Paul  and  Minneapolis,  on  the  third  Friday  of  each  month. 
Information  as  to  the  time  and  place  of  such  meetings  will  be  furnished 
on  application  to  the  Secretary. 

Philadelphia   Association,   Organized    1913. 

S.  M.  Swaab,  President;  Henry  T.  Shelley,  Secretary,  41G  City 
Hall,  Philadelphia,  Pa. 

The  regular  meetings  of  the  Association  are  held  at  the  Engineers' 
Club  of  Philadelphia,  1317  Spruce  Street,  on  the  first  Monday  in 
January,  April,  and  October,  the  last  being  the  Annual  Meeting. 
Special  meetings  will  also  be  held  during  the  winter,  in  order  to 
provide  an  opportunity  for  members  to  take  a  more  active  part  in  the 
work  of  the  Association. 

(Abstract  of  Minutes  of  Meeting) 

November  aad,  19 19. — A  special  meeting  of  the  Association  was 
called  to  order  at  the  Engineers'  Club  of  Philadelphia,  at  8  p.  m.  ; 
President  S.  M.  Swaab  in  the  chair;  H.  T.  Shelley,  Secretary;  and 
present,  also,  60  members. 

The  meeting  was  called  to  review  and  discuss  the  Final  Report  of  the 
Committee  on  Development  of  the  Society,  and  to  decide  on  definite 
action  for  its  support. 

The  attention  of  the  members  was  called  to  the  tendency  to  subordi- 
nate the  engineering  features  of  public  works  to  art  and  architecture, 
by  Mr.  F.  Herbert  Snow,  who  presented  the  following  resolution  which, 
on  motion,  duly  seconded,  was  adopted  by  the  meeting : 

"Whe7'eas,  In  the  design  and  erection  of  bridges  and  other  similar 
public  structures,  involving  fundamentally  strictly  engineering  ques- 
tions, there  is  a  widespread  tendency  to  subordinate  engineering  to  art 
and  architecture,  and 

"Whereas,  The  formation  of  commissions  and  the  selection  of  the 
personnel  to  have  the  direction  of  the  execution  of  these  works  is  now 
under  consideration  by  state,  county  and  municipal  authorities, 

"Therefore  he  it  Resolved,  That  the  Philadelphia  Association  of 
Members  of  the  American  Society  of  Civil  Engineers  earnestly  directs 
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the  attention  of  the  Governor  of  the  State,  the  County  Commissioners 
and  the  Mayors  of  cities  in  the  State  to  the  fact  that  safety  to  human 
life  and  the  proper  expenditure  of  public  funds  require  that  the  design 
and  erection  of  such  structures  be  under  the  responsible  charge  of  com- 
jietent  and  experienced  civil  engineers,  especially  skilled  and  trained 
for  that  class  of  work." 

Mr.  Richard  L.  Humphrey  outlined  the  report  of  the  Committee  on 
Development  and  moved  that  an  Executive  Committee  be  appointed 
to  conduct  a  campaign  in  behalf  of  the  proposed  development  and  that 
through  such  Committee  teams  of  five  or  ten  members,  headed  by  a 
captain,  be  organized  to  make  a  personal  canvass  of  the  members  of 
the  Society  and  if  possible  secure  their  pledge  to  attend  the  Annual 
Meeting  of  the  Society  and  support  the  report  at  that  meeting  and 
thereafter  until  a  final  vote  on  it  is  taken.  On  motion,  duly  seconded, 
the  resolution  was  carried  by  a  unanimous  vote. 

President  Swaab  appointed  the  following  as  members  of  the  Execu- 
tive Committee:  Messrs.  Benjamin  Franklin,  F.  Herbert  Snow,  Samuel 
T.  Wagner,  Jonathan  Jones,  and  Richard  L.  Humphrey,  Chairman, 
with  himself  and  Secretary  Shelley  as  ex-ojficio  members. 

The  Auditing  Committee  appointed  to  examine  the  accounts  of  the 
Secretary  and  Treasurer,  submitted  its  report  stating  that  the  accounts 
were  correct,  and,  on  motion,  duly  seconded,  the  Committee  was  dis- 
charged with  thanks. 

The  Secretary  read  a  communication  from  the  Engineers',  Archi- 
tects' and  Constructors'  Council,  requesting  the  support  of  the  Asso- 
ciation for  the  bill  to  create  a  National  Department  of  Public  Works. 
On  motion,  diily  seconded,  it  was  decided  to  defer  action  on  the  request 
until  the  January  meeting  of  the  Association. 

Adjourned. 

Pittsburgh   Association,   Organized    1917. 

Morris  Knowles,  President;  Nathan  Schein,  Secretary-Treasurer, 
426  City-County  Building,  Pittsburgh,  Pa. 

The  Annual  Meeting  of  the  Association  is  held  on  the  first  Monday 
in  October.  The  time  and  place  of  other  meetings  are  not  fixed,  but 
this  information  will  be  furnished  on  application  to  the  Secretary. 

Portland   (Ore.)    Association,  Organized   1913- 

E.  Burslem  Thomson,  President;  C.  P.  Keyser,  Secretary,  318  City 
Hall,  Portland,  Ore. 

The  Annual  Meeting  of  the  Association  is  held  on  the  second  Friday 
in  January.  Other  meetings  are  called  by  the  President  and  are 
usually  convened  on  Friday  evenings.  The  place  is  not  fijicd,  but  this 
information  may  be  obtained  on  application  to  the  Secretary.  All 
members  of  the  American  Society  of  Civil  Engineers  are  cordially 
invited  to  attend  the  meetings. 

St.   Louis   Association,   Organized    1888    (Constitution   Approved  by 
Board,  1914). 

Edward  E.  Wall,  President;  C.  W.  S.  Sammelman,  Secretary-Treas- 
urer, 300  City  Hall,  St.  Louis,  Mo. 
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The  Annual  Meeting  of  the  Association,  for  the  election  of  officers 
and  for  the  transaction  of  business,  is  held  on  the  fourth  Monday  in 
November.  Two  meetings  each  year,  for  the  presentation  and  discus- 
sion of  technical  papers,  are  held  in  the  Auditorium  of  the  Engineers^ 
Club  of  St.  Louis  and  are  open  to  members  of  the  Associated  Societies. 
Other  "get-together"  meetings  are  held  regularly  for  dinner  or 
luncheon  on  the  fourth  Monday  of  each  month  except  July,  August, 
and  November. 

San  Diego  Association,  Organized  1915- 

W.  C.  Earle,  President;  E.  C.  Wueste,  Secretary-Treasurer,  Bonita, 
Cal. 

Seattle  Association,  Organized  I9i3. 

L.  M.  Grant,  President;  G.  A.  Collins,  Secretary,  1317  L.  C.  Smith 
Building,  Seattle,  Wash. 

The  regular  meetings  of  the  Association,  with  luncheon,  are  held 
at  the  Engineers'  Club,  Arctic  Building,  Third  Avenue  and  Cherry 
Street,  at  12.15  p.  M.,  on  the  last  Monday  of  each  month.  Informal 
luncheons  are  also  held  at  12.15  p.  m.,  every  Monday  at  the  Engineers' 
Club. 

Special  evening  meetings  are  held  from  time  to  time  for  the  purpose 
of  discussing  important  topics,  and  information  concerning  these  meet- 
ings may  be  had  by  addressing  the  Secretary.  All  members  in  any 
grade  of  the  American  Society  of  Civil  Engineers  are  cordially  invited 
to  attend  the  meetings  when  in  the  vicinity,  and,  if  located  in  this 
District  for  any  length  of  time,  their  membership  in  the  Association 
will  be  appreciated. 

Southern   California  Association,  Organized    1914. 

W.  K.  Barnard,  President;  Floyd  G.  Dessery,  Secretary,  514  Central 
Building,  Los  Angeles,  Cal. 

The  Southern  California  Association  of  Members  of  the  American 
Society  of  Civil  Engineers  (Los  Angeles,  Cal.)  holds  regvilar  monthly 
meetings  on  the  second  Wednesday  of  each  month,  the  December  meet- 
ing being  the  Annual  Meeting. 

Informal  luncheons  in  connection  with  the  Joint  Technical  Societies 
of  Los  Angeles  are  held  at  12.15  p.  m.,  every  Thursday  at  the  Broadway 
Department  Store  Cafe. 

The  by-laws  of  the  Association  provide  for  the  extension  of  hospi- 
tality to  any  member  of  the  Society  who  may  be  temporarily  in  Los 
Angeles,  and  any  such  member  will  be  gladly  welcomed  as  a  guest  at, 
any  of  the  meetings  or  luncheons. 

(Abstract  of  Minutes  of  Meeting) 

December  loth,  1919. — The  Annual  Meeting  of  the  Association  was 
called  to  order  at  the  Jonathan  Club,  at  7.40  p.  M.;  Vice-President 
H.  AV.  Dennis  in  the  chair;  F.  G.  Dessery,  Secretary;  and  present,  also,. 
60  members  and  guests. 

On  motion,  duly  seconded,  the  reading  of  the  minutes  of  the  meeting- 
of  November  12th,  1919,  was  omitted. 

Chairman  Moody,  of  the  Committee  on  Co-operation  of  Federal 
Bureaus,  gave  a  detailed  verbal  report  of  the  extent  of  the  work  andl 
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efforts  of  the  Committee.     On  motion,  duly  seconded,  the  report  was 
accepted  and  the  Committee  discharged. 

Chairman  Schwendener,  of  the  Committee  on  Building  Laws  and 
Eegulations,  reported  on  the  joint  work  of  the  Committee  with  a 
similar  committee  of  the  Chamber  of  Commerce.  On  motion,  duly 
seconded,  the  report  was  accepted  and  the  Committee  discharged. 

Chairman  Irving,  Association  Member  of  the  Joint  Technical 
Societies  Committee  on  Public  Health  and  Sanitation,  reported  that  a 
Final  Eeport  of  the  Committee  would  be  made  to  the  Board  of  County 
Supervisors  on  February  24th,  1920.  On  motion,  duly  seconded,  the- 
report  was  accepted  and  the  Committee  continued. 

Mr.  W.  D.  Smith,  Association  Member  of  the  Joint  Technical 
Societies  Committee  on  City  Planning,  presented  a  progress  report  on 
the  work  of  the  Committee  to  date.  On  motion,  duly  seconded,  the 
report  was  accepted  and  the  Committee  continued. 

Vice-President  Dennis,  Permanent  Chairman  of  the  Committee  on. 
Ways  and  Means — 1920  Convention,  outlined  briefly  the  work  of  this- 
Committee  to  date.  i 

In  relation  to  holding  the  Annual  Convention  of  1920  in  Los 
Angeles,  Messrs.  Allin  and  La  Eue,  of  Pasadena,  reported  in  regard 
to  the  interest  of  the  Pasadena  Board  of  Trade  in  the  matter.  Mr.  Code 
reported  on  the  apparent  apathy  of  the  Los  Angeles  Chamber  of  Com- 
merce relative  to  the  Convention  and  suggested  that  individual  mem- 
bers of  the  Association  underwrite  $5  000  to  cover  the  expenses  in 
connection  with  it.  The  matter  was  also  discussed  by  Messrs.  Flaherty,. 
Hawgood,  Storrow,  Michael,  Mulholland,  and  Barnard,  and,  on  motion, 
duly  seconded,  it  was  decided  unanimously  that  Director  Hawgood  be 
instructed  to  bring  the  Annual  Convention  of  the  Society  to  Los 
Angeles  in  1920. 

Eeports  from  the  Sub-Committees  of  the  Committee  on  Develop- 
ment of  the  Association  were  presented. 

Mr.  Bowen,  Chairman  of  the  Sub-Committee  on  External  Eelations,- 
read  the  report  of  his  Committee,  which,  on  motion,  duly  seconded,  was 
temporarily  laid  on  the  table,  but,  later,  was  referred  back  to  the 
Committee. 

The  reports  of  the  Sub-Committees  on  Technical  Activities,  Pro- 
fessor Michael,  Chairman,  on  Internal  Eelations,  Chairman  Morris,- 
and  on  Public  Aifairs,  Chairman  Moody,  were  read  and,  on  motion, 
duly  seconded,  adopted. 

On  motion,  duly  seconded,  the  general  report  of  the  Committee  on 
Development  was  approved,  subject  to  the  modifications  recommended 
by  the  Sub-Committee. 

Chairman  Leeds,  of  the  Committee  on  Universal  Military  Training, 
presented  a  report  and  Mr.  Eockhold  presented  a  Sub-Committee  report. 
On  motion,  duly  seconded,  the  report  of  the  Committee  was  accepted, 
and  it  was  ordered  that  the  report  of  the  Sub-Committtee  be  added  to 
the  Committee's  report  as  an  Appendix. 

On  motion,  duly  seconded,  the  Secretary  was  instructed  to  carry 
out  the  terms  contained  in  the  preliminary  report  of  the  Committee 
on  Universal  Military  Training,  which  report  was  adopted  at  the 
meeting  of  November  12th,  1919. 

Vice-President  Dennis  announced  the  death  of  Mr.  George  C 
Adams,  the  father  of  Mr.  E.  L.  Adams,  member  of  the  Association,  and. 
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on  motion,  duly  seconded,  the  Chairman  appointed  Messrs.  Reed, 
E.  R.  Bowen,  and  E.  T.  Wheeler  a  committee  to  draft  suitable  resolu- 
tions to  be  spread  upon  the  minutes  of  the  Association  and  a  copy  to 
be  sent  to  Mr.  Adams. 

The  Annual  Report  of  the  Secretary  for  1919  was  read,  and,  on 
motion,  duly  seconded,  the  report  was  approved  and  a  rising  vote  of 
thanks  was  extended  to  the  Secretary  for  his  work;  a  copy  of  the 
report  was  also  ordered  to  be  sent  to  the  Society. 

On  motion,  duly  seconded,  the  following  resolution  was  unanimously 
adopted : 

"Whereas,  Mr.  George  G.  Anderson  has  ably  served  this  Association 
as  its  President  during  the  past  year,  and  now  at  the  completion  of  his 
term  is  retiring  from  office,  and 

"Whereas,  He  has  been  a  most  active  member  of  the  Committee  on 
Development  of  the  Parent  Society  and  the  Conference  Committee,  and 
has  been  a  directing  force  in  their  deliberations,  and 

"Whereas,  He  has  been  uniformly  and  consistently  alive  to  the 
welfare  of  the  younger  members  of  the  profession,  and 

"Whereas,  This  Association,  under  his  direction,  has  experienced  the 
most  successful  year  in  its  history.     Now,  therefore, 

"Be  it  Resolved,  That  this  Association  hereby  extends  to  Mr.  Ander- 
son its  thanks  and  appreciation  of  his  unselfish  and  tireless  efforts  in 
its  behalf,  and  that  these  resolutions  be  spread  upon  the  minutes  of  this 
Association  and  that  a  copy  thereof  be  sent  to  Mr.  Anderson." 

In  the  absence  of  President  Anderson,  Vice-President  Dennis  read 
his  valedictory  address. 

The  Treasurer  presented  his  Annual  Report  for  1919.  On  motion, 
duly  seconded,  the  report  was  approved  and  adopted  and  Mr.  Reed  was 
thanked  for  his  work  as  Treasurer  of  the  Association. 

The  Secretary  announced  the  election  of  the  following  officers  for 
1920:  President,  W.  K.  Barnard;  Vice-Presidents,  H.  W.  Dennis  and 
R.  J.  Reed;  Secretary,  F.  G.  Dessery;  and  Treasurer,  W.  Woodard. 

Vice-President  Dennis  introduced  President  Barnard  who  addressed 
the  meeting  briefly. 

A  general  discussion  on  the  imperative  need  of  individual  effort  on 
behalf  of  the  Annual  Convention  for  1920  was  participated  in  by  those 
present  at  the  meeting. 

Adjourned. 

Spokane  Association,  Organized  1914. 

Alfred  D.  Butler,  President;  Charles  E.  Davis,  Secretary-Treasurer, 
401  City  Hall,  Spokane,  Wash. 

The  regular  meetings  of  the  Association  are  held  on  the  second 
Friday  of  each  month,  except  July  and  August.  The  hour  and  place 
of  meeting  are  not  fixed,  but  this  information  will  be  furnished  on 
application  to  the  Secretary. 

Visiting  members  are  invited  to  attend  the  meetings. 

Texas  Association,  Organized  1913. 

Hans  Helland,  President;  E.  N".  Noyes,  Secretary,  Dure  Building, 
Dallas,  Tex. 
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(Abstract  of  Minutes  of  Meetings) 

October  17th,  19 19. — The  Senii-Annual  Meeting  of  the  Association 
was  called  to  order  in  the  Chamber  of  Commerce  Building,  Fort  Worth, 
Tex.,  at  10.30  a.  m.;  President  Potts  in  the  chair;  J.  H.  Brillhart, 
Secretary;  and  present,  also,  19  members. 

Dr.  C.  C.  Gumm,  Manager  of  the  Fort  Worth  Chamber  of  Com- 
merce, delivered  the  address  of  welcome,  to  which  President  Potts 
responded. 

The  minutes  of  the  previous  meeting  were  read  and  approved. 

The  following  Committee  on  Resolutions  was  appointed:  Messrs. 
E.  'N.  Noyes,  Chairman,  J.  C.  McVea,  and  F.  J.  Von  Zuben. 

On  motion,  duly  seconded,  the  stand  of  Engineering-News  Record 
in  not  yielding  to  the  demands  of  the  printers  during  the  recent  strike 
in  New  York  City,  was  endorsed,  and  the  President  sent  a  telegram  to 
the  management  relative  to  the  Association's  endorsement  of  its  action. 

The  subject  of  the  proposed  National  Department  of  Public  Works 
was  discussed  by  Messrs.  W.  J.  Powell,  Davis,  Windrow,  Brillhart,  and 
Potts. 

The  question  of  the  place  for  holding  the  1920  Annual  Convention 
of  the  Society  was  discussed  generally. 

The  meeting  reconvened  at  3.00  p.  m.;  President  Potts  in  the  chair; 
J.  H.  Brillhart,  Secretary. 

The  meeting  was  addressed  by  Mr.  C.  S.  Fowler,  of  the  State  High- 
way Commission,  on  "Seventy-five  Million  Dollar  Bond  Issvie  Amend- 
ment" and  also  on  the  Maintenance  Tax  Amendment,  and  the  subject 
was  discussed  by  Messrs.  Dutton,  McClellan,  Windrow,  and  Potts. 

Mr.  Brillhart  presented  the  report  of  the  Committee  on  Develop- 
ment, and  Mr.  Howe  presented  the  report  of  the  Highway  Committee. 
On  motion,  duly  seconded,  the  Highway  Committee  was  continued. 

Mr.  J.  M.  Howe,  Chairman,  presented  the  report  of  the  Licensing 
Committee  and,  on  motion,  duly  seconded,  the  Committee  was  dis- 
charged with  thanks. 

Adjourned. 

The  meeting  reconvened  at  9.00  p.  M.;  President  Potts  in  the  chair; 
J.  H.  Brillhart,  Secretary. 

The  following  officers  for  1920  were  elected:  President,  Hans  Hel- 
land;  First  Vice-President,  C.  M.  Davis;  Second  Vice-President,  J.  H. 
Brillhart ;  and  Secretary-Treasurer,  E.  N.  Noyes. 

A  paper  by  Mr.  J.  C.  Nagle,  entitled  "Administration  Problems  of 
Maintenance  of  Efficiency  in  Engineering  Instruction"  was  presented 
by  the  author,  which  was  followed  by  a  brief  address  by  Professor 
Giesecke  on  "Podding  Concrete". 

Twelve  engineers  were  elected  to  membership  in  the  Association. 

Adjourned. 

October  i8th,  1919. — The  meeting  was  called  to  order  at  10.30  a.  ^r. 
at  the  Chamber  of  Commerce  Building;  President  Potts  in  the  chair; 
J.  H.  Brillhart,  Secretary 

On  motion,  duly  seconded,  a  Publication  Committee  was  appointed. 

The  report  of  the  Treasurer  was  presented  and,  on  motion,  duly 
seconded,  was  accepted. 


88  ANNOUNCEMENTS  [Society  Aflfairs. 

On  motion,  duly  seconded,  the  Secretary  was  instructed  to  write  to 
the  Board  of  Directors  endorsing  the  action  of  the  Pittsburgh  Associa- 
tion in  reference  to  the  compensation  of  engineers. 

On  motion,  duly  seconded,  the  Board  of  Directors  and  Mr.  Howe 
were  instructed  to  canvass  the  city  and  decide  where  the  1920  Annual 
Convention  of  the  Society  should  be  held.  Later,  the  Committee 
decided  that  the  Society  be  invited  to  hold  its  Annual  Convention  in 
Houston,  with  visits  to  Galveston  and  San  Antonio,  which  decision  was, 
on  motion,  duly  seconded,  approved  as  the  unanimous  vote  of  the  Texas 
members. 

The  meeting  was  addressed  by  Mr.  Harry  Hawgood,  Director  from 
the  11th  District,  on  the  subjects  of  1920  Annual  Convention  and  the 
Report  of  the  Committee  on  Development  of  the  Society. 

Adjourned. 

Utah  Association,  Organized   1916. 

A.  B.  Villadsen,  President,  304  Dooly  Bldg.,  Salt  Lake  City,  Utah. 

The  Annual  Meeting  of  the  Association  is  held  on  the  first  Wednes- 
day in  April.  The  time  of  other  meetings  is  not  fixed,  but  this  infor- 
mation will  be  furnished  on  application  to  the  President. 

PRIVILEGES   OF   ENGINEERING   SOCIETIES 

EXTENDED  TO   MEMBERS  OF  THE 
AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

Members  of  the  American  Society  of  Civil  Engineers  will  be  wel- 
come in  the  Reading  Rooms  and  at  the  meetings  of  many  engineering 
societies  in  all  parts  of  the  world.  A  list  of  such  societies  will  be  found 
on  pages  41  and  42  of  the  Year  Book  of  the  Society  for  1919. 
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ANNUAL  REPORT  OF  THE  BOARD  OF  DIRECTION 
FOR  THE  YEAR  ENDING  DECEMBER  31st,  1919. 

In  compliance  with  the  Constitution,  the  Board  of  Direction  presents 
its  report  for  the  year  ending  December  31st,  1919 : 

MEMBERSHIP 

The  changes  in  membership  are  shown  in  the  following  table : 
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*  162  Associate  Members. 

t       1   Associate,   100   Juniors. 

t       3   Reinstatements. 

II       4   Reinstatements. 

t       1   Reinstatement. 

§       Decrease. 

The  net  increase  in  membership  for  the  year  is  475. 

The  total  number  of  applications  received  has  been  1  19G :  873  for 
admission  and  323  for  transfer. 

The  losses  by  death  during  the  year  number  90,  and  are  as  follows : 

Members  (61) :  Hermon  Charles  Allen,  William  Archer,  Percy 
Herbert  Ashmead,  Owen  Brainard,  Holland  Williams  Baker,  Frederick 
Brooks,  Ralph  Henry  Brown,  Stephen  Pearson  Brown,  Rolla  Clinton 
Carpenter,  Charles  Titus  Church,  Theodore  Cooper,  Chester  Birge 
Davis,  Adna  Dobson,  William  Thomas  Dougan,  William  Griffing  Ford. 
Archibald  Smith  Frew,  Harvey  Mosher  Geer,  Walter  Hayden  Graves, 
Harry  Hardy,  William  Appleton  Haven,  Arthur  Haviland,  John  Vose 
Hazen,  James  Nisbet  Hazlehurst,  John  Gibson  Hendrie,  Albert  James 
Himes,  Henry  Wilson  Hodge,  Frank  Churchill  Horn,  Rufus  Cameron 
Hunt,  Linn  Murdoch  Huntington,  Charles  Mattathias  Jacobs,  Thomas 
William  Jaycox,  Tien  Yow  Jeme,  Norman  Benjamin  Kellogg,  Paul 
Sourin  King,  Marvin  Watson  Kingsley,  George  Stevens  Leavenworth, 
Henry  Manley,  Robert  Edgar  Milligan,  George  Clark  Mills,  William 
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JSTewbrough,  Lewis  Abel  Nichols,  John  Patrick  O'Donnell,  John 
Christian  Ostrup,  Henry  Kinder  Owens,  Carl  Redlich,  Homer  Peter 
Ritter,  Henry  Burger  Sauerman,  Hermann  Frederick  August  Schussler, 
ISTaoji  Shiraishi,  Hiram  Joseph  Slifer,  Raphael  Chart  Smead,  Fred 
Caswell  Stanton,  Frederic  Pike  Stearns,  Henry  Morton  Stone,  Mason 
Romeyn  Strong,  Emil  Swensson,  George  Sykes,  Carl  Uhlig,  Robert 
Van  Buren,  Rufus  Mason  Whittet,  Irving  Sparrow  Wood. 

Associate  Members  (21)  :  Paul  Jones  Bean,  Bernt  Berger,  Charles 
Edwin  Bright,  Gustavo  Adolfo  Dubois,  William  Wetmore  Gibbs, 
Norman  Marshall  Halcombe,  Robert  Dwiggins  Monteith  Henley, 
John  William  Horton,  Grandville  Reynard  Jones,  Paul  Robert  Kirstein, 
Charles  H.  Knowles,  Angus  Robert  Mackay,  Thomas  Hatcher  Matson, 
Allen  Eugene  Nichols,  Walter  Scott  Obermeyer,  George  Thomas 
Petheram,  Alexander  Charles  Schilling,  George  Hippesley  Stanley 
Stephens,  George  M.  Stevens,  Burt  Stimson,  Rafael  Joaquin  Torralbas. 

Associates  (1)  :  Hugh  Monroe  Wilson. 

Juniors  (7) :  Victor  Hugo  Bell,  Dean  Chase,  Ralph  Richardson 
Marrian,  Charles  Gilbert  Reilly,  Hugo  S.  Speidel,  Jay  William  Toms, 
John  Wesley  White. 

LIBRARY 

The  combined  Engineering  Societies  Library  (to  which,  it  will  be 
remembered,  the  67  000  volumes  of  this  Society  have  been  transferred 
but  which  still  belong  to  this  Society)  received  during  1919  a  total 
of  2  937  volumes  (2  384  by  gift,  553  by  purchase),  3  437  pamphlets 
(3  205  by  gift,  232  by  purchase),  and  118  maps  and  plans,  making  a 
total  of  148  870  now  in  the  permanent  collection.  The  American 
Institute  of  Mining  and  Metallurgical  Engineers  transferred  to  the 
Engineering  Societies  Library  the  income  from  a  bequest  of  $100  000 
by  Dr.  James  Douglas,  amounting  to  approximately  $5  000. 

The  expenditures  for  the  work  of  the  Library  amounted  to  about 
$24  000.  A  continually  increasing  use  of  the  Library  is  indicated  in 
the  total  attendance  for  the  year,  which  reached  22  042  as  compared 
with  12  820  in  1915;  13  848  in  1916;  11  381  in  1917;  and  15  063  in  1918. 
The  attendance  after  6  p.  m.  was  15%,  or  3  470.  The  average  daily 
attendance  was  72. 

The  work  of  reclassifying  and  recataloguing,  for  which  each  of  the 
four  Founder  Societies  is  contributing  $2  500  per  year  for  two  years, 
was  begun  July  1st,  and  6  671  volumes  have  been  catalogued  at  an 
expense  of  about  $4  360. 

The  Service  Bureau  approximately  paid  for  itself,  with  a  total 
ii\come  of  about  $19  000.  It  made  during  the  year  552  searches  and 
copies  of  searches,  and  71  translations,  totaling  227  300  words.  The 
value  of  the  equipment  for  making  photograpliic  copies  of  articles  has 
been  more  evident  than  ever  before  and  the  demands  at  times  have 
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taxed  the  capacity  of  the  Bureau  to  the  limit.  The  orders  amounted  to 
2  319  and  required  23  951  prints,  an  increase  of  101%  over  the  number 
of  orders  in  1918. 

READING  ROOM 

The  Reading  Room  of  the  Society  has  shown  an  increase  in  the 
attendance,  as  compared  with  that  of  1918,  of  about  31%,  the  total  for 
the  year  being  4  283.  The  facilities  for  correspondence,  for  receiving 
mail,  and  for  obtaining  general  information  have  been  increasingly 
used.  During  the  past  year  there  have  been  received  regularly  290 
technical  and  non-technical  magazines.  Several  new  periodicals  hav^e 
been  added  to  the  list,  while  others  received  heretofore  have  been 
suspended  from  publication  owing  to  war  conditions.  The  more  impor- 
tant technical  periodicals  are  indexed  and  kept  on  file  for  ready  refer- 
ence. The  collection  of  recent  technical  books  has  been  enlarged,  both 
by  purchase  and  by  donation  from  members  of  the  Society. 

The  Reading  Room  attendants  prepared  the  list  of  references  to 
current  engineering  literature  for  Proceedings,  which  required  93  pages 
and  contained  3  725  classified  references  to  89  periodicals.  Some  of 
the  French  and  German  periodicals  which  were  not  available  during 
the  War  are  now  regularly  received  and  indexed. 

COMMITTEES 

There  are  at  present  four  Special  Committees  appointed  to  report 
on  Engineering  subjects,  namely:  To  Codify  Present  Practice  on  the 
Bearing  Value  of  Soils  for  Foundations ;  Regulation  of  Water  Rights ; 
Stresses  in  Railroad  Track;  and  Highway  Engineering.  A  second 
Progress  Report  has  been  received  from  the  Committee  on  Stresses  in 
Railroad  Track,  and  Progress  Reports  are  expected  from  two  of  the 
other  Committees. 

The  Final  Report  of  the  Committee  on  Engineering  Education 
was  presented  at  the  last  Annual  Meeting  and  the  Committee  was  dis- 
charged. 

The  Special  Committee  on  Highway  Engineering  was  appointed  by 
the  Board  during  the  year,  to  keep  in  touch  with  the  development  of 
the  Government's  plan  for  the  construction  and  financing  of  National 
highways  and  to  advise  the  Society  of  these  plans  and  activities  by 
the  submission  of  frequent  or  periodic  reports  or  critical  reviews. 

The  Final  Report  of  the  Committee  on  Development  has  been  for- 
warded to  all  members  of  the  Society,  and  will  be  one  of  the  topics 
for  discussion  at  the  Annual  Meeting. 

DELEGATION  TO  VISIT  FRANCE 

The  object  of  this  Delegation  was  to  discuss  with  the  French  en- 
gineers the  large  engineering  iiroblems  now  facing  France.  The  result 
of  their  visit  and  deliberations  was  published  in  Proceedings  for 
August,  1919,  pages  604-680. 
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A  Permanent  Franco-American  Engineering  Committee  has  been 
formed  of  two  members  appointed  by  each  of  the  four  Founder 
Societies. 

ENGINEERING  SOCIETIES  EMPLOYMENT  BUREAU 

As  announced  in  the  last  Annual  Report,  the  Engineering  Societies 
Employment  Bureau  was  established  under  the  management  of  the 
Secretaries  of  the  four  Founder  Societies. 

During  the  year  more  than  20  000  men  have  been  interviewed,  and 
5  377  have  registered  with  the  Bureau.  Of  these,  1  256  are  known  to 
have  been  placed,  but  this  does  not  represent  the  result  because  of  the 
difficulty  of  getting  reports  from  men  after  they  have  obtained  posi- 
tions. The  large  number  of  daily  visitors  to  the  Bureau  indicates 
clearly  that  it  was  much  needed,  and  that  it  will  be  of  increasing  value 
as  the  work  it  is  doing  becomes  better  known  to  employers. 

PUBLICATIONS 

During  the  year  eight  numbers  of  Proceedings,  one  volume  of 
Transactions,  and  one  Year  Book  have  been  issued.  Owing  to  a  strike 
in  the  printing  trade,  it  was  not  possible  to  issue  the  October  and 
November  numbers  of  Proceedings;  the  number  for  December  covered 
the  last  three  months  of  1919. 

As  a  war  measure  and  a  matter  of  economy,  it  was  decided  last 
year  that  no  volume  of  Transactions  should  be  issued  in  1919.  It  is 
expected  that  publication  will  be  resumed  next  year.  At  the  present 
time  nearly  1  600  pages  of  type  matter  are  being  held  for  this  purpose. 

During  the  year  the  membership  was  canvassed  to  determine 
whether  the  Year  Book  should  be  changed  to  contain  a  single  alpha- 
betical list,  without  separate  divisions  for  the  various  grades.  The 
vote  being  favorable,  the  Year  Book  for  1920  will  be  published  in  the 
revised  form.  The  Roll  of  Honor  will  be  printed  in  this  Year  Book, 
to  provide  a  permanent  record  of  those  who  took  part  in  the  World  War. 

The  stock  of  the  various  publications  of  the  Society,  kept  on  hand 
for  the  convenience  of  members  and  others,  now  amounts  to  152  317 
copies,  the  cost  of  which  to  the  Society,  for  paper  and  press  work 
only,  has  been  $22  934.56. 

Summary  of  Publications  for  1919 

TsRiiPs     Average  Total      piotpR       Cits 

issueb.     ejjjtion.  pages.     ^'^^^8.      Cuts. 

Proceedings  (monthly  numbers) 8        9 100        2  096        19        144 

Transactions,  Yol.  LXXXII 1        9  000        1 775        48        610 

Year  Book   1        9  400  415  1 

Total    10         ....        4  286        68        754 
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The  cost  of  publications  has  been : 
For  Paper,  Printing,  etc..  Proceedings  and  Trans- 
actions    $30  502.18 

For  Plates  and  Cuts 1 128.53 

For  Boxes,  Copyright,  and  Sundry  Expenses 451.98 

For  5  971  Extra  Copies  of  Papers  and  Memoirs 338.88 

For  Year  Book 4  408.31 

Total $36  829.88  ' 

Deduct    amount    received    from    sale    of    pub- 
lications           3  234.19 

Net  expenditure  for  publications  for  1919 .  $33  595.69 

Vol.  LXXXII,  which  was  published  during  this  year,  was  really  the 
volume  of  Transactions  for  the  year  1918. 

MEETINGS 

Twenty-three  meetings  were  held  during  the  year,  as  follows:  At 
the  Annual  Meeting,  3;  at  the  Annual  Convention  3;  and  17  other 
meetings,  all  of  which  were  held  at  Society  Headquarters  in  the 
Engineering  Societies  Building. 

At  these  meetings  there  were  presented  5  formal  papers,  3  of  which 
were  illustrated  with  lantern  slides,  8  lectures  and  addresses,  6  of 
which  were  illustrated  with  lantern  slides  and  motion  pictures,  and  8 
informal  discussions,  3  of  which  were  illustrated  with  lantern  slides. 
The  number  of  members  and  others  who  took  part  in  the  preparation 
and  discussion  of  these  papers,  lectures  and  addresses,  and  informal 
discussions  was  155. 

The  Annual  Convention,  which  had  been  abandoned  for  two  years 
on  account  of  war  conditions,  was  held  in  the  "Twin  Cities"  of  St.  Paul 
and  Minneapolis,  Minn.,  from  June  17th  to  20th,  1919,  inclusive. 

The  total  attendance  at  the  23  meetings  was  about  4  151.  The  regis- 
tered attendance  at  the  Annual  Meeting  was  933,  and  at  the  Annual 
Convention  149,  but  this  does  not  include  many  members  and  guests 
present,  who  failed  to  register. 

In  the  absence  of  regularly  scheduled  technical  papers,  the  follow- 
ing topics  have  been  presented,  many  of  which  have  been  illustrated 
by  lantern  slides: 

January  15,  1919,  "The  Construction  Work  Carried  on  in  the 
United  States  During  the  War",  by  Brig.-Gen.  E.  C.  Marshall, 
Jr.,  U.  S.  A. 

January  16,  1919,  "The  War  and  the  American  Soldier",  by  Brig.- 
Gen.  S.  T.  Ansell,  U.  S.  A. 
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February  19,  1919,  "New  Developments  in  Concrete",  by  Nathan 
C  Johnson. 

March  5,  1919,  "Engineering  Construction  in  Russia,  and  General 
Conditions  in  that  Country  from  the  Viewpoint  of  an  Engi- 
neer", by  Vladimir  V.  Goriachkovsky. 

March  19,  1919,  "The  New  York  and  New  Jersey  Vehicular  Tun- 
nel" :  An  Informal  Discussion. 

April  16,  1919,  "American  Highways" :  An  Informal  Discussion. 
•  May    21,    1919,    "Fixed    Ammunition    Loading,    Inspecting,    and 
Firing",  by  Joseph  Dean  Evans. 

June  4,  1919,  "The  Organization  of  a  Local  Association  of  Mem- 
bers of  the  Society  in  the  New  York  City  District" :  An 
Informal  Discussion. 

June  17,  1919,  "Engineering  Activities  of  the  'Twin  Cities'  ",  by 
F.  C.  Shenehon. 

June  19,  1919,  "The  Work  of  Army  Troops  of  the  American  First 
Army  in  France",  by  F.  W.  Scheidenhelm. 

September  17,  1919,  "The  Need  of  a  National  Department  of  Pub- 
lic Works" :  An  Informal  Discussion. 

October  15,  1919,  "The  Relation  of  the  Engineer  to  the  Future 
Military  Activities  of  the  United  States":  An  Informal  Dis- 
cussion. 

November  5,  1919,  "The  Compensation  of  Engineers" :  An  Informal 
Discussion. 

November  19,  1919,  "The  Proposed  Nationalization  of  Railroads  in 
the  United  States" :   An  Informal  Discussion. 

December  3,  1919,  The  Report  of  the  Committee  on  Development 
of  the  American  Society  of  Civil  Engineers:  An  Informal 
Discussion. 

December  17,  1919,  "An  Engineer's  Rambles  in  Central  and  South 
America",  by  William  V.  Alford. 

The  Board  Room,  Past-Presidents'  Room,  and  General  Office  of 
the  Society,  in  addition  to  their  use  by  the  Board  of  Direction  and  by 
Committees  of  the  Society,  have  been  used  by  other  organizations 
(United  Engineering  Society,  Americanization  Committee,  National 
Research  Council,  American  Welding  Society,  American  Society  of 
Mechanical  Engineers'  Committees,  Engineering  Foundation,  Engi- 
neering Council,  American  Society  for  Testing  Materials,  War  Depart- 
ment Sub-Connnittees,  and  sixteen  others)  for  88  meetings. 

MEDALS  AND  PRIZES 

For  the  year  ending  with  July,  1918,  prizes  were  awarded  as  follows : 
The  Norman  Medal  to  L.  R.  Jorgensen,  M.  Am.  Soe.  C.  E.,  for  his 
paper  entitled  "Multiple-Arch  Dams  on  Rush  Creek,  California". 
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The  -T.  James  R.  Croes  Medal  to  Israel  V.  Werbin,  Assoc.  M.  Am. 
Soc.  C.  E.,  for  his  paper  entitled  "Tunnel  Work  on  Sections  8,  9,  10, 
and  11,  Broadway-Lexington  Avenue  Subway,  New  York  City". 

The  Thomas  Fitch  Rowland  Prize  to  F.  W.  Scheidenhelm,  M.  Am. 
Soc.  C.  E.,  for  his  paper  entitled  "The  Reconstruction  of  the  Stony 
River  Dam". 

The  James  Laurie  Prize  to  Charles  W.  Staniford,  M.  Am.  Soc. 
C.  E.,  for  his  paper  entitled  "Unusual  Coffer-Dam  for  a  1  000-Foot 
Pier,  New  York  City". 

The  Collingwood  Prize  for  Juniors  to  James  B.  Hays,  Jun.  Am. 
Soc.  C.  E.*,  for  his  paper  entitled  "Designing  an  Earth  Dam  Having 
a  Gravel  Foundation,  with  the  Results  Obtained  in  Tests  on  a  Model". 

MEMBERS  IN  SERVICE 

Ther#were  1823  members  of  the  Society  in  the  Military  or  Naval 
Service  of  the  United  States  or  its  Allies,  according  to  the  records 
of  the  Secretarj^'s  office.  Of  these  there  were  in  the  American  Army 
1  610,  American  Navy  113,  British  Army  65,  French  Army  8,  and 
Italian  Army  1. 

A  general  summary  of  this  service  follows: 


Armies 

Major-Generals 

Brigadier-Generals  .  . 


Colonels    

Lt. -Colonels   

Majors 

Commandant    

Captains    

First  Lieutenants 

Second  Lieutenants 

Master  Engineers 

Master  Gunners 

Sergeants   

Corporals    

Privates    

Students,  Training   Camps. 
Miscellaneous    


American  Navy 

10   Rear-Admirals  5 

21   Captains    7 

80   Commanders    20 

87   Lt.-Commanders   16 

334    Civil    Engineers    (rnnk    not 

1       given)    6 

669   Lieutenants    28 

312   Lieutenants  (Junior  Grade)  17 

95   Ensigns  10 

8   Chief  Machinist's  ]\ra to 1 

Chief  Carpenter's  Mate 1 

Marine    1 

Miscellaneous    1 

113 


2 
31 
10 
23 

18 
9 


Total. 


Total 1710 


Total,  1  823. 
Died  in  Service,  26. 


FINANCES. 

Inasmuch  as  in  the  last  Annual  Report  the  general  financial  condi- 
tion of  the  Society  was  discussed  fully,  it  appears  to  be  unnecessary 

*  Now  Assoc.  M.  Am.^Soo.  C.  E. 
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to  repeat  details.  This  year  has  not  been  quite  so  difficult  financially. 
The  deficit  of  $20  000  on  last  year's  business  has  been  paid  in  full,  and 
while  a  temporary  loan  had  to  be  negotiated  last  Autumn  in  order  to 
pay  current  bills,  the  amount  was  less  than  was  necessary  for  a  similar 
purpose  in  1918. 

Arrangements  have  been  made,  and  will  go  into  effect  on  February 
1st,  1920,  for  a  reduction  in  the  rate  of  interest  on  the  $200  000- 
mortgage  debt  on  the  Fifty-seventh  Street  property  from  6%  to  5%. 

The  E-eports  of  the  Secretary  and  of  the  Treasurer  are  appended. 

By  order  of  the  Board  of  Direction, 

Chas.  "Warren  Hunt, 

Secretary. 
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REPORT  OF  THE  SECRETARY  FOR  THE 

To  THE  Board  of  Direction  of  the 

Gentlemen: — I  have  the  honor  to  present  a  statement  of  Receipts 
and  Disbursements  for  the  fiscal  year  of  this  Society,  ending  Decem- 
ber 31st,  1919.  I  also  append  a  general  Balance  Sheet  showing  the 
affairs  of  the  Society. 

Respectfully  submitted, 

Chas.  Warren  Hunt, 

Secretary. 

Receipts. 

Balance  on  Hand,  December  31,  1918 $31  846.75 

Entrance  Fees  $18  455.00 

Current  Dues 95  052.18 

Past  Dues 6  061.18 

Advance  Dues  37  704.43 

Certificates  of  Membership 872.2G 

Badges  4  145.13 

Sales  of  Publications 3  234.19 

Annual  Meeting  2  070.70 

.Binding  4  623.11 

Interest    765.55 

Miscellaneous  1  098.89 

Compounding  Dues   1  250.00 

Rent,  220  W.  57th  St 5  470.24 

Rent,  Rooms  1605-1607 590.05 

Delegation  to  France 98.07 

Loan  from  C.  W.  Hunt 5  000.00 

186  490.98 


$218  337.73 
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YEAK  ENDING  DECEMBER  31st,  1919. 
American  Society  of  Civil  Engineers. 

Disbursements. 

Salaries  of  Officers $15  704.81* 

Clerical  Help 27  008.62 

Publications   36  829.88 

Postage    8  998.20 

General  Printing   7  439.82 

Office  Supplies 2  727.62 

Badges 3  092.33 

Certificates    of    Membership 575.40 

Binding 5  132.49 

Reading  Room  Maintenance 317.14 

United  Engineering  Society : 

General  Assessment  for  Space 8  318.24 

Engineering    Council    4  000.00 

Library  Board 5  249.98 

Employment  Bureau   1  500.00 

Meetings  and  Miscellaneous 1  476.87 

Furniture    290.35 

Mileage  of  Directors 7  129.71 

Mileage  of  Nominating  Committee 1  069.40 

Mileage  of  Special  Committees 5  555.72 

Work  of  Committees 2  377.43 

Prizes 261.95 

Annual  Meeting  3  177.71 

Annual  Convention    939.17 

Interest  on  Mortgage 9  730.59 

Insurance    601.20 

Current  Business   4  573.89 

Petty  Expenses   46.13 

Miscellaneous 446.26 

Refunding  Dues   70.40 

Delegation  to  France 2  128.06 

Alterations  to  57th  St.  Building 18  647.71 

Payment  of  loan  to  C.  W.  Hunt 5  000.00 


Balance  on  hand  December  31st,  1919 : 

In  Garfield  National  Bank 26  420.65 

In  Hands  of  Secretary 1  500.00 


$190  417.08 


27  920.65 
$218  337.73 


•  Secretary,   $12  000  ;   Treasurer,  $100  ;  Assistant  Secretary,   $4  000. 
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EEPORT  OF  THE  TREASURER 

OF  THE  AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

FOR  THE  YEAR  ENDING  DECEMBER  31st,  1919. 

In  compliance  with  the  provisions  of  the  Constitution  I  have  the 
honor  to  present  the  following  report  for  the  year  ending  December 
31st,  1919: 

Balance  on  Hand,  December  31st,  1918 $31  846.75 

Receipt  from   current  sources,   January   1st 

to  December  31st,  1919 $181  490.98 

Temporary  loan  from  C.  W.  Hunt 5  000.00 

186  490.98 

Payment    of    audited    vouchers    for    current 

business,  January  1st  to  December  31st, 

1919    $154  542.52 

Engineering  Council   4  000.00 

Library  Board 5  249.98 

Employment  Bureau   1  500.00 

Meetings  and  Miscellaneous 1  476.87 

Final   Payments   on   account   of   Alterations 

to  57th  Street  Building 18  647.71 

Refund  to  C.  W.  Hunt  of  temporary  loan.  .  5  000.00 


Balance  on  Hand  December  31st,  1919 : 

In  Garfield  National  Bank. .  .   $26  420.65 

In  Hands  of  Secretary 1  500.00         27  920.65 


$218  337.73     $218  337.73 


Respectfully  submitted, 

Arthur  S.  Tuttle, 

Treasurer. 
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NEW    BOOKS* 

(From  December  1st  to  December  31st,  1919) 

The   statements   made   in    these   notices   are   taken   from   the   books 
themselves,  and  this  Society  is  not  responsible  for  them. 


DONATIONS    TO    ENGINEERING    SOCIETIES    LIBRARY 

ELECTRICAL    ENGINEERING   PAPERS: 

A  Collection  of  the  Author's  most  Important  Engineering  Papers 
Presented  before  Various  Technical  Societies  and  Published  in  Engi- 
neering Journals  and  Elsewhere  from  Time  to  Time.  By  Benjamin  G. 
Lamme.  Westinghouse  Electric  &  Mfg.  Co.,  1919.  773  pp.,  illus., 
9x6  in.,  cloth.    $2.50.     (Gift  of  Author.) 

A  collection  of  thirty-one  papers  and  addresses  which  have  appeared  in  various 
periodicals  during  the  period  from  1897  to  1918.  These  papers  deal  with  problems 
of  generator  and  motor  design,  the  history  of  direct-current  generators  and  of  street 
railway  motors,  and  with  technical  training.  The  volume  is  published  by  the  West- 
inghouse Electric  and  Manufacturing  Company  to  commemorate  Mr.  Lamme's  con- 
nection with  it  for  thirty  years. 

SELENIUM  CELLS: 

The  Construction,  Care  and  Use  of  Selenium  Cells  with  Special 
Reference  to  the  Fritts  Cell.  By  Thomas  W.  Benson.  N.  Y.,  Spon  and 
Chamberlain;  Lond.,  E.  &  F.  N.  Spon,  Ltd.,  1919.  63  pp.,  18  illus., 
8x5  in.,  cloth.    $1.50. 

The  lack  of  definite  information  on  the  construction  of  selenium  cells  has  led  the 
author  to  publish  the  results  of  some  of  his  experiments.  After  a  brief  review  of 
various  tyjies  of  cells,  the  book  describes  in  detail  the  manufacture,  maturing,  and 
testing  of  the  Fritts  cell,  and  concludes  with  an  account  of  some  applications  and 
suggestions  on  the  care  of  cells. 

GUIDE  TO  THE   STUDY    OF   THE   IONIC   VALVE: 

Showing  Its  Development  and  Application  to  Wireless  Telegraphy 
and  Telephony.  By  William  D.  Owen.  Lond.,  Sir  Isaac  Pitman  and 
Sons.     59  pp.,  12  illus.,  6x4  in.,  cloth.     $1.00. 

This  little  volume  Is  intended  to  provide,  for  students  of  radio-telegraphy,  an 
impartial,  coherent  record  of  the  development  of  the  ionic  valve.  References  to  the 
original  sources  of  the  information  enable  the  reader  to  pursue  his  study  of  the 
subject. 

OIL  ENGINES:     DETAILS   AND  OPERATION. 

By  Lacey  H.  Morrison.  IST.  Y.,  McGraw-Hill  Book  Co.,  Inc. ;  Lond., 
Hill  Publishing  Co.,  Ltd.,  1919.  472  pp.,  illus.,  tab.,  diagrams,  9x6 
in.,  cloth.    $5.00. 

This  volume  is  intended  for  operators  of  oil  engines.  The  details  of  construc- 
tion of  the  more  important  oil  engines  manufactured  in  the  United  States  are 
described  and  the  proper  methods  of  adjustment  are  explained  at  length. 

MACHINE   TOOL   OPERATION: 

Part  I,  The  Lathe  Bench  Work  and  Work  at  the  Forge,  By  Henry 
D.  Burghardt.  N.  Y.,  McGraw-Hill  Book  Co.,  Inc.;  Lond.,  Hill 
Publishing  Co.,  Ltd.,  1919.     326  pp.,  illus.,  tab.,  8x5  in.,  cloth.    $2.00. 

The  author  of  this  work  has  used  his  experience  as  a  teacher  of  machine  work 
in  a  technical  high  school  to  prepare  a  textbook  for  those  who  desire  a  knowledge  of 
the  principles  and  elementary  operations  of  machine  shop  work,  suitable  for  use  in 
technical  and  trade  schools  and  in  apprenticeship  courses.  While  designed  primarily 
for  use  in  connection  with  lectures  by  an  instructor,  it  is  also  useful  for  self- 
instruction. 

*  Unless  otherwise  specified,  books  in  this  list  have  been  donated  by  the  publishers. 
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ELEMENTARY   PRINCIPLES  OF   AEROPLANE   DESIGN    AND   CONSTRUCTION  : 

A  Textbook  for  Students,  Draughtsmen,  and  Engineers.  By 
Arthur  W.  Judge.  Lond.  and  N.  Y.,  James  Selwyn  and  Co.,  Ltd.,  1919. 
116  pp.,  50  illus.,  13  tab.,  9x6  in.,  cloth.  $3.00.  (Gift  of  Isaac  Pitman 
&  Sons.) 

Written  to  provide  an  inexpensive  book,  of  an  elementary  nature,  dealing  with 
the  fundamental  principles  of  the  design  and,  to  a  certain  extent,  the  construction 
of  airplanes.  It  follows  the  plan  of  the  author's  larger  work,  to  which  it  may  serve 
as  an  introduction. 

CLAY  PLANT  CONSTRUCTION  AND  OPERATION. 

By  A.  F.  Greaves-Walker.  Chicago,  Brick  and  Clay  Eecord,  1919. 
212  pp.,  79  illus.,  9x6  in.,  cloth,    $4.00. 

In  writing  this  work  the  author  has  attempted  to  explain  in  understandable 
English  some  of  the  problems  of  the  manufacturer  of  structural  clay  products. 
Technical  terms,  formulas,  and  theories  have  been  avoided,  and  practical  facts  alone 
are  presented. 

METAL   WORKER'S   HANDY-BOOK   OF    RECEIPTS   AND   PROCESSES: 

Being  a  Collection  of  Chemical  Formulas  and  Practical  Manipula- 
tions for  the  Working  of  All  the  Metals  and  Alloys;  Including  the 
Decoration  and  Beautifying  of  Articles  Manufactured  Therefrom,  as 
Well  as  Their  Preservation.  Edited  by  William  T.  Brannt.  New 
enlarged  edition.  N.  Y.,  Henry  Carey  Baird  and  Co.,  Inc.,  1919. 
582  pp.,  illus.,  tab.,  8x5  in.,  cloth.    $3.00. 

Five  new  chapters  have  been  added  to  the  present  edition  of  this  work,  describ- 
ing methods  for  welding  with  the  oxy-acetylene  flames,  thermit,  and  electricity,  for 
galvanizing  and  for  die-casting. 

THE   MANUFACTURE   AND   TESTING   OF   MILITARY    EXPLOSIVES. 

By  John  Albert  Marshall.  N.  Y.,  McGraw-Hill  Book  Co.,  Inc.; 
Lond.,  Hill  Publishing  Co.,  Ltd.,  1919.     261  pp.,  8x6  in.,  cloth.     $3.00. 

This  volume  contains  a  concise  account  of  the  explosives  used  for  military  pur- 
poses, in  which  attention  is  directed  to  those  points  which  have  a  direct  bearing  on 
the  manufacture,  testing,  and  storage  of  these  substances.  An  extensive  bibliography 
is  included. 

THE   PETROLEUM    HANDBOOK. 

By  Stephen  O.  Andros.  Chic,  The  Shaw  Publishing  Co.,  1919.  206 
pp.,  illus.,  tab.,  7x4  in.,  flexible  cloth.    $2.00. 

In  a  book  of  pocket  size,  the  author  gives  the  fundamentals  of  each  phase  of  the 
oil  industry  necessary  to  a  clear  understanding  of  the  various  operations  entailed 
between  the  location  of  an  oil  well  and  the  distribution  of  the  refined  products.  The 
work  is  chiefly  a  compilation  from  the  standard  authorities,  arranged  for  those  who 
wish  a  brief,   accurate  account  of  the   industry,   devoid  of  unnecessary  detail. 

PRINCIPLES   OF    INDUSTRIAL  ORGANIZATION. 

By  Dexter  S.  Kimball.  2d  edition,  revised  and  enlarged.  N.  Y., 
McGraw-Hill  Book  Co.,  Inc.;  Lond.,  Hill  Publishing  Co.,  Ltd.,  1919. 
325  pp.,  21  illus.,  1  pi.,  12  tab.,  9x6  in.,  cloth.    $3.00. 

This  work,  the  first  edition  of  which  appeared  in  1913,  has  been  written  to  give 
young  engineers  a  concise  account  of  the  salient  facts  regarding  the  most  important 
economic  and  sociological  problems  with  which  they  will  be  brought  in  contact,  and 
to  explain  the  origin  and  growth  of  the  important  features  of  industrial  organiza- 
tion.    The  present  edition  has  been  revised,  re-arranged,  and  enlarged. 
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WHEN  THE   WORKMEN    HELP   YOU   MANAGE. 

By  William  E.  Basset.  N.  Y.,  The  Century  Co.,  1919.  266  pp., 
7x5  in.,  cloth.     $2.00. 

The  author  states  that,  as  a  result  of  large  practical  experience,  he  has  come 
to  the  conclusion  that  right  relations  between  employers  and  employees  depend  on 
the  establishment  of  arrangements  by  which  both  parties  may  express  themselves 
in  their  work,  without  the  intervention  of  outside  agencies.  In  this  book  he  develops 
certain  principles  underlying  satisfactory  relations  and  gives  examples  of  their 
successful   application   by  various   industrial   concerns. 

MILLIONS   FROM    WASTE. 

By  Frederick  A.  Talbot.  Phila.,  J.  B.  Lippincott  Co.;  Lond.,  T. 
Fisher  Unwin,  Ltd.,  1920.    308  pp.,  9x6  in.,  cloth.    $5.00. 

This  work  is  written  to  indicate  certain  of  the  most  obvious  channels  through 
which  wealth  incalculable  is  being  permitted  to  escape,  as  well  to  describe  some  of 
the  highly  ingenious  efforts  which  are  being  made  to  prevent  this  wastage.  While 
written  essentially  for  the  uninitiated,  it  will,  the  author  hopes,  prove  of  aid  to 
those  who  are  fully  alive  to  the  potential  values  of  refuse.  The  volume  is  confined 
to  those  phases  of  the  subject  which  are  familiar  to  the  average  person. 

INDUSTRIAL  RECONSTRUCTION  PROBLEMS: 

Complete  Report  of  the  Proceedings  of  the  National  Engineers, 
New  York  City,  March  18th-21st,  1919.    197  pp.,  9x6  in.,  paper. 

The  papers  presented  at  the  conference  dealt  with  a  wide  variety  of  problems 
connected  with  tlie  reorganization  of  our  industries  on  a  peace  basis.  Considera- 
tion is  given  to  questions  of  finance,  commerce,  production,  labor,  education,  manage- 
ment, etc. 

TECHNO-CHEMICAL   RECEIPT   BOOK  : 

Containing  Several  Thousand  Receipts  and  Processes,  Covering 
the  Latest,  Most  Important  and  Most  Useful  Discoveries  in  Chemical 
Technology  and  Their  Practical  Application  in  the  Arts  and  the 
Industries.  Compiled  and  Edited  by  William  T.  Brannt  and  William 
H.  Wahl.  New  enlarged  edition.  N.  Y.,  Henry  Carey  Baird  and  Co., 
Inc.,  1919.    516  pp.,  illus.,  tab.,  8  x  5  in.    $2.50. 

The  principal  aim  in  preparing  this  work  has  been  to  give  a  compendious  col- 
lection of  approved  receipts  and  processes  of  practical  applications  in  the  industries. 
The  receipts  have  been  principally  derived  from  German  sources  and  most  of  them 
have  been  tested  practically.  The  present  edition  has  been  revised  and  various 
receipts  added. 

TECHNISCHER    LITERATURKALENDER.   1918. 

Miinchen-Berlin,  R.  Oldenbourg.  640  columns,  1  por.,  8x6  in., 
cloth.    12  marks  plus  20%  increase. 

This  volume  is  a  concise  biographical  dictionary  of  living  German  authors  of 
technical  and  scientific  books,  compiled  by  the  Librarian  of  the  German  Patent 
Office.  Over  five  thousand  writers  are  included.  The  Information  given  includes 
their   addresses,    education,    age,    occupations,    technical   specialties,    publications,    etc. 

APPLIED  SCIENCE  FOR   METAL   WORKERS; 

Applied  Science  for  Wood- Workers.  By  William  H.  Dooley, 
N.  Y.,  The  Ronald  Press  Co.,  1919.    $2  each. 

These  volumes  present  a  course  in  the  general  principles  of  science,  which  gives 
particular  attention  to  their  applications  in  industry  and  is  intended  for  use  in 
vocational  high  schools,  industrial  schools,  apprentice  classes,  etc.  The  general 
scientific  matter  in  the  two  books  is  identical.  Additional  material  relating 
specifically  to  the  wood-working  trades  appears  in  one,  while  the  other  treats  of 
metal-working  in   similar  fashion. 
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BUILDINQ  OF  THE   PACIFIC  RAILWAY: 

The  Construction  Story  of  America's  First  Iron  Thoroughfare  be- 
tween the  Missouri  River  and  California,  from  the  Inception  of  the 
Great  Idea  to  the  Day,  May  10^  1869,  when  the  Union  Pacific  and  the 
Central  Pacific  joined  Tracks  at  Promontory  Point,  Utah,  to  Porm 
the  Nation's  Transcontinental.  By  Edwin  L.  Sabin.  Philadelphia  and 
London,  J.  B.  Lippincott  Co.,  1919.  317  pp.,  10  pi.,  4  por.,  1  map,  8x5 
in.,  cloth.     $2.00. 

Mr.   Sabin's  object  has  been   to  tell  how  the  Pacific  Railway   came   into  being : 

to  describe  the  actual  building  operations  by  which  the  Union  Pacific  Railroad,  from 

the   Missouri   River,    and   the   Central   Pacific   Railroad,    from   the   Sacramento   River, 

were  constructed  in  six  years  instead  of  the  allotted  fourteen.     The  book  is  a  popular, 

readabl.e  account  of  the  men  who  built  the  roads  and  of  the  methods  used. 
♦ 

STRENGTH  OF   MATERIALS: 

A  Textbook  for  Technical  and  Industrial  Schools.  By  John  Paul 
Kottcamp.  N.  Y.,  John  Wiley  and  Sons,  Inc.;  Lond.,  Chapman  and 
Hall,  Ltd.,  1919.    193  pp.,  illus.,  19  tab.,  8x5  in.,  cloth.    $1.50. 

The  course  of  instruction  presented  in  this  textbook  sets  forth  the  fundamental 
principles  with  a  minimum  of  mathematics,  and  shows  the  application  of  these  prin- 
ciples by  a  large  number  of  examples  which  are  worked  out  in  detail.  The  book 
is  based  on  the  author's  course  in  the  subject  at  Pratt  Institute. 
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MEMBERSHIP 

(From  Deoeiiihei-  4th.  1919.  to  January  8th,  1920) 

ADDITIONS 

MEMBERS  Date  of 

Membership. 
AcHER,   Albert   Hilands.      Chf.    Engr.,   U.    S."^ 

Food   Products   Corporation,   Hotel   Jef-   !    Assoc.  M.  April  7,  1915 

ferson,  Peoria,  111.    (Res.,   1720  Twenty-   f  M.  Nov.  25,  1919 

first  St.,  N.  W.,  Washington.  D.  C.)  .  .  .  .    1 

Berents,     Hans.     Cons.     Engr.,     1.5     Nanking  |    Assoc.  M.  Mar.  13,  1917 

Rd.,    Shanghai,    China [  M.  Oct.  15,1919 

Bushnell,   Horace  Leland.     Engi-.  and   Elstimator,  Grant 

Smith  &  Co.,  944  Henry  Bldg.,  Seattle,  Wash Nov.  25,  1919 

Butler,  Alfred  Dickey.    City  Engr.,  Spokane.    )   Assoc.  M.  Oct.  5,  1909 

Wash ^  M.  Nov.  25,  1919 

Clapper,  Leland.     Engr.,  Bridges  and  Bldgs.,    ) 

T-i  1   i.1,    p    T         T.  T>    -r>     rr        TT         I  Assoc.  M.     Aug.     31,  1915 

Duluth  &  Iron  Range  R.  R.,  Two  Har-    L  &  > 

bors,  Minn \  ^'-  ^^^  ^5,   1919 

Dittoe,    William    Henry.      Chf.    Engr.,    Ohio  j  Jun.  May  3,  1910 

State  Dept.  of  Health,  8  East  Chestnut  (.  Assoc.  M.  Oct.  1,   1912 

St.,  Columbus,  Ohio   )  M.  Sept.  9,  1919 

Ferebee,  James  Lumsden.     Prin.  Asst.  Engr.,    ^ 

,^.,        ,        o  n  /-!  .t      TT  11  r   Assoc.  M.     Mar.      2,   1915 

Milwaukee  Sewerage  Comm.,  Citv   Hall,  v 

,...        ,         „,.       "  •  r  M.  Nov.     25,  1919 

Milwaukee,   Wis \ 

Fox,  Herman  Henry.      ( Fox-Redpath   Constr.  "j 

r.    \     imo -NT       -I'     1    T -f     nil       T'  I   Assoc.  M.     Sept.      5,  1911 

Co.),  1012  New  lork  Life  Bldg..  Kansas    L  ^  ' 

r,..        ,;r  i^-  Nov.     25,    1919 

City,  Mo )  ' 

Green,    Frederick    William.      Vice-Pres.,    St.    ]   Assoc.  May       1,  1907 

L.,   S.   W.   Ry.   Lines,   6203   Washington    (.  Assoc.  M.     June    24,   1914 

Ave.,  St.  Louis,  Mo )  M.  Nov.     25,  1919 

Hicks,  John  Robert.     Engr.  Dept.,  U.  8.  Coal  &  Coke  Co., 

Box   161,   Gary,   W.   Va , Nov.     25,   1919 

HoDGMAN,    Burt    Bradley.      Chf.    Engr.,    National    Water 

Main  Cleaning  Co.,  50  Church  St.,  New  York  City..      Nov.     25,   1919 
Holland,  Leon  Lynwood..     R.  F.  D.  No.  1,  Saunderstown, 

R.    I Nov.     25,   1919 

Knoph,     Olaf    Ingvald.     Cons.    Engr.    Miinch's    Gate    7, 

Christiania,  Norway    Oct.      14,    1919 

Kurtz,  Ford.     Res.  Engr.,  J.  G.  White  Eng.  Corporation, 

43  Exchange  PI.,  New  York  City •. 

Lee,    Arthur    Carl.      Res.    Engr.,    Southern    ^    Assoc.  M. 

Power  Co.,  Charlotte,  N.  C f  M. 

LuKESH,  GusTAVE  RuDOLF.     Dist.  Engr.,  U.  S.  Engr.  Office, 

Customhouse,   Charleston,  S.  C Nov.     25,   1919 

LusK,    Charles    Winslow.      Civ.    and    San.    )    .  ,r      ^  ,         i     imo 

/   Assoc.  M.     Oct.        1,  1913 
Engr.,  Pittsburgh  Filter  &  Eng.  Co.,  165    I  ^^  ^^^      ^^    ^^^g 

Mayer  St.,  Oil   City,   Pa \  ^  '  '     "  ' 


Nov. 

25, 

1919 

Nov. 

28, 

1916 

Nov. 

25, 

1919 
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MEMBERS    {Continued)  Date  of 

Membership. 
1895 

1900 

1919 


_        ,  ..         ,   Jun.  April  30 

Magok,    Henry    Basil.      115    Broadwav,    Aew    /     .  ,,      ^^  _ 

'  .  '  I    Assoc.  M.     Mar.      7 


1917 
1919 

1913 
1919 

1919 

1909 
1919 

1919 

1914 
1919 

1916 
1919 


1914 
1919 


^""'^   ^'^y    • (m-  Nov.  25 

Meeriam,  Charles  Allen.     Archt.  and  Engr.  •\ 

(Doyle  &  Merriam),  20  Seattle  National  (.  ^J'^''^-  ^^^  ^^ 

Bank  Bldg.,   Seattle,   Wash \      '                        •  ^^ 

Rathjens,    George    William.      486    Portland  i    Assoc.  M.  June  4 

Ave.,  St.  Paul,  Minn ^'"  M.  Nov.  25 

Sang,    Tojiro.  Engr.    in    Chf.,    City    of   Kobe,  City    Office, 

Kobe,  Japan    Oct.  14 

Sawyer,     Donald     Hubbard.       Mgr.,     James  ]  &     ■]  a 

Stewart  &  Co.,  Inc.,   Statler  Hotel,   De-    '.  f/'"'-  ^^-     t^''^  J" 
...-,..-,  i  M.  ^ov.     25 

troit,  Mich ) 

ScHULz,    Edward   Hugh.     Lt.-Col.,   Engrs.,   U.    S.   A.,   400 

Federal  Bldg.,  IMilwaukee,  Wis Oct.      14 

Schwendener,      Karl      DeWitt.     Structural    1  a     -i     i 

Engr.,  1316  Washington  Bldg.,  Los  An-    V  ff^^^'  zJ'^'    „: 

,^    '    .  ,                    ^               ^  '  (   M.  Nov.     25 

geles,    Lai ) 

Stivers,  Arthur  Ducat.     Asphalt  Sales  Dept.,    i     .  ,,      o     i^     ,^ 

The    Texas    Co.,    801    Fifth    Ave.,    Fort    [  tr"'  ^^^     l"^^'    11 
..,     ,,     ^  i   M.  Nov.     25 

Worth,  Tex ) 

VAN  Rensselaer,  Allen.     Advisory  Engr.  on  ^ 

Water  Supply,  Mexican  Border  Project.   1    Assoc.  ^1.     June    24 
Constr.   Div.,   U.    S.   A.,   Box   83,    Camp   !    M.  Nov.     25 

Travis,  San  Antonio,  Tex j 

Williams,  John  Huw.  Personal  Asst.  to  Engr.-in-Chf., 
and  Dist.  Engr.,  Canton-Hankow  Ry.,  Hankow, 
China    ' Oct.      14,  1919 

ASSOCIATE    members 

Allin,   Ray   Lester.      Civ.   and   Hydr.   Engr..   ^    Jun.  Sept.     2,  1914 

766   West    13th   St.,   Oakland,   Cal f  Assoc.  M.     Nov.     25,   1919 

Althouse,    Irvin   Henry.      Supt.   and   Engr.,   Terra   Bella 

Irrig.    Dist.;     Cons.    Engr.,    Alpaugh     Irrig.    Dist., 

Porterville,    Cal Nov.    25,   1919 

Bailhache,  John  Goodin.     478  Sutter  St.,  San   )    Jun.  Sept.      2.   1914 

Francisco,    Cal \    Assoc.  M.     Oct.      14,  1919 

Baker,   William   Dartis.      Chf.   Engr.,   Truscon   Steel    Co., 

1258  North  57th   St.,   Philadelphia,   Pa Sept.      9.   1919 

Barker,  Edgab  Earl!     Care,  Citizens  Bank,  Nevada   City. 

Cal Sept.      9,   1919 

Baxter,  Wakren  Gammell.    Cons.  Engr.,  1104  Turks  Head 

Bldg.,   Providence,  R.   I Nov.     25,   1919 

Bernstein,  Leo  Harry.     Designer,  Concrete  Steel  Co.,  364 

West  121st  St.,  New  York  City Sept.      9,   191!) 

BuzBY,  Arthur  Dudley.     Asst.  to  Designing  Engr.,   Chile 

Exploration  Co.,  120  Broadway,  New  York  City....      Nov.     25,   1919 
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ASSOCIATE    MEMBERS     (Continued)  Date  of 

Membership. 
Carruthers,   Robert   Bruce.      Care,   Transcontinental    Oil 

Co.,   Comanche,   Tex Nov.  25,   1919 

Carson,  Harry  Young.     Engr.,  Am.  Cast  Iron  i    Jun.  Mar.  14,  1916 

Pipe  Co.,  Birmingham,  Ala ^  Assoc.  M.  Oct.  14,   1919 

Coffman,    Clyde    Daniel.      337    Fernwood    Drive,    Akron, 

Ohio    Mar.  11,   1919 

Combs,  Claude  Artist.     Asst.  Engr.  on  Constr.,  A.,  T.  & 

S.  F.  System,  612  Harrison  St.,  Porterville,  Cal Nov.  25,1919 

DE  JoNGH,  Arthur  Francis.     Care,  Banco  de  )    Jun.  Dec.  3,  1912 

Fomento,   Santiago   de   Cuba,   Cuba f  Assoc.  M.  Sept.  9,  1919 

Dow,    Edwin    Arthur.      Asst.    Hydr.    Engr.,  •k    ,  ^ 

'  ,,       ,        ,,         „.     „  ^     %.  I    Jun.  Oct.      31,   1911 

Power     Constr.     Co.,     30     Harvard     St..  I.  ,,  ^,        ,.,„,„ 

„,  ,        ,,  1    Assoc.  M.  Oct.      14,  1919 

Worcester,  Mass \ 

Ellis,  Richard.  Chf.  Designer,  Lockwood,  Greene  &  Co., 
245  State  St.,  Boston  (Res.,  448  Broadway,  Cam- 
bridge), Mass June    16,   1919 

Fogg,  Ralph  Justin.     Head,  Civ.  Eng.  Dept.,  Lehigh  Univ., 

South   Bethlehem,    Pa Nov.     25,   1919 

Fontaine,   John   Eaton.     Chf.   of   Party   and  Res.   Engr., 

Morgan  Eng.  Co.,  622  Goodwyn  Inst.,  Memphis,  Tenn.      Nov.     25,   1919 

Garland,  Eldon  Addison.  Chf.  Engr.,  Doheny  Oil  &  Ranch 
Co.  (Ranch  Div.),  1202  Garden  St.,  Santa  Barbara, 
Cal Nov.     25,  1919 

Green,  Roy  Melvin.     Prof,  of  Highway  Eng.,  Agricultural 

and  Mech.  Coll.  of  Texas,  College  Station,  Tex Nov.    25,  1919 

Greenleaf,  Donald  Leal.  With  Coke  Dept.,  Wisconsin 
Steel  Co.,  South  Chicago  (Res.,  5463  Blackstone  Ave., 
Chicago),  111 Nov.    25,  1919 

Hart,  Arthur  John.  Chf.  Representative  Engr.  in  Aus- 
tralia, The  Indented  Bar  &  Concrete  Eng.  Co.,  Ltd., 
375  George  St.,  Sydney,  New  South  Wales,  Australia.      Oct.      14,  1919 

Hay,  William  Wren.  New  York  Mgr.,  Les  Establisse- 
ments,  A.  W.  Pidwell  of  Paris,  France,  137  Fife  St., 
Forest  Hills,  N.  Y 

Haynes.  Harwood  Syme.    210  Mclver  St.,  Greei 

Hays,  James  Buchanan.  (Hays,  Sloan  & 
Lewis),  306  Boise  City  National  Bank 
Bldg.,   Boise,   Idaho 

Heidel,  Charles  Sumner.  Hydrographer, 
Montana  State  Engr.'s  Office,  608  North 
Davis   St.,  Helena,  Mont 

Herman,  Ralph  Emerson,  Jr.     Care,  C,  M.  &  St.  P.  R.  R., 

421  Wells  Fargo  Bldg.,  San  Francisco,  Cal April   14,   1919 

Jones,  Alfred.     Chf.  Deputy   County   Surv.,   Los  Angeles 

County,  702  Hall  of  Records,  Los  Angeles,  Cal Nov.     25,   1919 


Oct. 
June 

14, 
16, 

1919 

)oro,  N.  C. 

1919 

Jun. 

Oct. 

1, 

1913 

Assoc.  M. 

Nov. 

25, 

1919 

Jun. 

July 

2, 

1913 

Assoc.  M. 

Oct. 

14, 

1919 

108  MEMBERSHIP — ADDITIONS  [Society  Affairs. 

ASSOCIATE    MEMBERS     [Continued)  Date  of 

Membership. 
Kiel,  Frank  Buedette.      (Bird  &  Kiel),  43  Moore  &  Turner 

Bldg.,  Little  Rock,  Ark Nov.     25,   1919 

King,   Frank  Elmer.     Mgr.,  New   York   Office,   Pittsbiirgli 

Bridge  &  Iron  Works,  2  Rector  St.,  Room  1426,  New 

York  City  (Res.,  20  Hillside  Ave.,  Newark,  N.  J.)  .  .  .  Nov.  25,  1919 
Letts,  Joseph  Clinton.     Capt.,  Engrs.,  U.  S.  A.,  U.  S.  Gen. 

Hospital  No.  41,  Fox  Hills,  N.  Y Nov.     25.   1919 

McCarthy,    Justin    Charles.     183    West    87tli    St.,    New 

York   City Nov.     25,  1919 

Malvig,  Axel  Osvald.     Y.  M.  C.  A.,  Detroit,  Mich Nov.     25,   1919 

Martinez,  Rolando  Arnoldo.      With  Havana  \    ^  ^  ,     ,^ 

o  J     Ti       •  T^      i         r-  t:^  /     Juil-  I^ec.  1,    1908 

Sewer   and   Paving   Dept.:    Cons.    Lngr.,  y    ,  ,^      ^^  „^    ,„,^ 

.^    TT               r,\.  I  Assoc.  M.     Nov.     25,   1919 

Obispo   59,   Havana,    Cuba \ 

Miller,  Walter  Scott.  Asst.  Engr.,  Meigs,  Simon  & 
Fearing,    Pennsylvania    Bldg.,     Philadelphia     (Res., 

Parkland) ,  Pa Nov.      25,  1919 

Miller,  William  Aitken.  Lecturer  in  Civ.  Eng.,  P.  N. 
Russell  School  of  Eng.,  Univ.  of  Sydney,  Sydney,  New 

South    Wales,    Australia Sept.      9,  1919 

Myers,  Richard  Austin.  Care,  South-Eastern  Under- 
writers Assoc,  Atlanta,  Ga Nov.     25,  1919 

Neely,    Marvin    Young.      Hydr.    Engr.,    Birkinbine    Eng. 

Offices,  4628  Spruce  St.,  Philadelphia,  Pa Nov.     25,  1919 

NiCKEY,   Emit   Coin.     Highway  Engr.   and   County   Surv., 

Butler  County,  Court  House,  Poplar  Bluff,  Mo Nov.     25,1919 

Nixox,  Harry  Stillwell.  Asst.  Engr.,  U.  P.  R.  R., 
Room  ■  1007,     Union     Pacific     Headquarters      Bldg., 

Omaha,    Nebr Oct.      14,  1919 

Ore,  Newell  Hamilton.     Asst.  Engr.,  Erecting  Dept.,  Am. 

Bridge  Co.,  1526  Frick  Bldg.,  Pittsburgh,  Pa Nov.     25,   1919 

Phillips,  John  March.     Res.  Engr.,  Clyde  Potts,  Latlirop 

Ave.,  Boonton,  N.  J Nov.     25,   1919 

Polansky,  Theodore  Arthur.  Field  Constr.  Engr.,  Port- 
land Cement  Assoc,  408  Union  Trust  Bldg.,  Parkers- 
burg,  W.  "V^a Nov.     25,  1919 

Randall,  Robert  Henry.     Cons,  and  Contr.  Engr.    (R.  H. 

Randall  &  Co.),  1250  Nicholas  Bldg.,  Toledo,  Oliio.  .  .      Nov.     25,   1919 
Robertson,      Fonzie     Eugene.      Arclit.      nnd  ^ 

Structural  Engr.    (Taylor,   Robertson   &   i    Jun.  June    11,   1917 

Griesenbeck),    Southwestern    Life   Bldg.,  f    Assoc.  M.     Nov.    25,  1919 

Dallas,   Tex J 

RosENWALD,  Jesse.  With  Maurice  Q.  Couehot,  1500  Sacra- 
mento St.,  San  Francisco,  Cal Nov.    25,  1919 

Ross,  William  Claiborne.     Hazen,  Ark Nov.    25,  1919 


.hiiuiary,  l!l:i(».  I  MEMBERSHIP — ADDITIONS  109 

ASSOCIAIE    MEMBERS     (Continued)  Date  of 

Membership. 
ScHNABEL,    William    Charles.     Cons.    Engr.,    3016    Hart- 
ford Rd.,  Baltimore,  Md Nov.    25,  1919 

Schuyler,  Walter  Wesley.     Supt.  of  Affricul-  \    ^ 

+           TT   •+  J    17     •^.    r         Tj      ^     %,■  /   J""-               M:ay  6,  1914 

ture,    United    Fruit    Co.,    Preston    Div.,  L    .  ,              j  > 

r,             r^  ■     i.      r-i  t    Assoc.  M.     Nov.  25,   1919 

Guaro,  (Jrieiite,  Cuba \ 

Shlessinger,    Jacob.      Junior    Engr.,    U.    S.    Engr.    Office, 

2798  W"est  North  Ave.,  Baltimore,  Md Nov.     25,  1919 

SiEMS,  Valentine  Bernard.     Prin.  Asst.  Engr.,  Baltimore 

City  Water  Dept.,  Eng.  and  Constr.  Div.    (Res.,  710 

East  33d  St.) ,  Baltimore,  Md Nov.     25,   1919 

Singh,  Kirpal.     Sub-divisional   Officer,   Canal  Dept.,  Irrig. 

Branch,     Punjab    Upper     Chanab     Canal,    Jethuwal, 

Amritsar,    India June    16,  1919 

Spear,  William  Howard.     Res.  Engr.,  W.  M.  Ledbetter  & 

Co.,  601   Pacific  Elec.  Bldg.,  Los  Angeles,  Cal Nov.     25,   1919 

Stanton,  William  Macy.     Senior  Progress  Engr.,  Office  of 

the    Vice-Pres.,    U.    S.    Shipping    Board,    Emergency 

Fleet    Corporation,    Philadelphia     (Res.,    85    North 

Lansdowne  Ave.,  Lansdowne) ,  Pa Nov.     25,   1919 

Strattman.   Charles   Robert.     405   Chickasaw   Ave.,   Bar- 

tlesville,   Okla Nov.     25,  1919 

Sylliaasen,  Melvin  Oliver.     Structural  Plan'^ 

Checker,  Seattle  Bldg.  Dept.,  510  County   '    Jun.  Feb.       4,   1914 

City  Bldg.    (Res.,  907   West  Howe   St.),   [Assoc.  M.     Nov.    25,   1919 

Seattle,  Wash j 

TsAi,  Ping  Ye.     Asst.  Engr.,  Chinese  Govt.  Rys..  Care,  Chu- 

chow-Chinchow   Ry.,   Peking,    China Oct.      14,   1919 

Ungeb,     William     Louis.     Bridge     Designer,  -^ 

N.    Y.    C.    R.    R.,    Office    of    Engr.    of 

Structures,    540    Lexington   Ave.,   Room 

631,    New    Y'ork    City     (Res.,    144    One 

hundred      Forty-fourth      St.,      Jamaica, 

N.  Y.) ". J 

Walker,  Edson  Ozro.     Mgr.,  Chicago  Dist.,  Concrete  Eng. 

Co.,  140  South  Dearborn  St.,  Chicago,  111 Nov.     25,   1919 

Wakren,    Albert    Kendall.      Senior    Engr.    and    Deputy 

County  Surv.,  702  Hall  of  Records,  Los  Angeles,  Cal.     Nov.     25,   1919 
Whitaker,    Ralph    W^arren.     City    Engr.    and    Supt.    of 

Streets,  City  Hall,  Bakersfield,  Cal Nov.     25,  1919 

Wickiiam,   James   Thomas.     Lieut.,   Royal   Engrs.,   Mount 

Folly,   Wexford,    Ireland Nov.     25,  1919 

WiLLEY,  Leo  Cecil.     1455  Leavenworth  Ave.,  Apartment  6, 

San  Francisco,  Cal Nov.     25,   1919 

W'lLSON,  Harry  Keith.    31  Prospect  St.,  East  Orange,  N.  J.     Nov.    25,  1919 
Witt,  Robert  Eurbank.    Prof.,  Civ.  Eng.,  Univ.  of  Detroit, 

491   Jefferson  Ave.,  East,  Detroit,  Mich Nov.     25,  1919 


Jun.  Oct.        7,   1914 

Assoc.  M.     Nov.     25,  1919 
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ASSOCIATE    MEMBERS     {Continued)  Date  of 

Membership. 
Wolfe,  Walter  McIlhajsey.     Contr.  Engr.,  North -Eastern 

Constr.  Co.,  Gen.  Delivery,  Aberdeen,  Md Nov.     25,   1910 

Young,    Stell   Kay.     Secy,   and  Asst.    C'hf.   Engr.,   Miami 

Conservancy  Dist.,  Care,  Conservancj^  Office,  Kenton, 

Ohio Nov.     25,  1919 

associates 

Ht'NT,  Harry  Hauver.     Gen.  Contr.    (Grant  8niith  &  Co.), 

019  Fernwell  Bldg.,  Spokane,  Wash Nov.     25,   1919 

JUNIORS 

Christian,  Valentine.  312  Union  Ave.,  Rutherford,  N.  J.  Nov.  25,  1919 
Henry,  John  Bernard.     Supt.,  Imperial  Wa.ter  Co.  No.  .3, 

Calipatria,    Cal Nov.     25,   1919 

Johnson,    David    Terrill.     2d    Lieut.,    Engrs.,    U.    S.    A., 

The  Engr.  School,  Camp  A.  A.  Humphreys,  Va Nov.     25,   1919 

KiNCH,  Mason  Hill.     Office  Engr.,  State  of  Illinois  Dept. 

of    Public    Works    and    Bldgs.,    Div.    of    Highways, 

302  Apollo  Theatre  Bldg.,  Peoria,   111 Nov.     25,   1919 

Kramer,    Hans.     Capt.,    Corps   of    Engrs.,    U.    S.    A.,    The 

Engr.  School,  Camp  A.  A.  Humphreys,  Va Nov.     25,   1919 

McCuRDY,  Byron  Casper.     Turrel,  Ark June    16,  1919 

Nichols,  Marvin  Curtis.     Rockwall,  Tex Nov.    25,  1919 

Pace,  Ragsdale.     Gen.  Siipt.  and  Designer,  B.  F.  &  C.  M. 

Davis,  407  Reynolds  Bldg..  Fort  Worth,  Tex Nov.     25,   1919 

Stockwell,    Harry   David.     C'hf.    Surv.,    Operating   Dejit., 

Braden  Copper  Co.,  Sewell,  Rancagua,  Chile Oct.      14,   1919 


RESIGNATIONS 

MEMBERS 


Date  of 
Resignation. 

AsHTON,    William Dec.  31,  1919 

Benedict,  Herschel  Albert Dec.  31,  1919 

Fellows,  Abraham  Lincoln Dec.  31,  1919 

Garlinghouse,   Frederick  Leman Dec.  31,  1919 

Hunter,  John  Burnap Dec.  31,  1919 

PoLLEYS,  William  Vaughax Dec.  31,  1919 

Richards,    Albert    Lennox Dec.  31,  1919 

Shannahan,   John   Newton Dec.  31,  1919 

YuiLLE,   Nathaniel   Alston Dec.  31,  1919 

associate  members 

Adams,  Edward  Maguire Dec.  31,  1919 

Banks,  George  Hill Dec.  31,  1919 

Beck,   Alfred  Fortin Dec.  31,  1919 

Clox'gh,  Albert  Haskell Dec.  31,  1919 
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ASSOCIATE    MEMBERS     {Continued)  Date  of 

Resignation. 

Cook,  Kiciiaku   Bailey Dec.  31,  1919 

Day,    Warren    Ellis Dec.  31,  1919 

DeLamere,  Charles  Thomas     Dec.  31,  1919 

Edmondson,  Ralph  Seldon Dec.  31,  1919 

Evans,  John  Maurice Dec.  31,  1919 

Fain,   James    Rhea Dec.  31,  1919 

Ferguson,   Wilbur  Earle Dec.  31,  1919 

Goodman,    Leon Dec.  31,  1919 

Green,  Arthur  Brooks Dec.  31,  1919 

Harrington,   Harry   Garfield Dec.  31,  1919 

Harris,  Frank  Sampson  Masox Dec.  31,  1919 

Herkness,   Lindsay   Coates Dec.  31,  1919 

Johnstone,  William  Bard Dec.  31,  1919 

Keith,  Charles  Whiteside Dec.  31,  1919 

Kelley,  Matthew  DeTobin Dec.  31,  1919 

King,   Eric   Tube Dec.  31,  1919 

KiNGSLEY,  Edgar  Albert Dec.  31,  1919 

Lee,   Charles   Henry Dec.  31,  1919 

Leeds,  Livingston  Allaire Dec.  31,  1919 

Nabstedt,  Arthur  Theodore Dec.  31,  1919 

Newton,  Jewett  Beach Dec.  31,  1919 

Patterson,  Laurence Dec.  31,  1919 

RowE,  Wilfred  Lincoln Dec.  31,  1919 

Stewart,  Benjamin  Franklin,  Jr Dec.  31,  1919 

SwiCKARD,  Andrew Dec.  31,  1919 

Trow,  Frank  Hamant Dec.  31,  1919 

Wells,  Walter  Melvin Dec.  31,  1919 

Wiggins,   Ralph   Raymond Dec.  31,  1919 

Wilson,  Harry  Percival Dec.  31,  1919 

ASSOCIATES 

Irwin,    William    Clark Dec.  31.  1919 

juniors 

Brown,   Harry   Madara Dec.  31,  1919 

Burr,   George  Lindsley Dec.  31,  1919 

Darville,   Merton  Arthur Dec.  31,  1919 

Elliott,    Percival Dec.  31,  1919 

Feiner,  Mark  Antony Dec.  31,  1919 

Gambier-Bousfield,  George  Edmund Dec.  31,  1919 

Howard,    Gerald    Branch Dec.  31,  1919 

Morrow,  Clarence  Edgar Dec.  31,  1919 

MuDD,   John   Posey Dec.  31,  1919 

Rader,  James   Wilson Dec.  31,  1919 

Rosenfeld,    James    Roy Dec.  31,  1919 

Swigart,    Clyde    Arthur Dee.  31,  1919 
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DEATHS 

Archer,  William.  Elected  Member,  March  2d,  1881;  died  November  24th, 
1919. 

Brown,  Stephen  Pearson.  .Elected  Associate  Member,  October  5th,  1904; 
Member,  November   1st,   1910;    died   December   6th,   1919. 

HiMES,  Albert  James.  Elected  Associate  Member,  November  6th,  1895; 
Member,  June  7th,  1899;   died  November  3d,  1919. 

Hodge,  Henry  Wilson.  Elected  Junior,  January  5th,  1887;  Member,  Oc- 
tober 2d,  1895;   died  December  21st,   1919. 

Huntington,  Linn  Murdoch.  Elected  Junior,  May  2d,  1905;  Associate 
Member,  August  31st,  1909;  Member,  December  31st,  1913;  died 
November  24th,  1919. 

King,  Paul  Sourin.  Elected  Member,  July  3d,  1889;  died  October  30th, 
1919. 

Newtbrough,  William.  Elected  Member,  April  6th,  1904;  died  November 
1st,   1919. 

O'DoNNELL,  John  Patrick.  Elected  Member,  July  5th,  1893;  died  Decem- 
ber 2d,  1919. 

Smead,  Raphael  Chart.  Elected  Member,  February  1st,  1905;  died  Novem- 
ber 28th,  1919. 

Stearns,  Frederic  Pike.  {Past-President.)  Elected  Member,  October  2d, 
1878;   died  December  1st,  1919. 

Strong,  Mason  Romeyn.  Elected  Member,  March  6th,  1901;  died  Decem- 
ber 2d,  1919. 

Van  Buren,  Robert.  Elected  Member,  June  17th,  1808;  died  December 
16th,  1919. 


Total  Membership  of  the  Society,  January  8th,  1920, 
9  417. 
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MONTHLY  LIST  OF  RECENT  ENGINEERING  ARTICLES  OF 

INTEREST 

(November  22d  to  December  22d,  1919) 
Note. — This  list  is  published  for  the  purpose  of  placing  before  the 
members  of  this  Society,  the  titles  of  current  engineering  articles, 
which  can  be  referred  to  in  any  available  engineering  library,  or  can  be 
procured  by  addressing  the  publication  directly,  the  address  and  price 
being  given  wherever  possible. 

LIST  OF  PUBLICATIONS 

In  the  subjoined  list  of  articles,  references  are  given  by  the  number 
prefixed  to  each  journal  in  this  list: 

(2 
(3 


(4 
(5 
(6 
(7 
(8 
(9 
(11 

(12 

(13 

(15 
(16 

(17 

(18 
(19 

(20 
(21 

(22 

(24 
(25 
(26 
(27 
(28 
(29 
(32 


(3:i 
(36 
(40 


Journal,     Engrs.     Club     of     Phila.,  (41)    Elektrotechnische  Zeitschrift,  Berlin, 

Philadelphia,    Pa.  Germany. 

Journal,    Franklin     Inst.,    Philadel-  (42)    Proceedings,  Am.  Inst.  Elec.  Engrs., 

phia.   Pa.,   50c.  New   York   City,    $1. 

Journal,    Western    See.    of    Engrs.,  (43)    Annates    des    Fonts    et    Chaussees, 

Chicago,   111.,  50c.  Paris,    Prance. 

Journal,  Eng.  Inst,  of  Canada,  Mon-  (45)    Coal  Age,  New   York   City,   15c. 

treal.  Que.,  Canada.  (46)    Scientific  American,  New  York  City, 

Journal,  Am.  Inst,  of  Archts.,Wash-  15c. 

ington,  D.  C,   50c.  (47)    Mechanical    Engineer,    Manchester, 

Gesundheits       Ingenieur,       Munich,  England,    3d. 

Germany.  (48)    Zeitschrift,     Verein     Deutscher     In- 

Stevens  Indicator,   Hoboken,    N.   J.,  genieure,      Berlin,     Germany,     1, 

50c.  60   m. 

Industrial   Management,    New   York  (49)    Zeitschrift    filr    Bauwesen,    Berlin, 

City,    25c.  Germany. 

Engineering  ('London),'W.    H.Wiley,  (50)    Stahl   und   Eisen,    Diisseldorf,    Ger- 

432  Fourth  Ave.,  New  York  City,  many. 

25c.  (53)    Zeitschrift,      Oesterreichischer      In- 

The     Engineer      (London),      Inter-  genieur    und    Architekten-Verein, 

national     News     Co.,     New     York  Vienna,   Austria,   70h. 

City,  35e.  (54)    Transactions,  Am.   Soc.   C.   E.,   New 

Engineering   Wetos-iJecord,  New  York  York  City,  $16. 

City,   15c.  (55)    Meclianical     Engineering:     Journal, 

Railway  Age,  New  York   City,   15c.  Am.   Soc.  M.  E.,   New  York  City, 

Engineering    and    Mining    Journal,  35c. 

New  York  City,   15c.  (56)    Transactions,    Am.    Inst.    Min.    and 

Electric      Railway     Journal,      New  Metallurgical    Engrs.,    New    York 

York   City,    10c.  City,  $6. 

Railway  Revieio,  Chicago,   111.,   15c.  (57)    Colliery     Guardian,     London,     Eng- 

Scientiflc      American       Supplement,  land,   5d. 

New   York   City,   10c.  (58)    Proceedings,  Engrs.'  Soc.  of  W.  Pa., 

Iron  Age,  New   York  City,   20c.  2511     Oliver     Bldg.,     Pittsburgh, 

Railway     Engineer,     London,     Eng-  Pa.,  50c. 

land.   Is.   2d.  (59)     Proceedrngrs,  American  Water  Works 

Iron  and  Coal  Trades  Revieio,  Lon-  •             Assoc,  Troy,   N.   Y. 

don,  England,   6d.  (60)    Municipal  and  County  Engineering, 

American  Gas  Engineering  Journal,  Indianapolis,   Ind.,  25c. 

New  York  City,   10c.  (61)    Proceedings,  Western  Railway  Club, 

Railway  Mechanical  Engineer,  New  225    Dearborn    St.,    Chicago,    111., 

York  City,  20c.  25c. 

Electrical     Review,     London,     Eng-  (62)    American  Drop  Forger,  Thaw  Bldg., 

land,   4d.  Pittsburgh,   Pa.,   10c. 

Electrical    World,    New    York    City,  (63)    Minutes  of  Proceedings,  Inst.  C.  E., 

10c.  London,  England. 

Journal,       New      England       Water-  (64)    Power,   New  York  City,   10c. 

Works  Assoc,   Boston,   Mass.,   $1.  (65)    Official    Proceedings,  New  York  Rail- 

Journal,    Royal    Soc.    of   Arts,    Lon-  road   Club,   Brooklyn,   N.   Y.,   15c. 

don,    England,    6d.  (66)    Gas  Journal,   London,   England,    6d. 

Memoires     et     Compte     Rendu     des  (67)    Cement  and  Engineering  News,  Chi- 

Travaux,      Soc.       Ing.       Civ.      de  cago.    111.,    25c. 

France,   Paris,   France.  (69)    Eisenbau,    Leipzig,    Germany. 

Le  Genie  Civil.  Paris.  France,  1  fr.  (71)    Journal.   Iron   and  Steel   Inst.,   Lon- 

Cornell  Civil  Engineer,  Ithaca,  N.Y.  don,  England. 

Zentralblatt      der      Bauverivaltung,  (71(7)    Carnegie  Scholarship  Memoirs,  Iron 

Berlin,  Germany,   60  pfg.  and  Steel  Inst.,  London,  England. 
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(72)  American  Machinist,  New  York  City, 

15c. 

(73)  ElectriciaHj   London,    England,    18c. 
(75)    Proceedings,  Inst,   of   Mech.   Engrs., 

London,   England. 

(77)  Journal,  Inst.  Elec.  Engrs.,  London, 

England,   5s. 

(78)  Beton  und  Eisen,   Vienna,    Austria, 

1,   50m. 

(80)    Tonindustrie   Zeitung,   Berlin,    Ger- 
many. 

(83)    Gas  Age,  New  York  City,   15c. 

(85)  Proceedings,   Am.    Ry.   Eng.    Assoc, 

Chicago,  111. 

(86)  Engineering   and   Contracting,   Chi- 

cago,  111.,   10c. 

(87)  Railway  Maintenance  Engineer,  Chi- 

cago,  111.,  10c. 

(88)  Bulletin    of    the    International    Ry. 

Congress    Assoc,    Brussels,    Bel- 
gium. 

(89)  Proceedings,    Am.    Soc    for   Testing 

Materials,    Philadelphia,    Pa.,    $5. 

(90)  Transactions,  Inst,  of  Naval  Archts., 

London,  England. 

(91)  Transactions,  Soc.  of  Naval  Archts. 

and    Marine    Engrs.,    New    York 
City. 

(92)  Bulletin,       Soc.       d'Encouragement 

pour  rindustrie  Nationale,  Paris, 
France. 

(93)  Revue  de  Metallurgie,  Paris,  France, 

4   fr.   50. 
(96)    Canadian    Engineer,    Toronto,    Ont., 

Canada,    10c. 
(98)    Journal,    Engrs.    Soc.    of    Pa.,    Har- 

risburg,    Pa.,    30c. 


(99)  Proceedings,  Am.  Soc.  of  Municipal 

Improvements,    New  York  City,  $2. 

(100)  Professional     Memoirs,     Corps     of 

Engrs.,     U.     S.     A.,     Washington, 
D.   C,    50c 

(103)  Mining   and    Scientific   Press,    San 

Francisco,  Cal.,  10c. 

(104)  The   Surveyor   and   Municipal   and 

County    Engineer,    London,    Eng- 
land, 6d. 

(105)  Chemical    and    Metallurgical    En- 

gineering, New  York  City,  25c. 

(106)  Transactions,  Inst,  of  Min.  Engrs., 

London,  England,  6s. 

(107)  Schweizerische  Bauzeitung ,  Z\XT\ch, 

Switzerland. 

(109)  Journal,  Boston  Soc.  C.  B.,  Boston, 
Mass.,    50c. 

(Ill)  Journal  of  Electricity,  San  Fran- 
cisco,  Cal.,   25c. 

(113)  Proceedings,  Am.  "Wood  Preservers' 

Assoc,    Baltimore,   Md. 

(114)  Joxirnal,    Institution    of    Municipal 

and    County    Engineers,    London, 
England,    Is.    6d. 

(115)  Journal,  Engrs.'  Club  of  St.  Louis, 

St.  Louis,   Mo.,  35c. 

(116)  Blast    Furnace    and    Steel    Plant, 

Pittsburgh,  Pa.,   15c. 

(117)  Engineering   World,  Chicago,   111. 

(118)  Times      Engineering      Supplement, 

London,  England,  2d. 

(119)  Landscape     Architecture,     Harris- 

burg,    Pa.,    50c. 

(120)  Automotive  Industries,   New   York 

City,  15c. 

(121)  Proceedings,    Am.    Concrete    Inst., 

Boston,  Mass. 


LIST  OF  ARTICLES 
Bridges. 

The   Metropolis   Bridge   Over   the    Ohio    River  at  Metropolis,    III.*      Ralph    Modjeski. 

(4)      Feb. 
Niagara    Railway   Arch    Reinforced    for   Heaviest   TrafHc*      (13)      Nov.    13-20. 
New    Type    of    Wood    and    Asphalt    Flooring    for    Chicago    Bridges.*     F.    H.    Avery. 

(13)      Nov.    13-20. 
Wide  Bridge  Built  as  Two  Bridges  Without  Interval.*      (13)      Nov.   27-Dec.   4. 
Moving   Harrison    Street   Viaduct.*      (117)      Dec.    1. 
Columbia   River   Suspension   Bridge.*      W.   A.    Scott.      (117)      Dec.    1. 
Through    Concrete    Arch    Bridge    to    Give    Large    Waterway.*      F.    W.    Epps.      (13) 

Dec    11-18. 
World's  Longest  Bascule  Span  Erected  at  Chicago.      (15)      Dec.  12. 
Strassenbriicke  bei  Unter-Leiterbach.*      Gerh.  Neumann.      (78)      Apr.  4,  1917. 
Durchbiegung  eines  Tragers  unter  bewegter  Last.*      H.  Sailer.      (40)      June  9,  1917. 
Zur  Frage  des  Briickenstaues.      Th.   Rehbock.      (40)      May  3. 
Neue   Linthbriicke   der   S.   B.   B.   in   Schwanden.*      A.   Biihler.      (107)      Aug.   16. 
Briicke    iiber    die    Alz    bei    Wiesmiihl.*      Eduard    Gall.      (78)      Sept.    4. 
Schwenkbriicke  iiber  den  Suezkanal  bei  Kantara.*      (107)      Nov.  8. 


Electrical. 

Calculating    Short    Circuits    on     Power     Systems.*      R.  »  F.     Gooding.      (27)      Serial 

beginning   Oct.   18. 
A   Direct   Method   of   Calculating   Shunt    Field   Coils   Havmg   Two   Gauges   of   Wire.* 

R.   G.    Jakeman.      (73)      Nov.    21. 
Electrolysis    of    Concrete.*      (From    paper    issued    by    Bureau    of    Standards.)      (86) 

Nov.    26. 
Testing    Transformers    by    the    Alternating    Current    Potentiometer.*     Douglas    C. 

Gall.      (73)      Nov.   28. 
Ventilation  of  Induction  Motors.*     Freeser  Jeffrey.      (27)      Nov.  29-Dec  6. 
Applicability  of  Automatic  Switching  to  All  Glasses  of  Telephone  Service.*     Arthur 

Bessey    Smith.      (42)      Dec. 


*  Illustrated. 


January,  1920.]      CURKENT    ENGINEERING    LITERATURE  115 

Electrical —  (Continued  ) . 

The  Searchlight  in  the  U.   S.   Navy.*      Ralph  Kelly.      (42)      Dec. 

Reception    Intensity  of   Wireless  Waves.      A.    Press.       (73)       Dec.    5. 

Development    of    the    Chicago    Street-Lighting    System.      William    G.    Keith.      (117) 

Dec.   15. 
Electrolysis   in   Concrete.      E.   B.    Rosa,   Burton   McCollum   and   O.    S.   Patera.      (117) 

Dec.   15. 
Hochspannungskabel     fiir     die     Gotthard-Traktion.*       Markus     Duraermuth.       (107) 

Oct.    18. 
Ueber    elektrisch    geheizte    Damiifkessel     und    Warmespeicher.*      E.    Hohn.      (107) 

Serial  beginning  Nov.  8. 

Marine. 

Electric  Welding   as   Applied   to    Ship    Building.      Comfort   A.   Adams.      (4)      Mar. 

The  Sea  Sled.*      (46)      Oct.  4. 

Setting   a    Dry-Dock    to   Work    While    Under   Construction.*      (46)      Nov.    1. 

Pearl    Harbor   Dry-Dock   Pump    Well    Large   Precast   Unit.*      R.    W.    Gaylord.      (13) 

Nov.   13-20. 
Reinforced   Concrete  Tug.*      (12)      Nov.  28. 

The  Searchlight  In  the  U.   S.  Navy.*      Ralph  Kelly.      (42)      Dec. 
Neues  Gebrauchsfahrzeug  fiir  den  Wasserbau.*      (40)      Sept.  30,  1916. 
Betonkiele  fiir  Segelyachten  und  Motorboote.*      (78)      July  4. 
Das  erste  bayerische  Eisenbetonschiff.      Gottfried  Feder.      (78)      Sept.   4. 

Mechanical. 

Jigs,   Tools  and   Special  Machines,   with  Their  Relation  to  the  Production  of   Stand- 
ardized   Parts.*      Herbert    C.    Armitage.      (75)      Jan.— May. 
Oxy-Acetylene    Welding.      F.    Hazledine.      (75)      Jan. -May. 
Electric  Welding.*      Thomas  T.   Heaton.      (75)      Jan.-May. 
Oxy-Acetylene    Welding.*      J.    H.    Davies.      (75)      Jan.-May. 
Studying    the    Knocks.      Charles    F.    Kettering.      (Paper    read    at    Automotive    Fuel 

Dinner.)       (46)      Oct.    11. 
Heating  System  Vacuum.*      D.  W.  Crosthwait,  Jr.      (64)      Oct.  21. 
Refrigerating-Plant  Economy  Simplified.      Victor  J.  Asbe.      (64)      Oct.  21. 
Power  Piping.      J.   Roy   Tanner  and   George  J.   Stuart.      (58)      Oct. 
Army    Motor-Transport    Vehicles.*      John    Younger.      (55)      Nov. 
Octaval   Notation    in    Shop   Measurements.*      Alfred   Watkins.      (55)      Nov. 
Thread  Forms  for  Worms  and  Hobs.*      B.  F.  Waterman.      (55)      Nov. 
A   Perfected   High-Pressure   Rotary   Compressor.*      Chester  B.    Lord.      (55)      Nov. 
Common     Errors    in     Machining    of     Bearings.*      Christopher    H.     Bierbaum.      (55) 

Nov. 
Kerosene    as    a    Fuel    in    High-Speed    Engines.*      Lawrence    F.    Seaton.      (55)      Nov. 
Oil  Pipe  Lines.      S.  A.   Sulentic.      (55)      Nov. 
The    Possibilities    of    an    Aeronautical    Gas    Turbine.*        C.    A.     Norman.         (120) 

Nov.    6. 
The  Development  and  Use  of  High-Power  Gas  Engines.*     Walter  Crooke  and  John 

Lyon   Ewan.      (22)      Serial   beginning  Nov.   7. 
Mooring  Masts  for   Airships.*      (46)      Nov.   8. 
The  Absorption    Refrigerating  Machine.*      H.   J.   Macintire.      (64)      Serial  beginning 

Nov.   11-18. 
Lime-Barium    Softener    for   Treatment    of    Boiler    Feeder   Water.*     C.    A.    Mehring. 

(105)      Nov.    12-19. 
Valve  Failures  and  Valve  Steels  in  Internal  Combustion  Engines.      Leslie  Aitchison. 

(Abstract   of   paper   read   before    Inst,    of   Automobile    Engrs.)       (22)      Nov.    14. 
Air  Liner   is  Designed   for  Commerce.*      (120)      Nov.   15. 
Regulation    for    High    and    Low    Pressure    Mains.*      (Paper    read    before    Am.    Gas 

Assoc.)       (83)      Nov.    15. 
The    Shop    Lubricating    Problem.*      Raymond   Francis   Yates.      (46)      Nov.    15. 
Increasing  the   Scope   of  Aluminum   Alloys.*      Ferdinand   Jehle.      (120)      Nov.   20. 
Analyzing   the    Question    of    the    Stroke-Bore    Ratio.*      Edward    G.    Ingram.      (120) 

Nov.  20. 
Aero    Engine    with    New    Arrangement    of    Cylinders.*     M.    W.    Bourdon.      (120) 

Nov.   20. 
A  New  Form  of  Screw  Gauge.*      (12)      Nov.  21. 
Materials    for    the    Exhaust    Valves    of    Internal-Combustion    Engines.      J.    E.    Hurst 

and    Harold    Moore.      (11)      Nov.    21. 
Application   of   Pulverised   Coal    in    Blast   Furnaces.*      E.    P.   Mathewson    and   W.    L. 

Wotherspoon.      (Paper   read   before   Canadian   Min.    Inst.)       (11)      Serial   begin- 
ning   Nov.    21. 
The  Gasoline  Locomotive  of  the  Highways.*      Harry  Wilkin  Perry.      (46)      Nov.   22. 
New   York   City   Regulations   for   Outside    Storage   Tanks   for   Fuel   Oil.*      (Board   of 

Standards  and  Appeals  of  New  York  City.)       (86)      Nov.  26. 
New    Method    for     Installing    Underground     Steam    Pipe    Lines.*      John    C.    White. 

(From    The    Wisconsin   Engineer.)       (86)      Nov.    26. 

*  Illustrated. 
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Mechanical — (Continued). 

Strength   of   Gear   Teeth.*      S.   J.    Berard.      (72)      Nov.    27-Dec.    4. 

Oil  Vapour  in  Compressors.*      John  Thompson.      (Paper  read  before  National  Assoc. 

of    Colliery    Managers.)       (22)      Nov.    28. 
High     Speed     Turbine     Gears.*      Gerald     Stoney.      (Paper     read     before     Manchester 

Assoc,    of    Engrs.)       (11)      Nov.    28. 
A  Seventy-Mile  Hydrodrome.*      William  Washburn  Nutting.      (46)      Nov.  29. 
Some     Suggestions     for     the     Standardization     of     Guarantees     for     Coal-Washeries. 

Sherwood  Hunter.      (106)      Nov.-Dec. 
Coal   Briquetting  and  Conservation.*      P.  A.  N.   Seurot.      (5)      Dec. 
Use  of  Natural  Gas  for  Pov/er  in  Gas  Engines.      F.  H.  Bivens.      (Paper  read  before 

Pacific    Coast    Gas    Assoc.)       (83)      Dec.    1. 
Burning    Pulverized    Coal    in    a    Sheet    Mill.*      (20)      Dec.    11. 
Present    Limits    of    Speed    and    Power    of    Single-Shaft    Turbines.*      J.    F.    Johnson. 

(117)      Dec.   15. 
Purification    of   Coal.*      B.    J.    Roberts.      (117)      Dec.    15. 
Safe   Practice   in   Use  of   Wire   Rope   in   Hoisting.      R.   H.    Kudlich   and   O.    P.    Hood. 

(Bureau    of    Mines.)       (86)      Dec.    17. 
Modern  Foundry  Sand  Handling  Equipment.*      H.  L.  McKinnon.      (From  paper  read 

before   Am.    Foundrvmen's  Assoc.)       (20)      Dec.    18. 
Die  Wirkung  des  Kachelofens.      K.   Caesar.      (80)      Dec.   7,   1916. 
Hebe-   und    Fordereinrichtungen.      Schimpff.      (40)      Dec.    9,    1916. 
Die  neue  Heizanlage  des  Dom  in  Metz.*      W.  Schmitz.      (40)      Mar.  31,  1917. 
Die  Wirkungsgrad  unser  Walzwerke.      W.   Tafel.      (50)      Apr.   10. 
Die  Verwendung  von   gestiicktem  Koks  zur  Dampferzeugung.      Alfred   Stober.      (50) 

Serial  beginning  Jlay   15. 
Zur  Warmewirtschaft.*      Uber.      (40)      May  17. 
Auswertung    der    Abgasanalysen    bei    Generatorgasfeuerungen    und    Sauggasmotoren. 

Wa.    Ostwald.      (50)      June    5. 
Ueber  Sandstrahlgebliise.*      Kurt  Abeking.      (50)      June  26. 
Eine  neue  Gaserzeugeranlage.*      R.  Krieger.      (50)      Oct.  9. 
Die    Vergasung    von     Braunkohle     in    neuzeitlichen     Drehrost-Gaserzeugern.*      Kurt 

Neumann.      (50)      Oct.   16. 
Normalisierung   von    Kokereien.      Oskar    M.    Schadock.      (50)      Nov.    6. 
Ueber     elektrisch     geheizte     Dampfkessel     und     Warmespeicher.      E.     Hohn.      (107) 

Serial   beginning   Nov.   8. 

Metallurgical. 

The    Mechanical    Properties   of    Steel,    with    Some    Consideration    of    the    Question    of 

Brittleness.*      W.    H.    Hatfield.      (75)      Jan.-May. 
Symposium  on  Catalysis.      (Read  before  Am.  Electrochemical  Soc.)       (105)      Oct.  22. 
The  Casehardening  of  Steel.      J.   F.   Springer.      (25)      Serial  beginning  Nov. 
Modern    Electric    Furnace    Practice    in    Foundries.*      W.    E.    Moore.      (55)      Nov. 
The    Use    of    Naphthylamin    and    Xylindin    in    Flotation.      Edward    H.    Robie.      (16) 

Nov.  1. 
Atomic  Structure  of  Metals  in  Solid  Solution.*      A.  L.  Feild.      (105)      Nov.  5. 
The     Microscopic     Analysis     of     Iron     and     Steel.*      C.     Geoffrey     Nicholson.      (46) 

Nov.    8. 
Electrically    Heated    Soaking    Pits     in     the    Steel     Industry.*      Thaddeus     F.     Baily. 

(Extract  of  paper  read   before  Am.    Iron   and   Steel   Inst.)       (105)      Nov.   12-19. 
The   Story  of   Nickel.*      W.   F.   Sutherland.      (46)      Nov.   15. 
Conservation   of  Tin   in   Bearing   Metals,   Bronzes  and   Solders.*      G.   K.   Burgess  and 

R.    W.    Woodward.      (72)      Nov.    20. 
The  Brinell  and  Scratch  Test  of  Hardness.*      W.  C.  Unwin.      (11)      Nov.  21. 
New   Plant  Puddles   Iron   Mechanically.*      (20)      Nov.  27. 
Future   Developments   in    Puddled    Iron    Manufacture.      J.   E.    Fletcher.      (Abstract   of 

paper   read   before    Staffordshire    Iron    and    Steel    Inst.)       (22)      Nov.    28. 
Magnetic   and    Mechanical    Testing    of    Iron.*      (11)      Nov.    28. 
A   Theory  of   Metallic  Arc  Welding.*      Ralph   G.    Hudson.      (Abstract  of   paper   read 

before   Am.   Welding   Soc.)       (27)      Nov.   29-Dec.   6. 
Metallurgy    in    Manufacturing    High-Speed    Steel.      Roy    C.    McKenna.      (Abstract    of 

paper   read  before  Am.   Steel   Treaters'    Soc.)       (72)      Dec.   11. 
Untersuchungen   liber   die   Gesetzmassigkeit   der  chemischen    Einwirkungen   der  Gase 

auf  Eisen  und  seine  Verbindungen  mit  Nichtmetallen  bei  hoheren  Temperaturen. 

Friedrlch  Schmitz.      (50)      Serial  beginning  Apr.  10. 
Kriegsbeschadigtenftirsorge     und     Beschaftigung     von     Kriegsbeschadigten     in      der 

rheinischwestfalischen      Eisen-      und      Stahlindustrie.      Emil     Hegemann.      (50) 

Apr.    10. 
Die    thermischen,    baulichen    und    betrieblichen    Bedlngungen    fiir    einen    gunstigen 

Wirkungsgrad  der  Winderhitzung  bei  Hochofen.*      Hugo  Bansen.      (50)      Serial 

beginning  May  8. 
Stoff-     und     Warmebilanz     eines     Giessereiflammofens.*      R.     Gnade.      (50)      Serial 

beginning    May    29. 

*  Illustrated. 
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IVletallurgical — (Continued). 

Die  Entwicklung  der  Sieuiens-Regenerativgas-Kleinschmiedeofen.*      Arthur  Sprenger. 

(50)      Serial   beginning  June   12. 
Das  Verhalten   des  Schwefels   im   Konverter.*      Bernhard   Osann.      (SO)      June   19. 
Der   Einfluss   des   Geschwindigkeitsverlaufes   auf   die   Belastung   des   Walzmotors   bei 

Umkehrstrassen.      Karl  Meller.      (50)      Oct.  23. 
Verbesserung    der    Warmewirtschaft    von    Ofenfeuerungen,    inbesondere    von    Martin- 

ofen.     W.    Tafel.      (50)      Oct.    23. 
Umgekehrter  Hartguss.*      Kathe   Harnecker.      (SO)      Oct.   30. 
Ersatzstahle  fiir  Chromnickelstahle.*      Erdmann  Kothny.      (SO)      Nov.  6. 

Military. 

Sewerage,   Sanitation   and   Reclamation   at  U.   S.  Army  Camps.*      Leonard   S.    Doten. 

(4)      May. 
Army   Motor-Transport   Vehicles.*      John    Younger.      (55)      Nov. 
Keeping    the     First    Army     Supplied     with     Water.*      F.     W.     Scheidenhelm.      (59) 

Nov. 
Water  Supply  and   Sewage   Disposal   at  the  Military   Aviation    Fields,   Posts,    Depots, 

etc.,   in  the  United  States.*      Robert  H.  Craig.      (59)      Nov. 
Neubau   eines   Fabrik-    und   Magazingebaudes    fiir   die    Hansa-Lloyd   Werke   A.-G.    in 

Bremen.*      R.   w.   G.    Schellenberger.      (78)      Apr.   4,   1917. 
Barackenbauten    im    Felde.*      (40)      Aug.    IS,    1917. 

Mining:. 

New  Coal  Tipple  of  the  Consolidation  Coal  Company.*  William  Brasack.  (45) 
Oct.   23. 

Sinking  a  Shaft  by  the  Francois  Cementation  Process  at  the  Brymbo  Steel  Com- 
pany's Holditch  Ironstone  Mine,  Chesterton,  Staffordshire.  A.  Hassam  and 
T.   T.   Mawson.      (106)      Nov. -Dec. 

Underground  Locomotives:  A  Comparison  of  Types.*  (For  Mines.)  F.  Deflize. 
(Paper  read  before  Assoc,  des  Ingenieurs  Sortis  de  I'EcoIe  de  Liege.)  (57) 
Nov.    7. 

Herstellung  von  Asbestkunstchiefer.  Wilh.  Virck.  (80)  Serial  beginning  Dec.  7, 
1916. 

Miscellaneous. 

Installing  Management   Methods   in   the  Woodworking   Industry.*      Carle  M.   Bigelow. 

(9)      Nov. 
Application  of  the  Interferometer  to  Gas  Analysis.*      Junius  David  Edwards.      (105) 

Nov.    5. 
Hygroscopicity  of  Trinitrotoluene.*      Wilbert  J.  Huff.      (105)      Nov.  5. 
Some  Thoughts  on  Filing  Systems.*      Donald  J.  Baker.      (45)      Nov.   6. 
Wood  Ashes  and   Production  of  Potash.*      Ernest  Basteman.      (105)      Nov.   1-2-19. 
Some   Factors    Involved    in    Drying    Operations.      Eustace   A.   Alliott.      (Extract   from 

paper  read  before  Soc.  of  Chemical  Industry.)      (105)      Nov.  12-19. 
Ideal  Contract-Letting  Made  Practicable.*      J.  A.  L.   Waddell.      (From  Contracting.) 

(96)      Dec.   11. 
Neues     Planimeter    zur    Bestimmung    der     Inhalte     und     hoheren     Momente     ebener 

Flachen.*      H.    Kulka.      (40)      Oct.    18,    1916. 
Ueber     die     Herstellung    von     Sonnenuhren.      A.     Baruch.      (40)      Serial     beginning 

May   23.    1917. 
Amtlicher   Tatigkeitsbericht   der   Zentralstelle    der   Ausfuhrbewilligungen    fiir    Eisen- 

und    Stahlerzeugnisse    in    Berlin.      (50)      June    5. 
Amerikanische  technische  Truppen   in   Frankreich.      (40)      June   28. 
Deutschland  und  Siidamerika.      W.  Gussmann.      (50)      Oct.  23. 

Municipal. 

Largest  Swimming  and  Skating  Pool  in  the  United  States.      (60)      Nov. 

Effect    of    Size    of    Lots    on    Cost    of    Industrial    Housing.*      Morris    Knowles.      (13) 

Nov.  27-Dec.  4. 
Zum  Obmannamt-Wettbewerb.*      (107)      Oct.   11. 

Railroads. 

Chicago   Terminal    Situation.*      E.   J.   Noonan.      (4)      May. 

Draft    Gear    Design    and    Maintenance.      (Symposium    of    papers    read    before    Inter- 
national Ry.  General  Foremen's  Assoc.)       (25)      Oct. 
The   Reconstruction   of  the  Belgian   Railways.*      Robert  B.   Thayer.      (15)      Oct.    17. 
Gearless  Electric  Locomotive  for  C.  M.  &  St.  P.*      (IS)      Oct.  24. 
Double  Sheathed  Box  Cars  Built  by  C.  M.  &  St.  P.      (IS)      Oct.  31. 
Pennsylvania   Lines  Improved   Locomotive  Facilities.*      (15)      Oct.   31. 
Setting  Locomotive  Valves.*      L.  D.  Freeman.      (25)      Nov. 
New  Canadian  Pacific  Locomotives.*      W.  A.  Newman.      (25)      Nov. 

*  Illustrated. 
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Railroads — (Continued). 

U.  S.  R.  A.  Standard  Caboose  Car.*      (25)      Nov. 

Electric  Car  Lighting.      Alfred  G.  Oehler.      (65)      Nov. 

Electric  Trucks  and  Tractors  in  Railroad  Service.      Frederick  B.  Fink.      (65)      Nov. 

Electric  Automechanical   Freight   Handling.      Zenas  W.   Carter.      (65)      Nov. 

Scientific   Development   of   the  Steam   Locomotive.*      John   E.   Muhlfeld.      (55)      Nov. 

Melbourne   Railway   Electrification.*      (118)    Nov.;    (17)    Serial   beginning   Nov.    15- 

Dec.   13. 
St.  Paul  Locomotive  Tested  at  Erie.*      (17)      Nov.  1. 
Northern  Pacific  Converts  Prairie  Type  to  Mikado.      (15)      Nov.  14. 
The  Miami  Conservancy  Relocates  Four  Railways.*      (15)      Nov.   21. 
The  Canadian  Pacific  Builds  Refrigerator  Cars      (15)      Nov.   28. 
Tte  Economy  of  Treating  Railroad  Ties.*      S.  B.  Wass.      (5)      Dec. 
A.   R.  A.    Issues   New   Specifications  for  Track   Scales.      (87)      Dec;      (15)      Dec.   5. 
Deflections  of  Staybolts  in   Locomotive  Boilers.*      George  L.   Fowler.      (15)      Dec.   5. 
Railway  Ashpits  of  New  Design.*      (13)      Dec.  11—18. 
Construction  of  the  Hetch  Hetchy  Railroad.*      (18)      Dec.  20. 

Die   kiinstliche    Frischluftzufuhr    im    Tunnelbau.      Schubert.      (t\))      June    25,    1916. 
Die    Berechnung    der    Hauptabmessungen,    des    Dampf-und    des    Kohlen-Verbrauches 

der    Lokomotiven  ;    und    die    aus    der    Berechnungsweise    folgenden    Aussichten 

fiir    die    Moglichkeit    ihrer    Verbesserung    und    Vergrosserung    der    Leistung.* 

K.   Pfaff.      (102)      June  15,  1916. 
Die    Empfangsgebaude    des    Bahnhofs    Oranienburg.*      Cornelius.      (40)      June     28, 

1916. 
Der   Bogenwiderstand   steifachsiger   Eisenbahnwagen.*      Boedecker.      (40)      June   28, 

1916. 
Einfluss  der  Zeit  auf   Formanderungen   unter  bewegten   Lasten.*      H.    Sailer.      (120) 

July  1,   1916. 
Der   Einheitriegel    fiir   Weichen    und    Gleissperren    der   preussisch-hessischen    Staats- 

bahnen.      K.  Becker.      (102)      July  1,  1916. 
Vergleich    der    Lokomotivsteuerung    von    Kingan-Ripken    mit    der    von    Heusinger.* 

Al.  Schaffer.      (102)      Oct.  1,  1916. 
Berechnungen   am   Schienenstosse  unter  bewegter  Last.      H.   Sailer.      (102)      Oct.    1, 

1916. 
1    E.    IV.   T.   F-Personenzug-Lokomotive   der   Bulgarischen    Staatsbahnen.*      A.   Frey. 

(102)      Oct.   15,  1916. 
Die   neuen   Gtiterschuppen    in    und   um    Stuttgart.*      Martin   Mayer.      (40)      Mar.    31, 

1917. 
Einige    Erfahrungen    im    Lehnenbau    an    der    Siidrampe    der    Lotschbergbau.*      (40) 

Serial  beginning  June  2,   1917. 
Formeln    zur   statischen    Berechnung    rechteckiger    Tunnel.*      C.    Liebermann.      (78) 

July  3,  1917. 
Die  belgische   Kongo-Eisenbahn   von   Matadi   nach   Leopoldville.*      F.    Baltzer.      (40) 

April  30. 
Ueber  das  Verkehrs-und   Eisenbahnwesen   Japans.      Wilhelm   Venator.      (50)      Serial 

beginning  June  5. 
Betriebsplane  fiir  grossere  Bahnhofsentwiirfe.*      Heinrich.      (40)      July  12. 
Mathematische  Grundlagen  fiir  die  Gestalt  der  Uebergangsbogen  in  Eisenbahngleisen.* 

Schreiber.      (40)      July   23. 
Etwas   liber    Steilrampen    und    Anlaufsteigungen.*      Risse.      (40)      Aug.    9. 
Die  australische   Querbahn.*      Wernneke.      (40)      Aug.    13. 
Die  elektrische  Einheitlokomotive.*      (40)      Aug.  13. 
Der  neue  Bahnhof  Obertiirkheim.*      Fred  Rimmele.      (40)      Sept.  6. 
Die    Katangaelsenbahn    und    die    Erschliessung    des    Katangabezirks    fiir    den    Welt- 

verkehr.*      F.   Baltzer.       (40)       Sept.    13. 
Elektrische   Lokomotiven   fiir  die   Gotthardlinie.*       (48)      Oct.   11. 
Hochspannungskabel      fiir     die     Gotthard-Traktion.*      Markus      Dumermuth.      (107) 

Oct.  18. 
Vom  Sparen  beim  Eisenbahnbetrieb.      A.  Gutzwiller.      (107)      Oct.  25. 

Railroads,   Street. 

Leakage  Resistance  of  Street  Railway  Road  Beds.      E.  R.  Shepard.      (From  Electric 

Traction.)       (86)      Dec.  17. 
Das  zukiinstige  Schnellbahnnetz   fiir  Grossberlin.      W.   Cauer.      (40)      July   19. 

Roads  and  Pavements. 

Tile  Drainage  for  Iowa  County  Highways.*      James  A.   King.      (13)      Oct.   23. 

Bituminous   Concrete   and   Brick   Roads   for   Indiana.      (13)      Oct.   30-Nov.    6. 

An  Appraisal  of  Modern  Plant  Performance  in  Concrete  Road  Construction.*      H.  D. 

Hammond.      (13)      Oct.  30-Nov.  6. 
Resurfacing  of  Old  Macadam  Streets  in  Milwaukee.*      (60)      Nov. 
Utilization  of  Old  Concrete  Pavements  as  Foundations.*    Arthur  H.  Blanchard.     (60) 

Nov. 

♦  Illustrated. 
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Asphaltic   Filler   for   Brick    Pavements.*      Allen    D.    Dimmock      (60)      Nov. 
Characteristics  of  Pavement  Types  and  Considerations  Affecting  a  Choice  in  Kansas 

Cities.      A.  P.  Learned.      (60)      Nov. 
Success    of    Asphalt    Joint-Filler     in    Vertical-Fiber    Brick     Pavements.      Clark    R. 

Mandigo.      (From    paper    read    before   Am.    Soc.    for    Municipal    Improvements.) 

(60)      Nov. 
New  Type  of  Wood  and  Asphalt  Flooring  for  Chicago  Bridges.*      F.  H.  Avery.      (1.5) 

Nov.  13-20. 
The  Relative  Advantages  of   Single  and   Double  Coat  Road  Surfacing  Work  Carried 

Out  in   Bitumen.      (As   Distinct  from   Tar  Compounds.)       (114)      Nov.   22. 
Cement   Concrete    Pavements    in    New    Zealand    and    the   United    States    and    Canada. 

Walter   E.   Bush.      (114)    Nov.   22;    (11)    Nov.   28. 
Asphalt  Macadam    (Bituminous)    Roads,   and   Their  Extended  Use.      H.  T.  Wakeham. 

(Paper   read   before   County   Councils  Assoc.)      (114)      Nov.    22;      (117)      Nov. 

28. 
Compressed  Air  Used  to  Clean  Road  Surface  Before  Oiling.*     W.  A.  Welch.      (13) 

Nov.  27-Dec.  4. 
Reinforced     Concrete     Roads,     Their     Construction.     Maintenance     and     Life.*      W. 

Matthews  Jones.      (Paper  read  before  County  Councils  Assoc.)       (11)      Nov.  28. 
The    Present    Status    of    Impact    Tests    on     Roadway    Surfaces.*      A.    T.    Goldbeck. 

(Paper   read  before   National   Highway   Traffic   Assoc.)       (117)      Dec.    1;      (86) 

Dec.  3. 
Method   of   Constructing   Macadam    in    Province   of    Quebec.      A.    Paradis.      (Abstract 

of  paper  read  before  Canadian  Good  Roads  Assoc.)       (86)      Dec.  3. 
Recent   Developments  in  Concrete  Highway  Construction.*      A.   N.   Johnson.      (Paper 

read   before  Am.   Soc.   for  Municipal   Improvements.)       (86)    Dec.   3  ;    (60)    Nov. 
Solving  Snow  Problem  on   Highways.*      (86)      Dec.   3. 
Capacity    Load    and    Ruling    Grade    in    Highway    Transportation.*      R.    C.    Barnett. 

(86)      Dec.  3. 
Brick  Street  and  Road  Construction.      Will  P.  Blair.      (Paper  read  before  Am.   Soc. 

for  Municipal   Improvements.)       (86)      Dec.   3. 
Why   Bituminous   Macadam    is   Successful    In   Rhode    Island.*      Irving   W.    Patterson. 

(13)      Dec.  11-18. 

Sanitation. 

Sewerage,   Sanitation   and  Reclamation   at  U.   S.   Army  Camps.*      Leonard   S.   Doten. 

(4)      May. 
Flood  Protection  and  Drainage  at  East  St.  Louis,  Illinois.*      (3)      Oct.  30-Nov.  6. 
Sewage  Treatment  Plant  at  Montezuma,  Iowa.*      J.  H.  Dunlap.      (From  The  Transit.) 

(60)      Nov. 
Recovery  of  Valuable  Constituents   of  Garbage.*      Samuel   A.   Greeley.      (Paper  read 

before   Am.    Soc.    for   Municipal   Improvements.)       (96)      Nov.    27. 
Determination   of   Kutter's  Roughness   in   a  Drainage   Ditch.*      Ralph   Bosard.      (13) 

Nov.   27-Dec.  4. 
Treatment   of   Gas   Waste   to    Prevent   Water   Pollution.*      E.    J.    Tully.      (13)      Nov. 

27-Dec.  4. 
Economic   Values    in    Sewage    and    Sewage    Sludge.      Raymond    Wells.      (Paper    read 

before  Am.    Soc.    of   Municipal    Improvements.)       (13)      Nov.    27-Dec.    4;    (117) 

Dec.  1. 
Results    of    1918    Operations    of    Testing    Station    of    Milwaukee    Sewerage    Commis- 
sions.*     (86)      Dec.  10.  ■ 
Disposal  of  Nightsoil,  Sewage  and  Garbage  in  Rural  Districts.      (Abstract  of  Report 

of  Committee  on  Sewerage  and  Sewage  Disposal  read  before  Am.  Public  Health 

Assoc.)      (86)      Dec.  10. 
Present     Status     of     the     Sewage     Disposal     Problem.      George     G.     Nasmith.      (96) 

Dec.  11. 
Earth   Slips  Prove  Disastrous  to  Open-Cut  Sewers.*      (13)      Dec.   11-18. 
Notes   on   the   Activated-Sludge   Plants   at  Houston,    Texas.      (13)      Dec.    11-18. 
Treatment    of    Canning-Plant    Wastes    in    Wisconsin.*         E.    J.    Tully.      (13)      Dec. 

11-18. 
Kleiderablagen   und  Waschgelegenheiten   in   gewerblichen   Betrieben.*      Emele.      (40) 

May  16,  1917. 

Structural. 

Chicago   &   Northwestern    Ry.    Co.    Terminal    Grain    Elevator.*      W.    H.    Finley.      (4) 

May. 
Highest   Chimney   Built   for   Smelter.*      (13)      Oct.    23. 
Criticism    of    the    Ordinary    Methods    of    Designing    Reinforced    Concrete    Beams.* 

James  W.   Pearl.      (86)      Nov.   26. 
Electrolysis    of    Concrete.*      (From    paper    issued    by    Bureau    of    Standards.)      (86) 

Nov.  26. 

•  Illustrated. 
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Analysis  of  Concrete-Proportioning  Theories.*      Roderick  B.  Young.      (96)      Nov.  27. 
Concrete  Arclied  Beams  and  Open  Girder  Carry  Roof  of  Toronto  Theater.*      (From 

Contract   Record.)       (86)      Nov.    26;      (117)      Dec.    15. 
Broader  Use  of  Johnson's  Formula  for  Repeated  Stresses.*      J.   B.   Kommers.      (13) 

Nov.  27-Dec.  4. 
Diagrams    for    Reactions    and    Bending    Moments    of    Beams.*      Raymond    Burnham. 

(13)      Nov.  27-Dec.  4. 
Concrete  Construction   on   the  Mississippi   Sands.*      Rozel  Gotthold.      (46)      Nov.   29. 
Architectural  Acoustics.      Clifford  M.  Swan.      (6)      Dec. 
Electrolysis   in   Concrete.      E.    B.   Rosa,   Burton   McCollum   and   O.    S.    Peters.      (117) 

Dec.  15. 
Planning   Construction    of    Gypsum.*      Curtis   F.    Columbia.      (117)      Dec.    15. 
Sliding  Forms  for  Monolithic  Concrete  Construction.*      (117)      Dec.   15. 
Stallbauten    aus    Eisenbeton    beim    Neubau    des    Vieh-und    Schlachthofes    zu    Dresden 

im  Jahre  1907.*      Wilhelm   Iwand.      (78)      May  3,   1916. 
Ein    System    rationeller    Eisenwirtschaft.      Paul    Frei.      (78)      May    .3,    1916. 
Versuche     iiber     die     Wasserdurchlassigkeit     von     Kiesbeton.*      O.     Withey.      (78) 

May  3,  1916. 
Die  Befestigung  von  Transmissionen  usw.  in  Betonbauten.*      (78)      May  3,   1916. 
Neuere  Bauten  von  Emanuel  v.  Seidl.      (Zoological  Garden  at  Munich.)     (40)     Sept. 

30,  1916. 
Das   Verhalten   weicher   Bedachungsarten    Im   Feuer.      (40)      Oct.    11,    1916. 
Saulenversuche   mit   exzentrischer   Belastung,   ausgefiihrt  von   C.   Bach   und   O.   Graf, 

Stuttgart.*      (78)      Serial   beginning   Nov.    3,    1916. 
Rechnerische    Ermittlung    des    maximalen     Feldmoments    bei     kontinuierlichen    und 

Konsoltragern.*      Ad.    Hofbauer.      (78)      Nov.    3,    1916. 
Besondere   Bedingungen    fiir   die   Vergebung   von    Eisenbetonarbeiten.*      Karl    Bohm- 

Gera.      (78)      Nov.   3,   1916. 
Dampframme   fiir   geschiittete   Betonpfahle.*      H.   Hermanns.      (40)      Nov.    11,    1916. 
Kreisringformige      Eisenbetonquerschnitte      unter     exzentrischem      Druck.*       R.      E. 

Steinsberg.      (78)      Serial    beginning   Dec.    4,    1916. 
Kranbahn  in  Eisenbeton.*      A.  Marx.      (78)      Dec.  4,  1916. 
Die     Knickkraft     eines     Stabes     mit    elastischer    Querstiitzung.*      E.     Elwitz.      (40) 

Serial  beginning  Dec.   6,   1916. 
Stampfbeton   und   Gussbeton."      Karl   Reinbold.      (80)      Dec.    9,    1916. 
Vom  Wesen  des   Schaubildes.*      Schlemm.      (40)      Mar.    28,   1917. 
Ueber    eine    neue    Berechnung    der    Spannungsverteilung    in    zylindrischen    Behalter- 

wanden.*      Wilh.   Effenberger.      (78)      Apr.   4,   1917. 
Ein    logischer    Fehler    in    der    Formel    fiir   die   umschnurten    Saulen.      (78)      Apr.    4, 

1917. 
Neubau    eines    Fabrik-    und    Magazingebaudes    fiir    die    Hansa    Lloyd    Werke    A.-G. 

in  Bremen.*      R.  w.  G.  Schellenberger.      (78)      Apr.  4,  1917. 
Betonversuche    zur    Feststellung   der    Eignung   von    Granitgrus    als    Zuschlagstoff    an 

Stelle  von   Sand.      Schaper.      (40)      Apr.   7,   1917. 
Neue   stadtische   Schulbauten    in    Schwerin    i.    M.*      Dewitz.      (40)      Serial    beginning 

Apr.  7,  1917. 
Beschadigung  von  Bauwerken  durch  Grund-  und  Sickerwasser  und  von  Tunnelmauer- 

werk   durch   die  Rauchgase.      Kommerell.      (40)      May   12,   1917. 
Ungiinstigste   Stellung  eines  Lastenzuges  und  grosstes  Biegungsmoment  des  Balkens 

auf  zwei  Stiitzen.*      (40)      May  16,  1917. 
Druckfestigkeiten     von     Betonmischungen     aus     verschiedenen     Zuschlagstoffen.      G. 

Mahir.      (40)      May  19,    1917. 
Der    Ausbau    der    evangelischen    Lehrerbildungsanstalt    in    Esslingen    am    Neckar.* 

Heess.      (40)      Serial  beginning  May  26,  1917. 
Berechnung   der    Saulen    aus    umschniirtem    Gusseisen.*      Max    R.    v.    Thullie.      (78) 

June  4,  1917. 
Ueber     exzentrische     Fundamente      (sogenannte     Stiefelfundamente)  .*      A.      Frucht- 

handler.      (78)      June  4,  1917. 
Neuere  amerikanische  Versuche  mit  tragelosen  Decken.*      J.   Polivka.      (78)      Serial 

beginning  June  4,   1917. 
Beitrag  zur  Berechnung  der  Schiefen   Zugkrafte  am  Auflager  des  Bisenbetonbalkens. 

bei   wandernden   Einzellasten.*      Franz  Meyer      (78)      June  4,   1917. 
Turnhalle  der  Madchen-Mittelschule  in  Lowenberg  i.  Schl.*      Wilhelm  Iwand.      (78) 

June  4,  1917. 
Zur    Beurteilung    und    Untersuchung    beschadigten    Zementbetons.      F.    Hart.      (40) 

June  6,  1917. 
Das    Kaiser-Wilhelm-Haus    fiir   Kriegsbeschadigte    im    Langenbeckhause    in    Berlin.* 

M.  Guth.      (40)      June  6,  1917. 
Steingrus   als   Betonzuschlag  ah    Stelle   von    Sand.      Draesel.      (40)      June    16,    1917. 
Sicherungmassnahmen   in    Lichtspielhausern.*      Wendt.      (40)      June   27,   1917. 
Theorie    der    gleichmassig    clastisch    gestiitzten    Korper.*      A.    Freund.      (78)      Serial 

beginning  July  3,  1917. 

*  Illustrated. 
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Fest-    und    Turnhalle    der    Stadt    Schweidnitz    i.    Schles.*     Viktor    Neumann.      (78) 

Serial  beginning  July  3,  1917. 
Auflasten   bei   Erddruckermittlungen.*      Max   Buchwald.      (40)      July    4,    1917. 
Durchbiegung   eines    Tragers    unter   bewegter    Last.      H.    Zimmermann.      (40)      July 

7.  1917. 
Beschadigung  von  Bauwerken  durch  sulfathaltige  Wasser.     Hermann  Passou.      (40) 

July  7,  1917. 
Kleine    tiirkische    Bauten    in    der   siidlichen    Dobrudsclia.*      Rudolf    Bernhard.      (40) 

July  7,  1917. 
Richtpunkte  fiir  das  Entwerfen  von  Kleinwohnungsbauten.      (40)      Serial   beginning 

Aug.  18,  1917. 
Ueber  Versuche  mit  Steinerhaltungsmitteln.*      F.  Rathgen.      (49)      Pt.  7. 
Die    Berechnung    von    Bohlwanden    nach    der    Elastizitatslehre.*      A.    Freund.      (49) 

Pt.  7. 
Zur    Frage    der    Knickbeanspruchung    biegungsstiefer    Fachwerkstiibe.*      H.    Miiller- 

Breslau.      (40)      Jan.  4. 
Unfallstatistik  des  Deutschen  Ausschusses  fiir  Eisenbeton  1911  bis  1918.     W.  Petry. 

(78)      Serial  beginning  May  5. 
Entwurf  zu  einer  Bauordnung.      (40)      May   21. 
Entwurfsgrundlagen      fiir      zweistielige      Bogenhallenbinder      mit      Zugband.     Otto 

Frohlich.      (78)      June  4. 
Neuere  Ausfiihrungen  der  tragerlosen  Decken    (Pilzdecken) ,  besonders  in  Amerika.* 

J.   Polivka.      (78)      Serial   beginning  June   4. 
Holz   und    Schilf   als   Ersatz   des   Eisens    in   der   Zugbewehrung.*     Emperger.      (78) 

Serial   beginning  June  4. 
Musterbeispiele  zu   den   Bestimmungen   fiir  Ausfiihrung  von   Bauten   aus   Eisenbeton 

vom  13.  Januar  1916.*      (40)      June  11. 
Notstandvertrage   mit   veranderlichen    Einheitspreisen    im    Eisenbau.      Freund.      (40) 

June  14. 
Ueber   Knickfestigkeit.*      H.    Muller-Breslau.      (40)      July   2. 
Fabrikneubauten     in     Eisenbeton     fiir    die    Fahrrader-Motorwagen-     und     Flugzeug- 

motoren-Fabrik   Adam   Opel-Riisselsheim.*      Hans   Schafer.      (78)      July   4. 
Fussboden  in  gewerblichen  Betrieben.      Eduard  Emele.      (40)      July  9. 
Zwei    neue     Kleinwohnungsanlagen     in     Miinchen.      Theodor     Fischer.      (40)      Serial 

beginning  Aug.  20. 
Die    Standfestigkeit    von    Hallenwanden    gegen    Winddruck.*     Th.    Gesteschi.      (40) 

Aug.  27. 
Die  Ausstellung  fiir  Wohnungsbau   in   Dresden   1919.*      (40)      Aug.   30. 
Ueber    den    Einfluss    des    Wasserauftriebs    auf    die    Standfestigkeit    der    Bauwerke.* 

Friedrich   Engesser.      (40)      Serial   beginning  Sept.   3. 
Der  Hohlsteinbau   aus   m-Steinen.*      F.    Emperger      (78)      Sept.   4. 
Statische  Berechnung  eines  Pfahlbiindels.*      R.   Preuss.      (78)      Sept.  4. 
Arbeiterbaracken    in    den    Niederlanden.*      Hartleb.      (40)      Sept.    10. 
Kleine  Wohnhauser.*      (107)      Serial   beginning  Oct.   18. 
Ueber  Warmeschutz   von    Gebauden    und   die   Warmehaltung   verschiedener   Baustoff- 

gefuge.      E.    Schulthess.      (107)      Oct.    25. 
Zur   allgemeinen    Organisation   der   Hochbau-Kostenvoranschlage   und   Abrechnungen. 

Jos.  Erne.      (107)      Nov.  15. 

Topographical. 

Report  of  the  International  Alaska-Yukon  Boundary  Commission.*     J.  J.  McArthur. 

(5)      Dec. 
Die    Raumbildmessung.*      Otto    Lacmann.      (40)      Serial   beginning  Aug.    2. 

Water  Supply. 

Effect  of  Metering  on  Water  Consumption.*      H.   P.   Matte.      (4)      Mar. 
Determination  of  Water-Supply  from   Snow  Fields.*     J.  E.   Church,   Jr.,   and  4.   L. 

Smith.      (13)      Oct.  23. 
New   Type   of   Thin-Wall   Cofferdam.*      (13)      Oct.    30-Nov.    6. 
Sanitary   Effect   of   Water    Storage    in    Open    Reservoirs.*      Abel    Wolman    and    S.    T. 

Powell.      (13)      Oct.  30-Nov.  6. 
Templet  Used  in  Clearing  Sand  from  Irrigation  Canals.      (13)      Oct.  30-Nov.  6. 
Report    of    Committee    on    Private    Fire    Protection    Service.      (Am.    Water    Works 

Assoc.)       (59)      Nov. 
The   Chloramine    Process    as   Applied   to   the    Catskill    (Esopus)    Water.*      Frank    E. 

Hale.      (59)      Nov. 
The  Effect  of  the  War  Period  1914-1918,  and  Public  Control  Upon  the  Water  Works 

of   the  United   States.*      Leonard   Metcalf.      (59)      Nov. 
Water  Works  Improvements  and   Fire   Insurance  Rates.     Kelsey  L.  Walling.      (59) 

Nov.  -r 

*  Illustrated. 
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Future  Public  Water  Supplies  in   Iowa.     Lafayette  Higgins.      (59)      Nov. 
Schoharie  Development  of  the  Catskill   Water  Supply   System  for  New  York  City  * 

J.  Waldo  Smith.      (59)      Nov. 
Field   Methods   for  the  Chlorination   of   Small   Amounts   of   Water.*      F.    R.    Georgia. 

(59)      Nov. 
Water  Supply  and  Sewage  Disposal  at  the  Military  Aviation   Fields,   Posts,  Depots, 

etc.,    in   the  United    States.*      Robert   H.    Craig.      (59)      Nov. 
Keeping  the  First  Army  Supplied  with  Water.*     F.  W.  Scheidenhelm.      (59)      Nov. 
Concrete   in   Water  Works   Construction.*      A.    C.    Irwin.      (60)      Nov. 
A    Diagram    Adaptation    of    the    Rational    Method    of    Storm-Water    Drain    Design.* 

Harold  G.   McGee.      (13)      Nov.   13-20. 
Upkeep    Problems    at    St.    Louis    Filtration    Plant.     August    Nolte.      (From    Annual 

Report.)       (13)      Nov.  27-Dec.  4. 
Duty  of  Water  Investigations  in  Alberta.*     F.   H.  Peters.      (5)      Dec. 
The   Queenston-Chippewa   Hydro-Electric    Power   Project.*     Harry    Gardner.      (117) 

Dec.  1. 
Painting  the  Interior  of  Standpipes.     A.  H.  Keen.      (117)      Dec.  1. 
Construction   Progress  on   Canadian   Niagara  Power  Project.*      (13)      Dec.   11-18. 
Jackson   Lake  Dam  the  Savior  of  the  Snake  River  Valley.*      (13)      Dec.  11-18. 
Water- Works     Operating    Problems     at    Quincy,     Illinois.     W.     R.     Gelston.       (13) 

Dec.   11-18. 
Tests    of    Concrete    in    Tension.*      (For   Concrete    Pipe.)      T.    H.    Carver    and    J.    H. 

Quense.      (13)      Dec.   11-18. 
Hydraulic  Fill  Dams  of  the  Miami  Conservancy  District.*     Harry  Gardner.      (117) 

Dec.   15. 
New   Hydroelectric   Power   Plant   at   Rio   Pangal,   Chile.*     Hugh   L.    Cooper.      (117) 

Dec.  15. 
Wildschutz  an  offenen  Werkkanalen.*     G.  Schendell.      (40)      Apr.  4,  1917. 
Die    neuzeitliche    Zunahme    der   natiirlichen    Harte    des    Weserwassers.     H.    Keller. 

(40)      June  16,  1917. 
Vorschriften   fur   die   Lieferung   von    schmiedeeisernen    und    stahlenren    Rohren    fiir 

Rohrleitungen    nebst   Zubehorteilen.      (40)      July   4,   1917. 
Ueber  die   bei   gleichformiger  Wasserabfluss   wirkenden   Krafte   und   Energien.     Fr. 

Engesser.      (40)      Aug.  11,  1917. 
Ueber  Sohlenwasserdruck  bei  Staumauern  mit  entwasserter  Griindungsflache.*     Link. 

(49)      Pt.  7. 
Verwendung     von     Filterbecken      (Anreicherungsgraben)     zur     kiinstlichen     Grund- 

wassererzeugung.     H.    Keller.      (40)      Serial    beginning   May    31. 
Der  Ausbau  der  bayerischen  Wasserkraft.*      Mattern.      (40)      June  7. 
Ueber  den  Betrib  der  Bewasserung  der  Koniaebene.     Gerhardt.      (40)      July  5. 
Zur    Grossenbemessung   von    stadtischen    Wasserwerken.     Geissler.      (40)      Aug.    23. 
Wasserkrafte  auf   Island.*      (40)      Aug.   27. 
Die    Reservekraftanlage    des    Elektrizitatswerkes    der    Stadt    Lugano.*     Val.    Sacchi. 

(107)      Nov.  1. 

Waterways. 

Manufacture  and   Testing  of   Large   Chains  for   the   Fenders   in  the   Panama   Canal 

Locks.*     Henry  Goldmark.      (4)      Feb. 
Ironing  Out  a  River  Bottom.*     J.  F.  Springer.      (46)      Oct.  18. 
Lowering  a  400-Ton  Dock  Caisson  Gate  with  Sand  Jacks.*     G.  W.  Plaisted.      (13) 

Nov.  13-20. 
Small   River  Terminal   for  Widely   Varying  Water   Stages.*     Hunley  Abbott.      (13) 

Dec.    13-18. 
Floodgates  Proposed   for  Control  of   Savannah   River.*     E.   C.   Garvin.      (13)      Nov. 

13-20. 
The  New  Welland  Canal.*      (46)      Nov.  15. 
Concrete    Shipping    Pier    at    Panama    Has    Novel     Design.*     G.     W.    True.      (13) 

Nov.   27-Dec.  4. 
Bewegungsvorrichtungen     fiir     die     Klapptore     und     die     Zylinderschiitze     an     den 

Schleusen   im  Osnabriicker  Zweigkanal.*     A.   Franke.      (40)      May   10,   1916. 
Neuere   Uferbefestigungen    in    Beton    und    Eisenbeton   und    Ihre   Herstellungskosten.* 

J.  Polivka.      (78)      Serial  beginning  Nov.  3,  1916. 
Der  Masurische  Kanal ;   geologische  Verhaltnisse,  Kanalquerschnitt,  AusfUhrung  der 

Erdarbeiten.*      Ziegler.      (40)      May   19,   1917. 
Windeinwirkung  auf   fliessende  Gewasser.*      Winkel.      (40)      May   26,   1917. 
Eis-  und  Wasserstandverhaltnisse  der  norddeutschen  Strome  im  Winter  und  Fruhjahr, 

1917.      Uber.      (40)      Serial  beginning  June  23,   1917. 
Der  Abschluss  der  Nogat.*      Salfeld.      (49)      Pt.  7. 
Die  Beobachtungen   am   Pegel   von   Kolberg  in   d  n   100  Abflussjahren  von   1817  bis 

1916.      Musset.      (49)      Pt.   7. 
Hebung  eines  gesunkenen  Baggers  in  Kowno.*     Piper.      (40)      May  7. 

*  Illustrated. 
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Waterways — (Continued). 

Die  Bewegung  der  Schwemmstoffe  in  unseren  Fliissen.  H.  Krey.  (40)  Serial 
beginning  May   10. 

Standsicheiheitsfragen  beim  Bau  von  Scliiffsschleusen  fiir  hohe  Gefalle.*  Mattern. 
(40)      June  18. 

Ueber  den  Bau  von  Sandbuhnen.*      B.  Fechner.      (40)      July  23. 

Ueber  den  Einfluss  des  Wasserauftriebs  auf  die  Standfestigkeit  der  Bauwerlfe. 
Friedrich  Engesser.      (40)      Serial  beginning  Sept.  3. 

Einfluss  der  Abschliessung  der  Zuidersee  auf  die  Sturmflutstande  in  Friesland  und 
Groningen.*      A.  v.  Horn.      (40)      Sept.  6. 

Ueber   Rutschungs-Erseheinungen    bei    Stauseen.*      G.    Liischer.      (107)      Oct.    11. 

Studien  iiber  Wasserbewegung  an  Wehren.*  H.  E.  Gruner.  (107)  Serial  begin- 
ning Nov.  15. 

*  Illustrated. 
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Synopsis 
Grout  was  used  extensively  in  the  structures  of  the  Catskill  Water 
Supply  System  for  filling  spaces  behind  the  lining  of  tunnels,  for 
cutting  off  the  flow  of  water  into  shafts  and  tunnels  by  grouting  the 
water-bearing  fissures,  for  solidifying  the  foundations  and  stopping 
the  flow  beneath  dams,  and  for  various  other  purposes.  The  object  of 
this  paper  is  to  give  a  summary  of  the  experience  and  results  obtained 
in  the  use  of  grout  in  the  construction  of  the  aqueduct,  dams,  and  other 
structures  of  the  Catskill  Works,  with  the  hope  that  it  may  prove 
valuable  to  those  undertaking  work  involving  grouting. 


Grouting  was  one  of  the  important  operations  in  the  constructior. 
of  the  pressure  tunnels  of  the  Catskill  Aqueduct.  These  tunnels, 
forming  about  one-third  of  the  total  length  of  the  Aqueduct,  are  sub- 
jected to  great  hydrostatic  pressures  when  in  service,  and  it  was  essential 


Note. — These  papers  are  issued  before  the  date  set  for  presentation  and  discus- 
sion. Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting, 
and  may  be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will 
be  published  in  a  subsequent  number  of  Proceedinris,  and,  when  finally  closed,  the 
papers,   with   discussion   in   full,   will   be  published   in    Transactions. 

*  New  Y'ork  City. 
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to  make  them  tight  against  outward  leakage.  To  prevent  the  escape 
of  water,  grouting  was  depended  on  to  back  up  the  concrete  lining  and 
to  close  all  open  seams  in  the  rock  adjacent  to  it.  The  Aqueduct  has 
been  in  service  for  two  years',  and  the  slight  and  practically  negligible 
loss  of  water  from  the  pressure  tunnels  is  evidence  of  the  complete 
success  of  the  methods  adopted  in  their  construction. 

To  prevent  the  percolation  of  water  through  porous  zones  under 
the  Ashokan  and  Kensico  Dams,  extensive  grouting  was  done,  the  grour 
being  forced  into  the  rock  seams  under  air  pressure  through  holes  drilled 
into  the  ledge  rock  underneath  the  dams.  To  cut  off  the  leakage  which 
had  developed  underneath  the  foundations  of  the  two  earth  dikes  at  the 
Ashokan  Reservoir,  and  to  improve  the  foundations,  holes  were  drilled 
through  the  core-walls  and  rolled  embankment  into  the  rock  and 
grouted. 

Grout  was  also  used  to  cut  off  the  flow  of  water  during  shaft  sink- 
ing and  tunnel  driving,  in  order  to  permit  the  work  to  proceed  more 
rapidly  and  reduce  the  expense  of  pumping.  Considerable  grouting 
was  also  done  in  connectioji  with  repairs  in  parts  of  the  Rondout, 
Breakneck,  and  City  Pressure  Tunnels,  where  the  lining  had  been 
ruptured  when  the  tunnels  were  subjected  to  working  pressures.  The 
breaks  in  the  lining  were  due  to  the  yielding  of  the  rock  when  the 
test  pressures  were  applied,  and  grout  was  injected  to  fill  the  cracks  in 
the  rock  surrounding  the  tunnel. 

Other  uses  for  grout  on  the  Catskill  Aqueduct  included  the  lining 
of  large  steel  pipe  lines,  the  grouting  of  stretches  of  poor  ground  in 
grade  tunnels,  the  filling  of  the  expansion  joint  openings  in  the  cut- 
and-cover  aqueduct,  and  for  other  purposes.  In  some  of  these  cases, 
the  grout  was  not  forced  in  by  air  pressure,  but  was  placed  by  pouring 
or  by  means  of  a  hand  pump. 

Grouting  in  Pressure  Tunnels. 

The  utilization  of  the  pressure-tunnel  type  is  one  of  the  notable 
features  of  the  Catskill  Aqueduct.  There  are  nine  pressure  tunnels, 
aggregating  35  miles  in  length.  These  tunnels  were  driven  in  rock, 
deep  beneath  the  surface,  and  were  lined  with  concrete  averaging  from 
IS  to  24  in.  and  more  in  thickness.  They  have  a  finished  inside  diameter 
varying  from  1(!  ft.  7  in.  to  a  minimum  of  11  ft.  The  depths  of  the 
tunnels  below  the  surface  vary  from  100  ft.  to  a  maximum  of  more  than 
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Fig.   1. — Completed  Pressure  Tunnel  in  Nt;w  York  City. 


Fig.   2. — Wet  Heading  in  City  Tunnel,  South  of  Shaft  4. 
A  Flow  of  300  Gal.  per  Min.  Cut  Off  by  Grouting. 
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1 100  ft.,  the  latter  being  the  depth  at  the  Hudson  River  crossing.  The 
hydraulic  gradient  at  this  crossing  is  more  than  1  500  ft.  above  the 
invert  of  the  tunnel.  The  pressure-tunnel  type  was  adopted  only  after 
extended  study,  as  there  was  no  precedent  for  such  tunnels  subjected 
to  such  high  unbalanced  heads. 

It  was  the  opinion  of  some  authorities  that  the  concrete  lining  could 
not  be  made  tight  enough  against  ground-water  heads.  It  was  also 
feared  that  where  the  rock  was  porous  and  water-bearing,  excessive 
leakage  might  develop  when  the  tunnel  was  put  in  service,  and  that 
the  application  of  pressure  in  the  case  of  jointed  and  fissured  rocks 
might  even  cause  movement  of  the  rock  and  rupture  of  the  concrete 
lining,  with  resultant  outward  leakage.  Great  reliance,  therefore,  was 
placed  on  the  use  of  grout  to  make  the  tunnels  secure  and  tight  against 
all  leakage. 

Design  of  Pressure  Tunnels. — On  account  of  the  heavy  internal 
hydrostatic  pressures,  it  was  deemed  advisable  to  place  the  tunnels  under 
a  heavy  cover  of  sound  rock.  This  cover  is  not  less  than  150  ft., 
except  in  the  case  of  comparatively  light  heads.  On  account  of  the 
external  ground-water  pressure  on  the  tunnels  when  they  were  under 
construction,  or  at  any  time  when  they  are  out  of  service,  the  circular 
shape  was  adopted,  and  the  lining  was  made  thick  enough  to  withstand 
both  the  groimd-water  head  and  the  grouting  pressure  necessary  to 
overcome  frictional  resistance  and  ground-water  head.  The  con- 
crete for  the  lining  was  proportioned,  mixed,  and  placed  so  as  to  be 
practically  water-tight.  The  concrete  lining,  in  addition  to  preventing 
outward  leakage,  also  provides  a  smooth  coating  to  produce  a  high 
coefficient  of  flow.  It  also  prevents  the  falling  of  rock  and  makes  easier 
the  cleaning  of  the  tunnel. 

As  it  was  practically  impossible  in  lining  the  tunnel  to  pack  the 
concrete  tightly  against  the  irregular  surface  of  the  rock  in  the  roof, 
grout  was  forced  in  to  fill  all  the  voids  over  the  arch  and  back  of  the 
lining  and  to  transmit  the  internal  pressures  to  the  rock.  It  was 
expected  also  that  the  grout  would  be  effective  in  closing  the  seams  and 
crevices  in  the  rock  surrounding  the  tunnel  by  impregnating  any 
porous,  water-bearing  strata  so  as  to  cut  off  all  subsequent  outward 
leakage. 

Conditions  Encountered  Dunng  the  Excavation  of  the  Pressure 
Tunnels. — Before   the   contracts    for   the   pressure   tunnels    were   let, 
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extensive  borings  were  made  to  develop  the  rock  profile  in  the  valleys 
to  be  crossed  and  to  ascertain  the  kind  and  condition  of  rock  to  be 
encountered  during  the  driving  of  the  tunnels.  The  tunnels  penetrate 
a  wide  range  of  geologic  formations,  the  rocks  varying  in  character 
from  a  soft  shale  to  hard  quartz  conglomerate.  The  most  important 
quality,  however,  from  the  standpoint  of  water-tightness  of  the  tunnel, 
was  the  soundness  and  tightness  of  the  rock  to  prevent  outward  leakage. 

In  stretches  where  the  tunnels  passed  through  faulted  and  crushed 
zones,  and  the  rock  was  either  unsound  or  structurally  weak,  steel 
ribs  and  lagging  were  used  to  support  the  roof.  At  these  places  the 
space  between  the  steel  lagging  and  the  rock  was  packed  with  stone, 
the  dry  packing  being  subsequently  grouted  through  2-in.  pipes  set 
in  the  concrete  lining  and  extending  into  the  dry  packed  space. 

Although  the  pressure  tunnels  were  excavated  several  hundred  feet 
below  ground-water  level  and  under  rivers  and  streams,  there  were 
only  a  few  stretches  where  an  excessive  quantity  of  water  entered 
during  the  excavation.  In  many  stretches  the  tunnels  passed  through 
blocky  ground  intersected  by  joint  planes  and  crevices ;  the  openings 
in  the  rock  at  these  places  were  often  found  to  be  filled  with  deposits 
of  mineral  matter,  and  little  or  no  water  entered  the  tunnels  through 
such  openings.  Several  of  the  tunnels  passed  underneath  glacial 
gorges,  and  the  drift  overlying  the  rock  formed  a  dense  impervious 
blanket  against  the  inflow  of  water.  With  the  exception  of  the  wet 
stretches  of  tunnel,  to  be  described  in  detail  later,  no  cases  of  inward 
leakage  occurred  during  the  excavation  exceeding  150  gal.  per  min. 
per  mile  of  tunnel.  In  the  18  miles  of  the  City  Tunnel,  the  maximum 
quantity  of  water  which  entered  the  tunnel,  was  137  gal.  per  min.  per 
mile. 

The  geological  conditions  in  the  tunnels  were  given  careful  con- 
sideration, as  the  structure  of  the  rock,  the  nature  of  the  openings,  and 
other  conditions  influenced  the  method  of  grouting.  Underground 
water  circulates  ili  the  rock  through  the  intersecting  joint  planes  and 
seams  formed  by  bending,  folding,  and  faulting  due  to  disturbance 
of  the  earth's  crust.  Stratified  rocks  are  often  found  with  alternating 
hard  and  soft  layers,  some  of  which  are  quite  porous,  permitting  free 
circulation  either  through  the  body  of  the  rock  or  along  the  bedding 
planes.  Vertical  planes  of  fracture  are  of  frequent  occurrence  in 
stratified  rocks.     In  the  Helderberg  limestones  large  solution  cavities 
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or  mud  seams  were  encountered,  requiring  special  precautions  in 
making  the  tunnel  secure  and  providing  against  subsequent  outward 
leakage. 

All  inflowing  water  from  the  rock  seams  was  taken  care  of  before 
placing  the  concrete  lining  by  collecting  the  water  and  leading  ii 
through  pipes  set  in  the  concrete,  as  will  be  described  later  in  detail. 
Subsequently,  the  water-bearing  fissures  were  grouted  through  these 
pipes.  In  many  cases,  the  inward  leakage  during  excavation  gradu- 
ally diminished  and  often  stopped  after  some  interval,  due  to  the  dis- 
charge of  accumulated  water  in  the  seam,  but  the  points  of  inward 
leakage  and  the  areas  of  general  seepage  were  carefully  noted  when 
the  excavation  was  first  made.  The  locations  of  wet  seams  were 
recorded,  and  provision  was  subsequently  made  for  grouting  at  these 
places,  as  it  was  realized  that  when  the  tunnel  was  in  service,  water 
could  escape  through  the  same  channels  whereby  it  had  entered. 

Grouting  the  Kock   Seams  During  Tunnel  Driving 
TO  Cut  Off  Leakage  Into  the  Tunnel. 

Where  large  flows  of  water  are  encountered  in  driving  a  tunnel,  a 
loss  of  progress  invariably  results,  and  very  often  the  work  is  shut 
down  until  additional  pumps  are  installed  .for  handling  the  water. 
Obviously,  it  is  of  great  advantage  to  reduce  or  cut  off  the  leakage, 
if  possible,  where  the  inflow  is  very  heavy,  before  the  heading  is 
advanced.  As  a  rule,  however,  superintendents  dislike  to  stop  exca- 
vation and  grout  the  wet  ground,  preferring  to  continue  the  driving, 
if  possible.  Several  efforts  were  made  on  this  work  to  cut  off  the  water 
by   grouting  the  rock  during   excavation. 

Wet  Stretch,  Rondout  Tunnel. — In  driving  up  a  15%  incline  north 
of  Shaft  4,  in  the  Rondout  Tunnel,  a  faulted  and  crushed  zone  in 
High  Falls  shale  and  Binnewater  sandstone  was  encountered,  yielding 
a  con.siderable  flow  of  water  charged  with  II.,S  gas.  To  shut  off  the 
water,  an  attempt  was  made  to  solidify  the  rock  in  advance  of  the 
excavation  by  grouting  through  the  drill  holes  in  the  heading  which 
flowed  water.  These  holes  yielded  a  flow  of  about  300  gal.  per  min. 
They  were  closed  with  pipes  and  grouted,  but  the  high  pressure  used — 
200  lb.  per  sq.  in. — blew  off  3  ft.  of  the  soft  shale  in  the  face  of  the 
heading.  Additional  holes  were  drilled  around  the  periphery  of  the 
tunnel  and  grouted.     Although  the  leakage  was  somewhat  reduced,  the 
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llow  increased  with  the  advance  of  the  heading,  as  additional  water- 
bearing seams  were  encountered. 

On  account  of  the  heavily  faulted  and  crushed  condition  of  the 
shale,  which  was  intersected  by  wide  and  narrow  seams,  it  became 
apparent,  after  further  efforts,  that  grouting  could  not  be  depended 
on  to  reduce  the  leakage  materially,  and  it  was  then  decided  to  advance 
the  heading  without  further  grouting.  After  a  suspension  of  nearly 
three  months,  during  which  time  a  pumping  plant  having  a  capacity 
of  about  5  000  gal.  per  min.,  was  installed  in  the  tunnel,  excavation 
was  resumed.  The  first  shot  revealed  a  large  water-bearing  crevice 
to  the  right  of  the  tunnel  yielding  about  600  gal.  per  min.  Numerous 
other  leaks  were  encountered  as  the  heading  was  advanced,  the  total 
pumpage  reaching  a  maximum  of  about  2  000  gal.  per  min.  The  inflow 
of  water  subsequently  gradually  diminished  to  about  1  000  gal.  per 
min.,  remaining  nearly  constant  at  this  figure  until  it  was  finally  shut 
off  by  grouting  after  the  lining  was  placed. 

Better  results  might  have  been  secured  in  this  stretch  if  a  concrete 
bulkhead  had  been  used  to  retain  the  grouting  pressures,  although 
the  soft  and  weak  condition  of  the  rock  was  very  unfavorable  for 
grouting.  Another  reason  for  failure  to  cut  off  the  water  under  the 
conditions  encountered  was  the  difficulty  of  adjusting  the  consistency 
of  the  grout  to  both  large  and  small  seams.  Large  seams  require  thick 
grout  for  thorough  filling,  while  thin  grout  must  be  used  to  fill  the  fine 
seams.  Ordinarily,  the  consistency  of  the  mix  was  adjusted  to  the 
large  seams  which  have  to  be  filled  first.  In  order  to  secure  the  best 
results,  grouting  of  the  large  seams  should  be  followed  by  re-drilling 
and  grouting  with  fine  grout,  to  fill  the  narrow  seams. 

Grouting  Water-Bearing  Seam,  Hudson  Tunnel. — In  excavating  the 
Hudson  Pressure  Tunnel,  1  100  ft.  below  the  river  surface,  a  flow  of 
about  500  gal.  per  min.  was  encountered  in  the  heading  near  the 
East  Shaft.  A  4-in.  pipe  was  first  put  in  the  hole  from  which  most 
of  the  water  issued,  and  concreted  in  place.  The  pipe  was  connected 
to  the  discharge  line  in  the  shaft,  and  the  water  was  forced  by  its  own 
pressure  to  a  pump  chamber  at  the  side  of  the  shaft  300  ft.  above  the 
bottom.  Eight  horizontal  holes  were  drilled  into  the  heading  and 
plugged  with  pipes  fitted  with  valves.  A  concrete  bulkhead,  5  ft. 
thick,  reinforced  with  steel  rails,  was  then  built  against  the  face  of 
the  heading,  the  pipes   extending  through.     About   180  bags   of  neat 
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cement  in  grout  was  then  forced  in  through  the  pipes  under  pressures 
up  to  700  lb.  per  sq.  in.  The  grout  was  mixed  in  a  Canniff  tank  and  was 
discharged  by  displacing  it  with  water  pumped  in  by  a  high-pressure 
plunger  pump. 

On  shooting  the  heading  after  the  grout  had  set,  there  was  no 
increase  of  water  even  after  passing  the  seam,  which  was  a  narrow, 
clean-cut,  vertical  crack  crossing  the  tunnel  nearly  at  right  angles  and 
found  to  be  well  filled  with  grout.  When  the  bench  was  excavated, 
exposing  the  seam  in  the  bottom,  it  appeared  to  be  filled  with  grout, 
but  after  it  had  been  excavated  about  13  ft.  beyond  the  point  of  original 
leakage,  one  of  the  vertical  bench  holes  struck  a  flow  of  110  gal.  per 
min.  This  flow  disappeared  after  the  next  shot,  and  it  is  supposed 
that  the  hole  was  plugged  by  the  displacement  of  the  rock.  The  open 
condition  of  the  seam  in  this  tunnel  made  it  easy  to  grout,  partic- 
ularly as  a  tight  bulkhead  was  provided,  retaining  the  pressure.  The 
rock  was  firm  and  hard,  and  the  walls  of  the  fissure  did  not  contain 
soft  rock,  which  would  have  blocked  the  opening  and  prevented  the 
free  entrance  of  grout. 

Grouting  in  Pressure  Tunnels  After  Placing  the 
Concrete  Lining. 

With  the  exception  of  the  two  instances  just  described,  where  an 
attempt  was  made  to  grout  the  rock  seams  at  the  time  of  driving,  all 
grouting  in  the  pressure  tunnels  was  done  after  the  concrete  lining 
had  been  placed.  As  already  suggested,  the  purpose  of  this  grouting 
was,  first,  to  fill  with  grout  all  void  spaces  between  the  concrete  lining 
and  the  rock  so  that  the  internal  hydrostatic  pressures  might  be  trans- 
mitted to  the  rock  without  rupturing  the  lining;  and,  second,  to  pre- 
vent or  reduce  the  leakage  out  of  the  tunnel  by  forcing  grout,  under 
pressure,  into  the  water-bearing  crevices  in  the  rock  and  by  impreg- 
nating any  porous  rock  surrounding  the  tvmnel. 

Placing  the  Concrete  Lining  in  the  Pressure  Tunnels. — The  con- 
crete lining  in  the  pressure  tunnels  was  placed  in  three  steps :  First, 
the  invert  or  bottom  strip,  from  4  to  G  ft.  wide;  second,  the  side- 
walls  extending  up  to,  or  a  few  feet  above,  the  horizontal  diameter; 
and,  third,  the  arch  comprising  the  upper  part  of  the  section.  The 
invert  was  placed  continuously,  with  joints  at  the  end  of  the  day's  run, 
which  averaged  about  125  ft.,  while  the  side-walls  and  arch  were  con- 
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creted  in  lengths  depending  on  the  lengths  of  forms  used,  varying 
from  40  ft.  to  a  maximum  of  150  ft.  Steel  forms  were  used  for  the 
side-walls  and  arch,  the  concrete  being  shoveled  behind  the  forms  from 
platforms  resting  upon  these -forms.  When  the  concrete  in  the  arch 
had  nearly  reached  the  top,  longitudinal  boards  were  set  radially  on 
either  side  of  the  top  arch  plate,  and  the  concrete  was  banked  up  on  a 
slope  above  the  boards.  Before  placing  the  concrete  in  the  key  of 
the  arch,  the  radial  boards  were  removed  and  the  concrete  was  shoveled 
in  place  in  the  key  by  end  handling. 

The  concrete  for  the  tunnel  linings  was  mixed  approximately  in  the 
proportions  of  1 :2  -A  in  the  pressure  tunnels  north  of  New  York  City. 
The  mix,  however,  was  varied  as  the  requirements  of  the  work 
demanded.  In  the  City  Tunnel,  a  1:1^:3  mix  was  adopted.  Portland 
cement  was  used  in  all  parts  of  the  work.  A  moderately  wet  or  plastic 
mix  was  used  for  the  entire  section,  except  near  the  top  of  the  arch, 
and  in  the  key,  where  a  drier  consistency  was  adopted. 

Protection  of  Concrete  from  Infiowirig  Water  During  Placing. — In 
order  to  secure  a  dense,  tight  lining,  it  was  considered  essential  to  pro- 
tect the  concrete,  while  it  was  being  placed  and  during  the  time  of 
setting,  from  running  water.  The  method  generally  adopted  to  accom- 
plish this  purpose  was  to  place  tin  or  galvanized-iron  drip-pans  against 
the  rock  so  as  to  collect  the  water  and  keep  it  away  from  the  con- 
crete during  placing  and  setting.  The  water  from  the  pans  ran  into 
the  tunnel  through  weepers,  consisting  of  2-in.  steel  or  wrought-iron 
pipes  set  in  the  concrete  while  it  was  being  placed,  the  pipes  being 
extended  through  the  steel  forms  by  holes  cut  in  them. 

In  cases  of  concentrated  flows,  holes  were  drilled  into  the  rock  seams 
and  pipes  were  set  to  collect  the  water  without  the  use  of  drip-pans,  or, 
in  some  instances,  both  deep-seated  pipes  and  pans  were  used.  All  flow- 
ing pipes  and  spaces  behind  the  drip-pans  were  subsequently  grouted. 
The  drip-pans  were  usually  held  in  place  against  the  rock  by  nailing  the 
edges  of  the  pans  to  wooden  plugs  set  in  holes  a  few  inches  deep  drilled 
for  the  purpose,  and  by  bracing  them  from  the  forms.  The  space  between 
the  edges  of  the  pan  and  the  rock  was  carefully  caulked  with  oakum 
or  plaster  of  Paris,  or  a  mixtvire  of  cement  and  i)laster  of  Paris,  to  pre- 
vent the  concrete  from  getting  behind  the  pan  and  plugging  the  weeper. 

In  placing  invert  concrete,  the  water-bearing  seams  were  taken  care 
of   by   placing   over   them   broken   stone   drains   covered   with    cement 
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bags  or  sheets  o£  tin,  and  placing  grout  pipes  so  as  to  have  them  extend 
down  through  the  invert  concrete  and  drain.  Wherever  necessary, 
the  water  was  kept  below  the  top  of  the  broken  stone  drain  by  pumping 
through  one  of  the  grout  pipes  until  the  concrete  had  set  sufficiently 
hard.  In  other  cases,  longitudinal  pipe  collectors  were  laid  under  the 
invert,  carrying  the  water  to  a  sump  from  which  it  was  pumped.  There 
were  cases  of  small  springs  in  the  lower  part  of  the  side-walls,  where 
drip-pans  could  not  well  be  placed.  At  such  places,  the  grout  pipe 
was  run  to  a  blind  drain  made  of  broken  stone  and  covered  with 
empty  cement  bags  and  dry  concrete. 

The  drip-pans  varied  in  size  from  1  or  2  sq.  ft.  to  a  maximum  of, 
perhaps,  150  sq.  ft.  It  was  found  to  be  better  to  use  several  small  pans 
rather  than  one  large  one,  in  order  that  the  grouting  pressures  might 
be  applied  more  directly  and  thus  be  more  effective  in  closing  up  the 
seams,  and  also  to  avoid  possible  rupture  of  the  lining  upon  the  appli- 
cation of  the  high-pressure  grouting.  The  pans  were  usually  fitted  with 
two  pipes,  one  at  the  bottom  to  drain  the  water  and  subsequently  for 
grouting,  and  the  other  near  the  top  to  act  as  a  vent  and  aid  the  cir- 
culation of  the  grout  in  the  pan.  Small  pans  were  frequently  fitted 
with  only  one  pipe.  A  great  deal  of  care  and  attention  was  given  to 
the  placing  of  the  drip-pans  and  pipes  in  order  to  insure  a  tight  con- 
crete and,  in  addition,  to  make  adequate  provision  for  effective  grouting 
subsequently. 

In  order  to  make  it  unnecessary  to  cut  many  holes  through  the  forms 
for  the  pipes,  it  was  intended  originally  to  arrange  the  piping  back  of 
the  forms  so  as  to  use  a  system  of  collectors  with  a  few  holes  cut  in 
the  forms  at  regular  places.  It  was  found  to  be  more  effective,  how- 
ever, to  use  short,  direct  pipes  for  grouting  purposes.  There  are  several 
objections  to  grouting  through  long  pipes  with  bends  and  other  con- 
nections; namely,  the  danger  of  clogging  the  pipes,  the  impossibility 
of  cleaning  out  the  pipes  or  drilling  through  holes  already  grouted 
for  the  purpose  of  regrouting,  and  the  delays  likely  to  occur  in  placing 
an  arrangement  of  pipes  with  complicated  details. 

With  the  steel  forms  first  used,  holes  were  cut  for  the  grout  pipes 
and  weepers  only  where  necessary,  and  after  repeated  use,  the  forms 
were  badly  cut  up.  On  some  of  the  later  work,  holes  were  cut  in  the 
forms  at  standard  locations.  On  one  contract  there  was  a  threaded  hole; 
at  the  center  of  each  plate,  to  which  the  pipe  could  be  secured.    This 
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provided  an  opening  for  each  15  sq.  ft.  of  surface,  which  was  adequate 
for  ordinary  conditions. 

By  the  methods  adopted  for  placing  the  concrete  and  protecting  it 
from  inflowing  water,  during  setting,  a  dense  concrete  of  excellent 
quality  was  obtained  for  the  lining  of  the  pressure  tunnels.  In  a  test 
made  in  the  Wallkill  Pressure  Tunnel,  the  lining  for  a  stretch  of 
180  ft.  of  ungrouted  tunnel  was  subjected  to  a  pressure  of  135  lb.  per 
sq.  in.  The  only  indications  of  seepage  through  the  concrete  were  a 
few  damp  spots.  If  the  concrete  in  the  pressure  tunnels  had  not  been 
of  good  quality,  it  would  have  been  extremely  difficult  to  make  the 
grouting  operations  successful. 

Grout  Pipes  and  Weepers.— In  placing  the  concrete  in  the  key  of 
the  arch,  it  is  a  practical  impossibility  to  pack  it  tight  against  the 
rock  continuously  in  the  roof.  Furthermore,  in  setting,  it  shrinks  away 
from  the  rock.  In  order  to  fill  the  void  space  along  the  top  and 
haunches  of  the  arch,  grout  pipes  were  set  in  the  arch  concrete  at  the 
time  it  was  placed.  In  some  stretches,  where  the  breakage  in  the  roof 
was  very  high,  the  space  above  the  normal  thickness  of  the  arch  was 
filled  with  dry  packing  which  was  subsequently  grouted.  Where  steel 
roof  support  was  used,  the  dry  packing  placed  between  the  steel  lagging 
and  the  rock  was  also  grouted  through  pipes  set  in  the  concrete  lining. 

Grout  pipes  in  the  arch  were  usually  placed  at  intervals  not  exceed- 
ing 25  to  50  ft.  along  the  dry  stretches.  In  the  beginning,  three  pipes 
were  placed  at  each  transverse  joint  in  the  arch,  one  at  the  center  and 
one  at  either  haunch,  for  grouting  the  joint.  These  pii)es,  however, 
were  found  to  be  of  little  value  for  the  purpose  and  were  dispensed 
with  in  later  work.  Additional  pipes  were  placed  at  points  of  high 
breakage  in  the  roof  to  serve  as  vents  to  prevent  the  formation  of  air 
pockets  and  insure  the  complete  filling  of  the  voids. 

Both  weepers  and  grout  pipes  were  2-in.  steel  or  wrought  iron, 
except  in  one  of  the  tunnels  where  IJ-in.  pipes  were  used.  The  2-in. 
pipes  are  preferable  as  they  do  not  clog  as  readily  as  the  smaller  ones. 
The  grout  pipes  were  carefully  placed  and  were  usually  wedged  between 
the  forms  and  the  rock,  either  with  a  spike  or  other  spacer  at  the  end 
near  the  rock.  Each  pipe  was  provided,  at  the  end  nearest  the  form, 
with  a  standard  coupling  to  which  the  hose  connection  was  made  for 
grouting.  On  some  parts  of  the  work,  a  wad  of  oakum  was  placed  in 
the  end  of  the  pipe  nearest  the  rock  in  order  to  keep  out  the  concrete. 
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Upon  removing  the  forms  it  was  the  usual  practice  to  clean  out  the 
pipes  by  poking  a  rod  into  them.  To  prevent  the  displacement  of  the 
pipes  during  concreting,  it  was  the  practice  in  one  of  the  tunnels  to 
extend  all  pipes,  the  dry  ones  as  well  as  the  weepers,  through  the  forms 
by  means  of  nipples  screwed  into  the  couplings.  The  nipples  had  to  be 
removed  before  the  forms  were  struck. 


V/et  seam 


Flannel  or 
oakum  packing 
around  pipe 


bearing  seam 


Hole  drilled  for  grouting 
open  water-bearing  seam 


Stone  drain  covered  by  tin 

sheets  or  cement  bags  to  take 

care  of  water  in  invert 


Note: 

Water  flowing  into  the  tunnel  from  the 
seams  in  the  rock  is  collected  behind  drip  pans, 
and  drains  into  the  tunnel  through  2 "pipes  set 
in  the  concrete  while  the  latter  is  placed.     The 
concrete  is  thereby  protected  from  running 
water  during   setting.     The  2  pipes  are  later 
grouted.      Holes  are  also  drilled  in  the  rock 
before  placing  concrete,  to   intercept  water- 
bearing seams.      These   seams   are  subse- 
quently grouted  through  2  "pipes  placed   in 
the  holes  as  shown. 

Fig.    3. 


PRESSURE  TUNNEL 

IN  WET  SEAMY  ROCK 

METHOD  OF  TAKING  CARE  OF 

INFLOWING  WATER  AND  MAKING 

PROVISION    FOR  GROUTING 

WATER-BEARING  SEAMS 

JUNE    12,    1918 
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Low  and  High-Pressure  Grouting.— Grovii'nxg,  in  pressure  tunnels 
was  done  in  two  stages:  (1)  Low-pressure  and,  (2),  high-pressure 
grouting.  The  purpose  of  the  low-pressure  grouting  was:  (a)  pri- 
marily to  fill  the  void  spaces  between  the  lining  and  the  rock,  par- 
ticularly above  the  arch,  and,  at  the  same  time,  to  form  a  blanket  over 
the  construction  joints  in  the  arch;  (h)  to  fill  the  voids  in  the  dry 
packing  where  the  latter  was  used;  and  (c)  to  fill  any  porous  or  honey- 
combed spots  in  the  concrete. 

The  object  of  the  high-pressure  grouting  was :  (a)  To  cut  off  the 
leakage  of  water  into  the  tunnel  and  thereby  prevent  the  escape  of 
water  out  of  the  tunnel  by  filling  with  grout,  forced  in  under  high 
pressure,  the  crevices  and  openings  in  the  surrounding  rock;  and  (&) 
to  complete  the  filling  of  the  voids  between  the  lining  and  the  rock, 
particularly  in  the  high  places  in  the  roof,  and  between  the  drip- 
pans  and  the  rock.  In  general,  the  i^rocedure  followed  in  grouting  was 
first  to  grout  the  space  above  the  arch  under  low  pressure  through  the 
pipes  set  for  the  purpose,  and  then  to  grout,  under  high  pressure,  the 
vent  pipes  and  weepers. 

Low-Pressure  Grouting, 

Detailed  Description. — The  details  of  the  low-pressure  grouting 
differed  somewhat  on  the  various  contracts,  the  following  description 
being  typical  of  the  procedure  as  finally  developed.  When  a  stretch 
of  tunnel  was  ready  for  grouting,  the  usual  practice  was  first  to  grout 
the  arch  pipes,  beginning  at  one  end  of  the  stretch  and  working 
toward  the  other.  The  pipe  to  be  grouted  was  first  raked  out  in 
order  to  clean  it  of  any  obstruction;  sometimes,  it  was  blown  out  with 
air  to  clear  it.  Plug  cocks  were  placed  on  all  pipes  to  which  connec- 
tions were  made.  A  2-in.  grout-hose  connection,  equipped  with  a 
side  vent,  was  attached  to  the  pipe  to  be  grouted,  and  batches  of  grout 
from  a  tank  grouting  machine  were  then  discharged  through  the  hose 
and  into  the  pipe,  by  compressed  air.  The  pressure  ordinarily  used 
for  this  grouting  was  about  75  to  90  lb.  jicr  scj.  in. 

Grouting  was  continued  at  each  pipe  to  which  connection  was  made 
until  the  pipe  refused  to  take  more  grout  or  until  the  grout  had 
traveled  along  the  roof  several  hundred  feet  aheaS,  when  connection 
v/as  made  with  another  pipe  and  tlic  process  repeated.  The  distance 
which  the  grout  above  the  arch   could   he   forced   ahead  of  the  pipe, 
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varied  from  200  to  300  ft.,  and,  in  some  cases,  where  there  was  a  large 
continuous  void  space  in  the  roof,  it  would  travel  more  than  500  ft. 
It  was  the  usual  practice,  however,  where  conditions  were  normal,  to 
grout  the  space  above  the  arch  by  making  connections  to  the  roof 
pipes  every  125  to  200  ft. 

In  charging  the  grout  tank  the  cement,  sand,  and  water  in  proper 
proportions  were  placed  in  the  tank,  and  the  air  was  allowed  to  boil 
up  through  the  batch  to  agitate  it,  while,  at  the  same  time,  the  batch 
was  generally  stirred  by  a  hand  paddle,  as  the  air  alone  was  insufficient 
to  mix  the  materials  thoroughly. 

As  the  batches  of  grout  were  forced  into  the  pipe  and  the  grout 
flowed  ahead,  water  in  large  streams  issued  from  the  adjacent  roof 
pipes;  this  was  the  excess  water  from  the  grout,  as  well  as  the  ground- 
water leakage  which  had  collected  above  the  arch.  This  water  was  pushed 
ahead  of  the  grout,  and  as  soon  as  the  pipes  showed  a  flow  of  grout 
they  were  plugged  either  by  driving  tapering  pine  plugs  into  them  or, 
as  in  the  case  of  the  vent  or  other  pipes  to  which  connection  was  to 
be  made  for  high-pressure  grouting,  they  were  closed  by  means  of  the 
plug  cocks  at  the  ends.  In  some  cases,  the  holes  for  the  connections 
were  plugged  by  driving  a  wad  of  oakum  back  into  the  far  end  of  the 
pipe.  At  the  end  of  the  shift,  or  several  hours  after  grouting,  when 
the  grout  had  partly  set,  the  oakum  was  removed  with  an  auger.  Any 
pipe  which  had  filled  up  with  grout  that  had  set,  was  drilled  out  for 
the  subsequent  grouting. 

During  low-pressure  grouting,  the  high  vent  pipes  were  kept  open 
to  drain  off  the  excess  water,  to  permit  the  escape  of  air,  and  to  prevent 
the  accumulation  of  ground-water  pressure.  During  the  grouting,  the 
transverse  joints  in  the  arch  and  any  porous  spots  in  the  concrete 
generally  showed  a  seepage  of  water  first,  then  very  thin  grout 
appeared,  after  which,  the  leaks  usually  stopped  in  a  short  time,  and 
silted  up.  In  some  cases,  the  leakage  of  grout  and  water  through  the 
joints  was  stopped  by  driving  thin  wooden  wedges  into  the  joints, 
and  leakage  through  the  porous  concrete  was  stopped  by  bracing  and 
wedging  a  board  covered  with  a  mat  of  oakum  against  the  porous 
spot.  The  longitudinal  joints  on  either  side  of  the  key  at  the  top  of 
the  arch  also  leaked  in  a  few  stretches,  due  principally  to  porous 
concrete  in  the  vicinity  of  the  joints. 
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The  weepers  from  drains  and  drip-pans,  and  the  deep-seated 
pipes  were  also  kept  open  during  low-pressure  grouting.  The  matter 
of  proper  venting  and  free  drainage  of  the  ground-water  during  low- 
pressure  grouting  is  of  the  greatest  importance  in  securing  good 
results,  because  it  is  essential  not  to  permit  the  building  up  of  a 
ground-water  head  on  the  fresh  grout  since  the  object  is  to  form  an 
impervious  blanket  over  the  top  of  the  arch  and  thereby  prevent 
leakage  of  water  through  the  unset  grout  and  the  formation  of  channels 
through  the  transverse  and  longitudinal  construction  joints  or 
through  any  porous  spots  in  the  concrete. 

Grouting  Dry-Pached  Spaces  Above  the  Arch. — When  grouting  dry 
packing  in  large  void  spaces  above  the  arch,  hose  connections  were  first 
made  to  the  lowest  pipes,  and  as  the  voids  in  the  dry  packing  were 
filled  and  the  water  was  drained  off,  connections  were  made  to  the 
higher  pipes.  Cases  occurred  where  the  vent  pipes  extended  from  15 
to  20  ft.  in  the  dry  packing  above  the  arch,  and,  at  these  places, 
grouting  was  continued  until  the  vent  pipes  showed  a  flow  of  grout, 
indicating  that  the  dry  packing  was  thoroughly  filled.  Where  water 
is  present  above  the  arch,  it  is  important  that  the  grout  should  displace 
the  water  from  below  and  not  be  permitted  to  mingle  with  it.  Samples 
cut  from  the  grout  above  the  arch  showed  tlie  grout  to  be  exceedingly 
dense  and  impervious,  filling  the  space  without  shrinkage  and  often 
forming  a  close  bond  with  the  surrounding  rock. 

Proportions  Used  for  Loiv-Pressure  Grouting. — A  batch  of  grout 
consisted  of  one  bag  of  cement  weighing  about  95  lb.,  one  bag  of  sand 
weighing  generally  about  80  to  90  lb.,  and  from  6  to  8  gal.  of  water, 
the  total  making  a  batch  of  about  2.0  to  2.2  cu.  ft.  of  liquid  grout 
measured  in  the  tank.  The  cement  was  the  ordinary  commercial  brand 
used  for  the  concrete  lining.  The  sand  was  very  fine,  screened  when 
iiecessary  to  meet  the  requirements  of  the  specifications,  namely,  that 
100%  pass  a  sieve  having  G4  openings  per  sq.  in.,  45%  pass  a  sieve 
having  1  600  openings  per  sq.  in.,  the  wires  of  the  sieves  being,  respec- 
tively, 0.035  and  0.013  in.  in  diameter.  In  the  work  north  of  New 
York  City,  glacial-  sand  was  used,  while  for  the  City  Tunnel  white 
quartz  beach  sand  from  the  south  side  of  Long  Island  was  obtained. 

The  quantity  of  grout  placed  depended  on  the  excess  breakage  in 
the  roof  and  the  extent  of  the  dry  packed  spaces.  In  the  City  Tunnel, 
in  unsupported  stretches,  where  no  dry  packing  was  used  in  the  roof. 
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the  quantity  of  grout  placed  under  low  pressure  varied  from  4  to  9 
oil.  ft.  per  lin.  ft.  of  tunnel. 

Progress  in  Loiv-Pressure  Grouting. — The  progress  in  low-pressure 
grouting  varied,  usually  from  about  600  to  1  000  ft.  of  tunnel  a  week, 
working  three  shifts  a  day.  Many  factors  influenced  the  speed,  such 
as  the  length  of  haul,  the  delivery  of  materials,  the  proficiency  of  the 
gang  in  loading  and  unloading  the  ears,  etc.,  and,  of  course,  the  volume 
of  space  to  be  filled  above  the  arch.  Usually,  in  normal  stretches  of 
tunnel,  not  more  than  one  or  two  connections  were  made  in  24  hours. 
The  sand  and  cement  were  hauled  through  the  tunnel  to  the  grouting 
plant  on  flat  cars  holding  from  20  to  30  bags.  The  sand  was  brought 
to  the  work  in  bulk,  but  was  bagged  by  hand  at  the  top  of  the  shaft 
before  it  was  sent  underground.  Tests  were  made  of  handling  the 
sand  in  bulk  in  the  tunnel,  but  it  was  soon  found  that  a  package  of 
about  the  same  size  and  weight  as  a  bag  of  cement  was  the  most  con- 
venient form  for  rapid  handling. 

The  force  employed  in  the  tunnel  for  low-pressure  grouting  was 
generally  one  foreman  and  seven  or  eight  men,  two  charging  the  grout 
tanks,  one  stirring  the  batch,  one  operating  the  valves  on  the  grout 
tank,  and  three  or  four  handling  the  hose  and  making  the  connec- 
tions. On  the  surface,  men  were  employed  to  bag  the  sand  and  load  the 
cars  on  to  the  cages. 

Precautions  to  Be  Observed  in  Placing  Low-Pressure  Grout. — Low- 
pressure  grout  should  be  injected  gently  under  as  low  a  pressure  as 
possible  to  avoid  churning  of  the  mix  and  separation  of  the  ingre- 
dients, and  only  a  sufficient  quantity  of  water  should  be  used  to  produce 
a  freely  flowing  mixture  that  will  not  clog  the  hose.  The  air  pressure 
should  not  be  higher  than  necessary  to  force  the  grout  through  the 
hose  and  into  place.  A  reducing  valve  was  used  on  some  parts  of  the 
work  to  cut  down  the  line  pressure  from  90  to  40  and  30  lb.  per  sq.  in. 
An  excess  of  air,  especially  when  injecting  grout  under  water,  is  likely 
to  agitate  and  churn  the  mix,  causing  separation  and  stratification 
of  the  sand  and  cement,  with  the  formation  of  a  soft  deposit  of  laitance 
at  the  top  of  the  grout  in  contact  with  the  rock. 

To  avoid  the  after  blast  of  air  when  grouting  a  space  filled  with 
water,  it  was  the  usual  practice  to  close  the  discharge  valve  before 
the  hose  '^kicked",  the  latter  requiring  careful  watching.  A  further 
precaution  used  to  prevent  the  separation  of  the  mix  where  a  large 
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space  filled  with  water  was  grouted,  was  to  keep  the  grouting  con- 
nection from  2  to  3  ft.  below  the  top  of  the  grout. 

The  importance  of  venting  the  high  pipes  and  allowing  all  the 
weepers  to  run  freely  during  low-pressure  grouting-  has  been  referred 
to.  It  sometimes  happens  that  low-pressure  grout  enters  the  drip-pans 
or  drains,  but  in  such  cases  the  pipes  should  not  be  kept  closed  to 
allow  the  accumulation  of  ground-water  pressures. 

In  stretches  showing  general  seepage  in  the  roof  of  the  tunnel, 
taken  care  of  by  drip-pans  and  pipes,  it  was  sometimes  found  that  the 
panning  was  not  entirely  successful  in  preventing  the  water  from 
mingling  with  the  grout.  At  first,  it  was  thought  that  these  wet 
stretches  should  not  be  grouted  with  the  drier  stretches  on  either  side, 
and  they  were  skipped  on  the  first  trip,  but  it  was  found  that  better 
results  could  be  secured  by  grouting  the  wet  stretches  in  the  roof  with 
the  rest,  as  the  water  in  the  wet  stretches  did  not  accumulate  pres- 
sure, but  would  travel  over  the  top  of  the  dense  unset  grout  to  open 
vent  pipes,  sometimes  a  long  distance  away,  instead  of  breaking  through 
the  grout  blanket  at  a  point  of  near-by  weakness. 

High-Pressure  Grouting. 

The  purpose  of  the  high-pressure  grouting,  as  already  stated,  was 
to  complete  the  filling  of  the  voids  between  the  lining  and  the  rocks, 
and,  more  particularly,  to  cut  ofi^  the  flow  of  water  into  the  tunnel  by 
forcing  grout  into  the  water-bearing  seams  and  closing  up  all  openings 
in  the  surrounding  rock,  in  order  to  prevent  or  reduce  the  leakage  out 
of  the  tunnel  when  the  latter  is  in  service. 

Detailed  Description. — It  was  the  general  practice  first  to  grout 
the  high  vent  pipes  in  the  roof,  in  order  to  complete  the  filling  of  the 
space  above  the  arch,  and  then  to  grout  the  pipes  from  the  drip-pans 
f  nd  the  deep-seated  pipes  leading  to  the  rock  seams.  Some  of  the 
vent  pipes  in  the  roof  showed  a  flow  of  water  in  stretches  originally 
dry.  The  grouting  of  one  vent  pipe  would  often  stop  the  flow  of  water 
from  another,  indicating  a  flow  of  grout  through  the  open  seams  in 
the  rock.  In  other  cases  there  would  be  an  increase  in  the  flow  of  water 
from  a  weeper  due  to  forcing  water  through  the  rock  seams  to  an  open 
vent.    As  a  rule,  very  little  grout  could  be  injected  into  the  vent  pipes. 

After  grouting  the  arch  pipes,  the  "wet"  pipes,  or  weepers,  were 
next   grouted.      In    starting    operations,    air    at    100-lb.    pressure    was 
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Fig.   4. — Gkouting  Equipment  in  Operation  in  City  Tunnel. 


Fig.   5. — Steel  Shell  for  Taking  Care  of  "Water,  Rondout  Pressure  Tunnel. 
Flow  of  2  000  Gal.  per  Mix.  Encountered  in  Stretch  of  350  Ft. 


Papers.]      GROUTING   ()I'KRAT10N8,   CATSKILL   WATER  SUPPLY  23 

blown  into  the  pipe  to  expel  the  water  from  the  drip-pans  or  seams. 
This  was  sometimes  followed  by  a  charge  of  water  to  clear  the  pipe 
just  prior  to  grouting.  The  charge  of  water  was  often  applied  as  a 
test  to  give  an  idea  of  the  circulation  of  grout  to  be  expected.  If  the 
charge  of  water  failed  to  ''go",  the  pipe  would  take  very  little  grout. 
Another  indication  of  the  size  and  extent  of  the  rock  seams  that  could 
be  reached  from  a  connection  was  the  showing  of  air  at  another  open 
pipe  or  the  refusal  of  the  pipe  to  take  air  when  high  air  pressure  was 
applied. 

The  usual  practice  was  to  grout  the  weepers  with  a  mix  of  1  bag 
of  cement  and  5  to  8  gal.  of  water.  When  the  pipe  would  take  no 
more  grout,  the  high  pressure,  about  300  lb.  per  sq.  in.,  was  kej^t  on  it 
for  from  5  to  10  min.,  which  had  the  effect  of  squeezing  the  water  out  of 
the  grout  and  packing  the  cement  solidly  in  the  pipe.  Frequently,  if 
this  procedure  did  not  completely  fill  the  pipe,  it  was  drained  and 
plugged  with  a  thick  batch  of  grout.  Temporary  plugging  of  a  seam 
during  grouting  was  often  overcome  by  forcing  air  into  the  seam  under 
high  pressure. 

It  was  found  difficult  to  shut  off  small  leaks  throiigh  pipes  set  in 
the  lower  portion  of  the  side-walls  where  no  vents  were  provided. 
After  a  pressure  of  300  lb.  per  sq.  in.  had  been  maintained  on  these 
holes  for  several  minutes,  it  was  often  found  that  no  grout  had  been 
forced  in  the  pipe  and  the  leak  still  continued.  Such  pipes  were 
successfully  closed,  even  in  the  case  of  those  which  flowed  several 
gallons  per  minute,  by  driving  a  tight-fitting  wooden  plug  into  the 
extreme  end  of  the  pipe  and  then  ramming  with  dry  cement. 

It  was  the  practice  on  some  parts  of  the  work  to  complete  the  high- 
pressure  grouting  on  all  the  key  pipes  in  the  arch  in  a  stretch  of 
tunnel,  after  which  the  tunnel  was  gone  over  a  third  time  when  the 
flowing  pipes  were  grouted. 

Air  Pressures. — The  pressure  used  for  high-pressure  grouting 
varied,  as  a  rule,  between  250  and  350  lb.  per  sq.  in.  This  was  the 
pressure  at  the  grouting  tank.  It  had  to  be  sufficiently  high  to  over- 
come the  ground-water  pressure  and,  in  addition,  to  force  the  grout 
into  the  seams  in  the  surrounding  rock.  In  the  case  of  very  fine 
seams,  the  frictional  resistance  is  so  great  that  it  is  doubtful  if  much 
grout  is  injected  into  them  even  under  high  tank  pressures. 
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Gauge  measurements  of  the  rock-water  pressure  were  often  taken 
before  the  grouting  of  a  flowing  pipe  was  started.  The  gauge  readings, 
however,  gave  no  clue  as  to  the  quantity  of  groiit  the  pipes  would  take. 
The  gauge  pressures  showed  that  the  rock-water  level  at  the  pressure 
tunnels  had  dropped  considerably  below  the  original  ground-water  level, 
the  gauges  registering  pressures  usually  under  100  lb.  per  sq.  in.,  so 
that  the  back  pressure  was  not  generally  high  and  the  grout  was  forced 
in  under  high  net  pressures.  In  many  cases,  the  entire  ground-water 
head  was  restored  a  few  weeks  after  the  completion  of  the  high-pressure 
grouting.  The  grouting  of  a  wet  seam  in  the  Hudson  River  Tunnel 
has  already  been  referred  to.  At  this  location,  the  ground-water 
pressure  before  grouting  was  475  lb.  per  sq.  in.,  and  the  grouting  was 
done  under  pressures  running  up  to  a  maximum  of  about  700  lb.  per 
sq.  in. 

Mix  and  Consistency. — To  insure  the  flow  of  grout  into  the  fine 
openings,  neat  cement  was  used  in  high-pressure  grouting.  The  con- 
sistency of  the  mix  varied,  depending  on  the  conditions.  Ordinarily, 
1  bag  of  cement  and  5  to  8  gal.  of  water  were  used.  Where  grout  could 
be  forced  into  the  rock  seams  it  was  mixed  very  thin — as  thin  as  \  bag 
of  cement  to  30  gal.  of  water.  If  this  mix  was  taken  freely,  it  was 
regarded  as  an  indication  that  the  grout  was  traveling  some  distance 
from  the  tunnel  lining  and,  therefore,  was  not  of  much  value.  The 
mix  was  accordingly  thickened  gradually  by  increasing  the  quantity  of 
cement  in  the  batches  until  the  pipe  began  to  refuse  grout,  when  thin 
grout  was  again  injected,  the  pipe  being  finally  plugged  with  a  batch 
of  thick  grout  under  300-lb.  pressure. 

Cement.-'— 1.1  was  originally  contemplated  to  use  very  finely  ground 
cement  for  grouting  in  order  that  the  grout  might  be  carried  readily 
into  the  finest  seams.  However,  cement  of  ordinary  fineness  of  grind- 
ing was  used,  as  it  was  realized  that,  in  time,  the  openings  outside  the 
tunnel  lining  and  through  the  body  of  the  concrete  would  silt  up. 
Experiments  show  that  the  finer  the  grinding,  the  greater  the  loss  in 
the  strength  of  the  grout  on  account  of  the  more  thorough  hydration 
of  the  cement.  The  coarse  particles  impart  strength  to  the  cement, 
and,  for  that  reason,  very  fine  grinding  may  not  be  desirable.  Some 
tests  were  made  under  severe  conditions,  using  quick-setting  Lias  lime, 
but  the  results  were  not  satisfactory,  as  the  material  did  not  harden 
properly  and  the  water  was  not  cut  off. 
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Precautions  to  Be  Observed  in  High-Pressure  Grouting. — A  very 
important  factor  in  successful  grouting  is  the  control  of  the  consistency 
of  the  mix.  For  large  openings,  thick  consistencies  should  be  used, 
while  for  the  very  finest  openings  the  best  results  are  obtained  with 
thin  grout.  The  thick  mixes,  however,  must  carry  enough  water  to 
prevent  luidue  clogging.  No  coarse  particle  or  lumps  of  cement  must 
be  allowed  to  go  into  the  tank.  The  cement  is  sometimes  affected  by  the 
dampness  of  the  tunnels  and  should  be  screened  when  necessary. 
Grouting  of  a  hole  must  be  continued  without  an  interruption  long 
enough  to  clog  the  hose  or  permit  an  initial  set  of  the  grout. 

Special  Features  in  Connection  with  Grouting. 
Time  Required  for  Grouting  and  Quantity  of  Grout  Placed. — The 
time  required  for  grouting  the  pressure  tunnels  varied,  depending  on 
the  method  and  equipment  used,  the  length  of  haul,  the  extent  of  the 
space  grouted,  and  the  quantity  and  distribution  of  inward  leakage. 
Table  1  and  the  following  data  give  the  progress,  force  employed, 
power  consumption,  and  other  facts  relating  to  the  grouting  in 
the  two  miles  of  tunnel  included  in  Section  8  of  the  City  Tunnel, 
in  the  lower  part  of  New  York  City.  This  portion  of  the  tunnel 
was  comparatively  dry,  there  being  no  large,  concentrated  flows 
within  the  two  miles.  The  air  used  for  grouting  was  supplied  by  a  com- 
pressor at  the  top  of  one  of  the  shafts.  The  plant  and  equipment  used 
for  grouting  on  this  part  of  the  work  are  shown  in  Fig.  6. 


TABLE  1. — Data  on  Pressure  Tunnel  Groutinc;, 

Contract  67,  Section  8. 

Finished  Diameter  of  Tunnel,  11  and  12  Ft. 


Low-pressure 

grouting  : 

One  grouting- 

outfit. 


High-pressure 

grouting  : 

One  grouting 

outfit. 


Linear  feet  of  tunnel  grouted 

Connections  to  grout  pipes 

Eight-hour  shifts  worked 

Batclies  of  grout  placed 

Quantity  of  liquid  grout  placed,  in  cubic  yards 

Quantity  of  grout  per  linear  foot  of  tunnel,  in  cubic  yards 
Progress  per  week,  in  linear  feet  of  tunnel 


10  313 

170 

72 

23  298 

1  761 
0.17 

2  690 


10  313 

1  683 

116 

3  888 
153 
0.02 
1  467 


The  total  force  employed  in  the  tunnel  and  on  the  surface,  aver- 
aged 42  men  on  each  shift  during  the  low-pressure  grouting  and  34 
men  per  shift  on  high-pressure  grouting,  for  two  grouting  outfits. 
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The  electrical  power  consumed  by  the  compressor,  hoist,  lighting, 
pumps,  and  tractors  aggregated  approximately  Y  800  kw-hr.  and  5  300 
kw-hr.  per  1  000  ft.  of  tunnel  on  low  and  high-pressure  grouting,  respec- 
tively, covering  two  grouting  outfits. 

The  cost  to  the  City,  of  grouting,  based  on  contract  prices,  aver- 
aged $5  per  lin.  ft.  of  tunnel,  on  Contract  67. 

Quantity  of  Grout  Tahen  hy  Floiving  Pipes. — The  quantity  of 
grout  injected  into  the  pipes  varied,  depending  on  the  flow  of  water, 
the  size  of  the  openings  in  the  rock,  the  back  pressure,  and  other 
conditions.  The  quantity  of  water  issuing  from  a  flowing  pipe  gave 
some  indication  of  the  quantity  of  grout  the  pipe  would  take,  but  it 
was  not  an  absolute  index.  An  idea  of  the  quantity  of  grout  taken  by 
flowing  pipes  is  furnished  by  the  experience  in  grouting  seams  in  lime- 
stone in  the  Rondout  Siphon,  where  the  tunnel  lining  was  ruptured  on 
account  of  movement  in  the  surrounding  rock  when  the  tunnel  was  first 
filled  with  water  for  the  purpose  of  testing  it.  Holes  were  drilled 
through  the  lining  into  the  rock,  and  the  seams  were  grouted.  A  very 
thin  grout  was  used — about  0.8  lb.  of  cement  to  1  gal.  of  water. 

In  the  case  of  29  pipes  flowing  less  tlian  1  gal.  per  min.,  only  6 
took  more  than  1  bag  of  cement,  and  the  maximum  in  any  one  pipe 
was  2J  bags.  Of  24  pipes  leaking  from  1  to  5  gal.  per  min.,  the 
maximum  quantity  of  grout  injected  into  any  one  pipe  was  24  bags 
of  cement,  the  minimum,  i  bag,  and  the  average,  4.3  bags.  Of  12 
pipes  leaking  from  5  to  10  gal.  per  min.,  the  maximvmi  quantity  injected 
into  any  pipe  was  7J  bags,  the  minimum  1  bag,  and  the  average  3.2 
bags.  Of  8  pipes  leaking  more  than  10  gal.  per  min.,  the  maximum 
quantity  injected  into  any  one  pipe  was  198  bags,  the  minimum  5  bags, 
and  the  average  62  bags. 

Cut-off  Walls. — The  method  of  grouting  originally  contemplated 
called  for  the  construction  of  masonry  cut-oflf  walls  to  be  built  over 
the  tunnel  arch  tight  against  the  roof,  at  intervals  of  about  50  ft. 
The  purpose  of  these  walls  was  to  confine  the  flow  of  grout  and  to 
grout  the  space  above  the  tunnel  arch  in  short  stretches,  the  pressure 
in  the  stretch  grouted  being  raised  gradually  imtil  the  maximum 
required  pressure  of  300  lb.  per  sq.  in.  was  reached.  It  was  expected 
that  the  high  j^ressures  would  force  the  gi'out  into  the  seams  in  the 
surrounding  rock.  The  cut-off  walls  were  to  be  constructed  so  that 
tliey  would  retain  grout  under  the  maximum  pressure. 
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In  the  beginning  efforts  were  made  to  build  these  cut-off  walls, 
but,  after  some  experience,  it  was  found  to  be  impracticable  to  make 
them  tight  against  the  high  pressures.  Aside  from  this  consideration, 
there  is  serious  objection  in  the  case  of  wet  stretches  to  dividing  the 
arch  into  short  sections  and  at  once  applying  high-pressure  grout.  If 
the  ground-water  is  confined,  the  head  builds  up,  and  on  the  application 
of  high-pressure  air  to  the  liquid  grout  over  the  arch,  the  ground-water 
will  force  an  outlet  into  the  tunnel  through  the  transverse  construction 
joints  in  the  arch.  Efforts  to  stop  such  leaks  by  drilling  holes  in  the 
concrete  lining  and  rock  and  subsequent  grouting  were  generally 
unsuccessful. 

After  the  originally  contemplated  method  of  building  the  cut-off  walls 
was  abandoned,  an  attempt  was  made  to  build  grout  cut-off  walls  and 
to  grout  in  three  stages,  substantially  as  follows :  A  connection  was 
made  to  a  pipe  set  at  a  low  spot  in  the  roof  profile,  and  grout  was 
forced  in  under  low  pressure,  generally  from  30  to  40  lb.,  until  it 
flowed  from  an  adjacent  pipe  the  upper  end  of  which  was  at  a  higher 
elevation.  Another  low  spot  in  the  roof,  about  75  to  100  ft.  distant, 
was  then  grouted,  and  the  process  was  continued  throughout  a  stretch 
of  tunnel.  If  any  weepers  showed  grout  during  this  stage,  they  were 
plugged,  and  the  holes  were  reopened  about  12  hours  later  by  cleaning 
out  the  pipes  with  a  rod.  Subsequently,  connection  was  made  at  these 
holes  for  high-pressure  grouting. 

After  the  grout  cut-off  walls  had  set  up,  the  second  stage  consisted 
in  grouting  the  sections  between  the  cut-off  walls,  starting  with  a  pres- 
sure of  100  lb.  and  raising  it  to  300  lb.  per  sq.  in.  The  high  vent  pipes 
were  then  opened  and  the  water  that  had  accumulated  was  allowed  to 
run  off.  After  a  stretch  of  tunnel  had  been  grouted  in  this  manner, 
all  the  valves  at  the  ends  of  the  pipes  were  opened,  all  plugs  removed, 
and  all  pipes  which  were  open  and  flowed  water,  were  grouted  under 
a  pressure  of  300  lb.  After  this  method  of  grouting  had  been  tried, 
it  was  found  that  more  than  70%  of  the  total  quantity  of  grout  placed 
was  used  for  forming  the  cut-off  walls.  There  was  therefore  little  or 
no  advantage  in  this  scheme,  and  it  was  abandoned,  and  the  method 
of  grouting  the  entire  space  above  the  arch  in  one  operation  without 
the  use  of  cut-off  walls  as  already  described,  was  adopted. 

A  fair  degree  of  success  was  attained  in  the  use  of  cut-offs  in  one 
stretch  in  the  Rondout  Tunnel,  where  the  shrinkage  space  between  the 
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concrete  in  the  arch  and  the  rock  in  the  roof  at  the  end  of  each  section 
of  arch  was  packed  tight  with  mortar.  The  method  of  grouting  was  to 
fill  the  space  above  a  section  of  the  arch  with  1 : 1  grout  at  a  pressure  of 
about  50  lb.  per  sq.  in.  and,  after  this  space  was  filled,  to  continue 
forcing  neat  cement  grout  through  the  same  connection  until  the  hole 
refused  to  take  grout  at  300-lb.  pressure.  High  vent  pipes  in  the  same 
section  of  arch  were  then  grouted  under  a  pressure  of  300  lb.  per  sq.  in. 
The  conditions  in  the  stretch  where  this  method  was  used  were  very 
favorable,  the  arch  being  practically  dry  and  the  breakage  in  the  roof 
regular.  Not  all  the  cut-offs  proved  to  be  tight,  however,  and  the 
grout  was  not  confined  in  all  cases.  An  interesting  test,  showing  the 
reduction  of  tank  pressure,  was  made  during  the  grouting  in  this 
stretch.  With  an  air  pressure  of  300  lb.  per  sq.  in.  at  the  grouting 
tank,  a  gauge  at  a  distance  of  15  ft.  from  the  pipe  connected  to, 
registered  a  pressure  of  160  lb.  per  sq.  in.,  the  1:  1  grout  over  the  top 
of  the  arch  having  been  in  place  less  than  4  hours. 

In  stretches  of  tunnel  where  dry  packing  was  used  above  the  arch 
continuously  for  several  hundred  feet,  cut-off  walls  were  built  at 
intervals  of  from  75  to  100  ft.  to  avoid  the  tlow  of  grout  for  very  long 
distances,  and  to  prevent  the  separation  of  the  sand  and  the  cement. 
Brick  cut-off  walls  were  biiilt  in  connection  with  the  grouting  of  the 
wet  stretch  on  the  incline  north  of  Shaft  4,  Rondout  Tunnel.  The 
grouting  of  this  stretch  is  described  in  detail  later. 

Drip-Pans  vs.  Deep-Seated  Pipes. — There  may  be  a  difference  of 
opinion  as  to  the  best  method  of  treatment  in  taking  care  of  incoming 
water  and  subsequent  grouting  where  the  leakage  into  the  tunnel  ex- 
tends over  a  considerable  area.  Although  in  numerous  cases  deep 
holes  were  drilled  into  the  water-bearing  seams  to  collect  the  water,  it 
was  not  the  general  practice  to  drill  an  extensive  number  of  such  holes 
where  large  wet  areas  were  encountered.  The  use  of  drip-pans, 
whereby  all  the  open  seams  are  exposed  directly  to  the  action  of  the 
grout,  is  believed  to  be  the  best  method  of  treatment  in  such  cases. 
In  either  method,  penetration  of  the  grout  is  probably  very  slight  in 
the  case  of  small  openings  in  the  rock. 

In  two  cases  where  excessively  wet  stretches  of  tunnel  were  en- 
countered, namely,  in  Rondout  Tunnel,  north  of  Shaft  4,  and  in  the  City 
Aqueduct  Tunnel,  near  Shaft  24,  light  steel  shells  consisting  of  ribs  and 
plates  were  used  to  protect  the  concrete  during  placing.     (See  Fig.  5.) 
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The  space  between  the  shell  and  the  rock  was  dry  packed  and  subse- 
quently grouted.  In  addition,  holes  were  drilled  directly  into  the  seams 
and  grouted.  Very  successful  results  were  obtained  by  the  methods 
adopted  in  these  two  stretches.  There  were  other  places  where  deep 
holes  were  drilled  in  wet  ground  and  grout  forced  in  the  rock  with  very 
good  results.  Where  conditions  are  favorable,  that  is,  in  porous  and 
broken-up  rock  with  open  and  distinct  seams,  permitting  the  free  cir- 
culation of  the  grout,  deep-seated  pipes  are  undoubtedly  very  effective 
in  grouting  the  rock.  A  suiEcient  number  of  deep  holes  should  be 
drilled,  however,  so  as  to  intersect  as  many  seams  as  possible. 

For  a  short  distance  south  of  Shaft  14  in  the  City  Tunnel,  prac- 
tically the  whole  face  of  the  rock  was  dripping  water.  To  avoid 
covering  the  entire  area  with  drip-pans,  i)arallel  strips  of  pans  about 
2  ft.  wide  and  a  few  feet  apart  were  placed  around  the  upper  half  of 
the  tunnel.  It  was  thought  that  the  water  would  find  less  resistance 
in  traveling  through  a  few  feet  of  fissured  rock  than  through  the  newly 
placed  concrete  lining.  This  proved  to  be  the  case,  as  all  the  water 
came  through  the  grout  pipes  connected  with  the  pans.  Through 
these  same  pipes  the  tunnel  was  grouted  very  successfully. 

To  test  the  efficacy  of  the  grouting  of  the  rock  by  means  of  deep- 
seated  pipes,  test  holes  were  drilled  through  the  concrete  lining  in  the 
Rondout  Tunnel  and  into  the  rock  in  the  very  wet  stretch.  With  one 
exception,  the  holes  showed  a  slight  seepage,  indicating  that  the  grout 
had  filled  the  water-bearing  seams  adjacent  to  the  tunnel.  In  one  hole, 
however,  drilled  about  8  ft.  into  the  rock  in  the  invert,  a  flow  of  71  gal. 
per  niin.  was  struck,  although  133  bags  of  cement  had  been  forced  into 
a  hole  about  5  ft.  away  during  the  original  high-pressure  grouting. 
This  test  shows  that  the  character  of  the  rock,  the  nature  and  size  of 
the  openings,  and  other  conditions  must  be  carefully  studied  in  locating 
the  holes  for  gi'outing.  Another  requisite  for  success  in  grouting  the 
deep-seated  pipes  is  the  use  of  thin  grout.  It  is  also  important  to  inject 
the  grout  continuously,  so  that  the  ground-water  pressure  will  not  force 
it  back  into  the  pipe  or  hole. 

Deep  holes  drilled  into  very  fine  seams  will  ordinarily  clog  the  seam 
with  drill  chips,  making  it  impossible  to  force  much  grout  into  such 
seams.  Experience  showed  that  not  more  than  one  pipe  in  ten  would 
permit  the  grouting  of  fine  seams.  Deep  holes  are  preferable  to  shallow 
holes,  as  the  former  are  more  apt  to  intersect  water-bearing  seams  and 
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take  more  grout.  If  deep-seated  pipes  are  used  along  a  large  water- 
bearing seam,  they  should  be  ]ilaeed  generally  not  more  than  15  ft. 
apart;  the  seams  where  exposed  should  be  raked  out  to  clear  them  of 
loose  chips  of  rock,  and  the  edges  should  be  caulked  with  oakum  or 
CGvered  by  a  drip-pan  before  placing  the  concrete.  The  difficulty  of 
adjusting  the  consistency  of  the  grout,  where  large  and  small  seams 
occur,  has  been  referred  to.  Wide  seams  require  thick  grout,  while 
fine  seams  are  at  once  blocked  without  filling,  unless  the  thinnest  grout 
is  used. 

Time  of  Grouting. — The  question  of  the  time  to  be  allowed  between 
the  placing  of  the  concrete  lining  and  the  application  of  high-pressure 
grout  was  given  careful  consideration,  particularly  where  the  tank 
grouting  pressure  might  be  transmitted  over  a  considerable  area.  It 
was  stipulated  in  the  specifications  that  grouting  under  pressure  would 
not  generally  be  ordered  in  any  place  until  three  months  after  placing 
the  concrete  lining  at  that  place.  This  rule  was  generally  followed, 
although  there  were  cases  where  grouting  under  300  lb.  pressxire  was 
done  within  a  month  after  the  placing  of  the  concrete  without  injury 
to  the  lining.  There  were  two  or  three  cases  where  the  lining  ruptured 
at  the  time  of  grouting,  but  the  breaks  were  not  due  to  the  lack  of  age  of 
the  concrete.    No  case  of  cracking  occurred  in  the  top  of  the  arch. 

Other  considerations  controlling  the  time  of  .grouting  are  the 
shrinkage  and  the  imperviousness  of  the  concrete.  Tests  show  that, 
at  the  age  of  1  month,  concrete  has  developed  80%  of  its  3  months' 
strength  and  has  acquired  the  greater  part  of  its  imperviousness. 
Shrinkage  also  appears  to  be  complete  in  from  3  to  4  weeks.  It 
would  seem,  therefore,  that  grouting  Tinder  ordinary  conditions  can 
safely  be  done  one  month  after  the  placing  of  the  concrete  lining. 

Cracls  in  the  Concrete  Lining. — Reference  has  been  made  to  the 
opening  of  the  transverse  joints  between  adjacent  sections  of  the  arch 
and  side-walls,  due  to  the  contraction  of  the  concrete.  Irregular  trans- 
verse shrinkage  cracks  also  developed  between  the  construction  joints, 
even  in  the  30  and  40-ft.  lengths  of  arch  and  side-wall.  The  cracks 
were  mostly  in  the  arch,  but  were  quite  common  also  in  the  side-wall. 
This  cracking  is  due  to  the  contraction  of  the  concrete  in  cooling  from 
a  temperature  of  100  to  160°  Fahr.  during  setting,  to  the  normal 
teitiperature  in  the  tunnel  which  in  summer  was  not  much  above  60° 
and  in  the  winter  sometimes  fell  below  32°  Fahr.  near  a  shaft. 
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The  frequency  of  the  intermediate  cracks  in  the  lining  was  affected 
by  the  time  of  year  the  concrete  was  pk^ced.  In  the  City  Tunnel,  for 
example,  it  was  found  that  there  were  more  cracks  in  the  concrete 
placed  during  the  warm  summer  months  than  in  that  placed  during 
the  winter.  The  richness  of  the  concrete  also  may  have  influenced 
the  cracking.  There  was  some  inward  leakage  through  the  inter- 
mediate cracks  in  the  lining  after  the  grouting  in  the  tunnel  was 
completed  and  the  ground-water  pressure-  had  accumulated.  Most  of 
these  leaks,  however,  silted  up  after  some  interval. 

There  were  only  two  cases  where  the  lining  cracked  during  the 
high-pressure  grouting.  In  the  Moodna  Tunnel,  several  breaks 
developed  in  one  stretch  in  the  side-wall  concrete,  the  cracks  extending 
in  places  into  the  invert  concrete.  Examination  showed  that  the 
breaks  in  this  stretch  resulted  from  defective  work  in  connection  with 
the  placing  of  the  concrete  lining,  the  defects  being  due  ]:)rincipally  to 
inadequate  measures  for  taking  care  of  the  inflowing  water  which 
accumulated  behind  the  forms,  resulting  in  the  formation  of  laitance 
and  weakening  of  the  concrete.  In  grouting  the  Hudson  Tunnel, 
several  cracks  developed  in  the  lining  under  a  grouting  pressure  of 
600  lb.  per  sq.  in.  On  cutting  out  the  concrete  at  one  of  the  cracks, 
where  a  large  drip-pan  had  been  used,  it  was  found  that  a  soft  deposit 
had  formed  between  the  pan  and  the  rock,  so  that  it  had  been  impos- 
sible to  fill  this  space  effectively  with  grout. 

Leakage  Through  Construction  Joints. — In  wet  stretches  some 
difficulty  was  experienced  in  cutting  off  the  leakage  of  water  into  the 
tim'nel  through  the  transverse  joints  in  the  arch.  These  joints  opened 
up,  due  to  the  contraction  of  the  concrete  caused  by  the  drop  in  tem- 
perature from  the  time  of  setting  to  the  time  of  grouting.  Holes 
drilled  into  the  joints  through  the  concrete  and  grouted  proved  in- 
effective, as  the  running  water  would  wash  out  the  grout. 

Various  schemes  were  tried  to  make  the  transverse  joints  tight, 
among  which  were  the  following:  Grouting  grooves  were  formed  at  the 
end  of  each  arch  section,  either  by  embedding  a  slit  rubber  hose  in  the 
concrete  or  by  nailing  a  strip  of  sheet  iron  over  a  recess  left  in  it  at 
the  joint.  These  grooves  were  grouted  through  pipes  set  in  the  con- 
crete. The  results  were  not  entirely  successful  in  cutting  off  the 
leakage.  Better  results  were  obtained  by  the  use  of  steel  plates  em- 
bedded in  the  arch  joints,  the  purpose  of  the  plates  being  to  provide  a 


Papers.]      GROUTING   OPERATIOISrS,  CATSKILL  WATER  SUPPLY  33 

water-stop  as  well  as  to  retain  the  grout.  These  schemes  were  used 
only  to  a  very  limited  extent  at  the  beginning  of  the  work,  and,  later, 
were  abandoned. 

Very  good  results  were  obtained  in  closing  wet  transverse  joints  by 
hand-caulking  them.  Grooves  about  IJ  in.  deep  were  cut  along  the 
joint  and  :|-in.  lead  wire  was  hammered  in.  This  method  proved  quite 
effective  in  making  the  joints  tight. 

The  longitudinal  joints  between  the  invert  and  side-walls  were 
found  to  be  tight.  At  the  joint  between  the  side-walls  and  the  arch 
some  leakage  occurred  in  the  wet  places.  There  was  also  some  inward 
leakage  in  places  at  the  longitudinal  joints  in  the  arch.  The  greater 
part  of  this  leakage  was  due  to  porous  concrete  in  the  vicinity  of  the 
joint,  where  a  relatively  dry  concrete  had  to  be  used,  and  part  may 
have  been  the  result  of  a  slight  opening  of  the  joints  due  to  the  lateral 
contraction  of  the  concrete. 

Inspection  of  Grout  in  Place. — In  order  to  see  how  effective  the 
grout  was  in  filling  void  spaces  back  of  the  concrete  lining,  test  holes 
were  cut  in  the  arch  concrete  in  several  places  in  the  pressure  tunnels. 
Blocks  of  concrete  about  1  ft.  square  were  cut  out  in  the  arch,  exposing 
the  rock  in  the  roof.  It  was  found  that  the  space  between  the  top  of 
the  arch  concrete  and  the  rock  was  well  filled  with  grovit,  and  tests 
showed  the  grout  filling  to  be  dense  and  hard.  As  a  somewhat  dry 
consistency  is  used  for  the  concrete  in  the  top  of  the  arch,  this  con- 
crete when  placed  is  likely  to  be  porous  in  places;  in  the  concrete  cut 
out  of  the  test  holes,  the  grout  was  found  to  fill  the  voids  in  this 
concrete,  and  the  entire  block  was  a  dense  and  uniform  mass  that  was 
in  solid  contact  with  the  rock.  Test  holes  were  also  cut  from  the 
lining  in  the  Eondout  Pressure  Tunnel  where  grout  was  used  to  fill 
the  shrinkage  space  at  the  top  of  the  concrete  lining  placed  inside  of 
a  steel  reinforcing  shell.  Here,  also,  excellent  filling  was  found 
between  the  concrete  and  the  steel. 

Several  opportunities  were  also  afforded  to  observe  the  results  of 
the  grouting  during  the  progress  of  the  work.  I*ii  grouting  the  wet 
seam  in  the  Hudson  Eiver  Tunnel  near  the  East  Shaft,  already  referred 
to,  the  seam,  as  stated,  was  found  to  be  well  filled  with  grout  when 
exposed  by  the  excavation.  In  sinking  the  wet  shaft,  known  as 
Shaft  4,  at  the  Eondout  Pressure  Tunnel,  grouting  was  resorted  to, 
as"  the  shaft  was  deepened  to  cut  off  the  inward  leakage,  and  the  sub- 
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sequent  excavation  through  the  grouted  zone  showed  the  seams  in  the 
rock  well  filled  with  grout.  The  grouting  in  this  shaft  is  described 
subsequently  in  more  detail. 

In  Shafts  22  and  24  of  the  City  Tunnel,  where  the  wet  portions 
were  grouted  as  the  shafts  were  sunk,  subsequent  excavation  showed 
that  all  but  the  very  fine  seams  were  completely  filkd  with  grout. 

Reduction  of  Inward  Leal'age  After  Grouting. — An  idea  of  the 
effectiveness  of  the  concrete  lining  and  the  grouting  in  cutting  off 
leakage  into  the  pressure  tunnels  is  given  by  the  data  in  Table  2. 

TABLE  2. — Leakage  into  Pressure   Tunnels. 


Pressure  Tunnel. 

Length, 
in  feet. 

Leakagk  into  Tunnel. 
IX  Gallons  per  Minute. 

Before 
grouting. 

After 
grouting. 

350 
23  610 

23  390 

24  100 

90 
93  810 

850 
290 
506 
496 
385 
973 

3 

Rondout  (exclusive  of  above  wet  stretch) 

49 

Wallkill 

75 

Moodn  a    

85 

City,  w»^t  stretch  near  Shaft  23 

8 

127 

Hydrostatic  Tests  of  Pressure  Tunnels. — After  the  pressure  tunnels 
and  shafts  were  completed,  they  were  filled  with  water  in  order  to  test 
their  tightness.  The  tests  in  some  cases  were  unusually  severe,  as  the 
full  ground-water  head  had  not  been  restored  at  the  time  the  test  was 
made.  At  the  Rondout  Pressure  Tunnel,  the  maximum  unbalanced 
head  at  the  beginning  of  the  first  hydrostatic  test  was  approximately 
500  ft.  After  the  tests,  the  tunnels  were  unwatered  for  inspection 
and  repairs,  and  the  results  were  found  to  be  very  satisfactory,  the 
tunnels  proving  remarkably  tight. 

Only  in  four  places,  in  the  35  miles  of  pressure  tunnel,  aggregating 
in  length  about  2  500  ft.,  did  any  weakness  develop,  due  to  the  yielding 
of  the  surrounding  rock,  causing  rupture  of  the  lining  and  outward 
leakage  and  making  subsequent  repairs  necessary.  In  these  cases,  it 
would  have  been  inlpossible  to  reveal  fully  in  advance  the  geological 
conditions,  particularly  where  the  rock  appeared  to  be  sound  when  the 
tunnel  was  excavated,  and  it  is  believed  that  no  amount  of  grouting 
prior  to  the  application  of  the  test  pressure  would  have  been  adequate 
to  consolidate  the  ground  sufficiently  to  prevent  the  yielding  of  the 
rock.     The   cost   of   testing   the   tunnels    and    making   the   necessary 
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repairs  was  very  much  less  than  it  would  have  been  to  make  the 
tunnels  absolutely  secure  by  the  use  of  steel  reinforcement  in  the 
concrete  lining  for  their  entire  length. 

Equipment  for  Grouting. 

Air-Stirring  Grout  Tanks. — Tank  grouting  machines  of  the  Canniff 
type  were  used  almost  exclusively  for  grouting.  These  machines  are 
very  simple  in  construction  and  operation,  consisting  essentially  of  a 
tight  cylinder  provided  with  suitable  pipe  connections  for  introducing 
compressed  air  and  for  mixing  and  ejecting  the  grout.  The  tanks  are 
very  compact,  weigh  about  500  lb.  when  empty,  and  have  no  moving 
parts  to  wear  out  and  be  replaced.  They  are,  therefore,  particularly 
well  suited  for  tunnel  work.  Both  thick  and  thin  mixtures  can  be 
used  in  them,  and  they  are  equally  well  adapted  for  high  and  low- 
pressure  work.  They  are  very  efficient  where  large  quantities  of  grout 
have  to  be  placed. 

A  slight  disadvantage  of  the  Canniff  tank  is  found  when  grouting 
fine  seams  under  high  pressure,  or  placing  small  quantities  of  1 :1 
grout.  As  the  process  is  necessarily  slow  there  is  a  tendency  for  the 
cement,  but  more  particularly  the  sand,  to  settle  in  the  bottom  of  the 
tank  and  clog  the  openings.  The  use  of  very  thin  grout  usually  over- 
comes the  difficulty. 

As  a  rule,  two  grouting  tanks  were  operated  simultaneously  in 
grouting  the  tunnel,  one  being  charged  while  the  other  was  discharging. 
For  high  pressure  work,  however,  it  was  the  usual  practice  to  use  only 
one  tank.  The  two  tanks  were  mounted  either  alone  on  a  low  flat  car, 
or  at  one  end  of  a  platform  car  which  was  large"  enough  to  hold,  in 
addition,  from  20  to  30  bags  of  sand  and  cement.  In  some  cases,  an 
upper  platform  was  also  provided  for  materials.  The  materials  were 
hauled  through  the  tunnel  by  mules  or  motor  trucks.  The  water  for 
mixing  was  measured  either  by  pails,  or  automatically  by  a  tank  placed 
at  the  side  or  above  the  grout  tanks.  High-pressure  armored  hose 
about  25  ft.  long  was  used  for  grouting  purposes.  The  plant  used 
for  grouting  on  the  work  at  the  lower  end  of  the  City  Tunnel  is 
shown  in  Fig.  6. 

Operation  of  Grout  Tanks. — The  usual  method  of  operation  during 
low-pressure  grouting,  was  first  to  put  into  the  tank  the  required 
quantity  of  water,  then  to  let  the  air  into  the  tank  at  the  bottom. 
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which  agitated  the  water,  and  then  the  cement  and  sand  were  put  into 
the  tank  and  stirred  by  hand  with  a  wooden  paddle,  as  it  was  found 
that  the  air  was  too  slow  for  mixing  and  was  also  wasteful.  When 
thoroughly  mixed,  the  door  at  the  top  of  the  tank  was  closed,  the  air 
was  then  admitted  at  the  top,  and  the  liquid  grout  forced  out  through 
the  grout  hose  into  the  pipe  connected  to.  The  air  was  then  turned 
off  quickly. 

Unless  care  is  taken  to  close  the  air  discharge  valve  the  instant  the 
last  of  the  grout  leaves  the  tank,  an  after-blast  of  air  follows  the 
grout,  resulting  in  stirring  it  up  and  causing  separation  of  the  ma- 
terials, and  also  tending  to  form  air  pockets  in  the  space  grouted.  The 
men  operating  the  tanks,  however,  soon  became  skilled  in  controlling 
the  discharge.  As  an  added  precaution,  the  air-pressure  gauge  on  the 
grout  tank  was  watched  closely  to  note  the  fall  of  pressure  as  the  grout 
discharged,  and  the  emptying  of  the  tank  was  also  indicated  by  the 
"kick"  of  the  grout  hose  when  the  charge  left  it. 

In  some  cases  the  following  scheme  was  tried.  The  air  valve  was 
closed  as  the  batch  of  grout  started  to  leave  the  tank,  permitting  the  air 
in  the  tank  to  expand  and  force  the  grout  through  the  hose.  This 
method,  however,  was  slow  and  was  not  generally  used.  Where  the 
grout  displaced  water,  the  ejection  of  the  grout  by  expanding  the  air 
in  the  tank  was  quite  effective  in  cutting  down  the  after-blast  of  air. 
The  tanks  could  be  operated  very  rapidly.  As  much  as  1  500  batches  of 
1 :  1  grout,  equivalent  to  about  115  cu.  yd.,  were  placed  in  24  hours, 
using  two  tanks.  This  process  involved  the  handling  of  about  135  tons 
of  cement  and  sand  in  the  24  hours. 

High-Pressure  'Air  Compressors. — The  air  for  operating  the  grout 
tanks  was  obtained  by  connecting  to  the  air  line  laid  in  the  tunnel, 
the  air  pressure  in  the  line  being  usually  from  80  to  100  lb.  In  order 
to  provide  the  pressures  required  for  high-pressure  grouting,  small 
Westinghouse  direct-acting  single-stage  air  compressors,  known  as 
"boosters",  were  generally  used.  These  compressors,  mounted  on  the 
same  car  with  the  grout  tanks,  took  si;ction  from  the  main  air  line  and 
delivered  air  in  the  tanks  at  a  pressure  of  300  lb.  per  sq.  in.  The 
compressors  weigh  about  500  lb.  They  are  provided  with  air  gauges 
registering  up  to  450  lb.  per  sq.  in.  A  spring  relief  valve,  capable  of 
'  being  set  at  any  pressure  up  to  400  lb.,  is  placed  on  the  main  discharge. 
Each  branch  of  the  2-way  discharge  is  supplied  with  a  stop  valve,  a 
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check  valve  and  air  emergency  stop  valve,  so  that  it  may  be  closed 
automatically  by  a  sudden  release  of  pressure  due  to  the  bursting  of 
hose  or  any  other  reason. 

Independent  Air-Generating  Plant  in  Tunnel. — The  grouting  in 
the  tunnel  necessitated  the  maintenance  and  operation  of  the  large 
compressor  plant  used  for  tunnel  driving  and  the  re-laying  of  the  air 
pipe  line  in  the  tunnel,  which  had  been  taken  up  during  the  placing 
of  the  lining.  .  In  order  to  avoid  the  use  of  the  expensive  main  air 
plant  some  of  the  contractors  used  small  independent  portable  com- 
pressors in  the  tunnel,  driven  by  gasoline  or  electricity,  and  mounted 
on  cars  traveling  along  with  tlie  other  equipment.  These  compressors 
were  used  both  for  the  low  and  high-pressure  grouting. 

On  the  work  in  the  northern  portion  of  the  City  Tunnel,  low- 
pressure  grouting  was  carried  on  with  three  rigs,  each  consisting  of 
the  following  equipment :  One  30-h.  p.  electric  motor ;  one  Ingersoll- 
Kand  2-stage,  belt-driven  air  compressor,  capable  of  delivering  170 
cu.  ft.  of  free  air  per  min.  at  100  lb.  pressure  and  130  cu.  ft.  at  350  lb. ; 
one  geared  pump,  with  a  capacity  of  50  gal.  per  min.  driven  by  a  T^-h.  p. 
electric  motor;  two  grout  tanks,  two  water  tanks,  a  platform  car  for 
making  connections  to  the  grout  pipes,  and  a  platform  mounted  on 
two  flat  cars  for  the  cement  and  sand.  For  high-pressure  grouting 
the  same  rig  was  used,  the  compressor  being  adjusted  to  deliver  air 
at  300  lb.  per  sq.  in. 

Grouting  hy  Air  and  Water  Pump. — In  the  Hudson  Tunnel,  where 
it  was  necessary  to  use  grouting  pressures  of  TOO  lb.  per  sq.  in.,  a  com- 
bination of  air  and  water-pressure  pump  was  devised.  A  Canniff  tank 
was  partly  filled  with  grout  which  was  placed  under  a  pressure  of 
about  300  lb.  by  a  Westinghouse  booster  connected  as  usvial  with  the 
tank.  Water  was  then  pumped  into  the  tank  through  another  con- 
nection by  a  high-pressure  Cameron  pump,  reducing  the  volume  of  air 
above  the  grout  so  as  to  raise  the  pressure  to  700  lb.  per  sq.  in.,  if 
desired.  The  discharge  valve  of  the  tank  was  then  opened,  and  the 
})ump  was  kept  going  in  order  to  maintain  the  pressure  while  the  grout 
flowed  slowly  into  the  space  back  of  the  lining.  This  arrangement 
worked  very  successfully.  The  advantage  of  a  pump  with  a  steady 
flow  lies  in  the  fact  that  there  is  no  after-blast  of  air  forced  through 
the  grout. 
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Paddle  Mixing  Machines. — In  a  few  cases,  paddle  mixing  machines 
which  mix  the  grout  mechanically  instead  of  by  air,  were  used.  The 
results  obtained  by  these  machines  are  good  when  they  are  new,  but 
the  moving  parts  and  the  stuffing  boxes  soon  give  trouble  on  account 
of  wear.  The  bad  feature  of  both  the  air-stirring  grout  tanks  and  the 
paddle  mixing  machines  is  the  blast  of  air  which  follows  the  discharge 
of  grout.  As  already  noted,  it  is  very  important  to  control  the  dis- 
charge of  air  in  grouting  in  order  to  secure  good  results. 

Grouting  Pads. — The  specifications  called  for  the  use  of  grouting 
pads  for  forcing  grout  into  any  porous  concrete  in  the  lining.  These 
pads  consisted  of  a  steel  casting  measuring  about  1  ft.  by  2  ft.  3  in., 
containing  a  rubber  gasket,  and  mounted  at  the  end  of  a  5-in.  extra 
heavy  wrought-iron  pipe.  In  using  the  grout  pad,  it  was  jacked 
against  the  porous  spot  in  the  lining  by  screw-jacks  at  the  other  end 
of  the  column,  and  the  grout  was  then  forced  into  the  pad  to  im- 
pregnate the  concrete.  These  pads  were  not  successful,  as  they  were 
clumsy  to  handle,  the  area  covered  by  the  pad  was  too  small  for 
effective  work,  and  the  gaskets  would  blow  out.  After  a  few  attempts, 
their  use  was  given  up. 

Only  a  few  porous  spots  occurred  in  the  concrete  lining  through 
which  grout  leaked  during  low-pressure  grouting,  and  it  was  found 
that  the  most  effective  method  of  treatment  was  to  wedge  a  board 
faced  with  oakum  against  the  porous  spot.  The  flow  of  grout  soon 
stopped  and  the  opening  closed  up. 

Special  Grouting  in  Pressure  Tunnels. 

Grouiing  Wet  Stretch,  Rondout  Tunnel. — This  pressure  tunnel, 
4.4  miles  long,  was  construced  from  eight  shafts,  varying  in  depth 
from  370  to  708  ft.  The  shafts  and  tunnel  penetrated  eight  distinct 
formations,  including  shales,  limestones,  and  quartz  conglomerate. 
Several  stretches  of  faulted  zones  and  crushed  rock  were  encountered 
in  the  excavation.  Some  strata  were  dry;  others  were  very  porous 
and  water-bearing. 

As  already  described,  the  tunnel  north  of  Shaft  4  was  driven  on  a 
15%  grade  through  a  badly  faulted  and  folded  stretch  in  High  Falls 
shale  and  Binnewater  sandstone.  The  rock  was  porous  and  water- 
bearing, the  inflow  in  a  stretch  of  350  ft.  being  approximately  2  000 
gal.  per  min.  at  the  time  the  tunnel  was  driveli.     The  flow  gradually 
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diminished  until  it  was  somewhat  less  than  1  000  gal.  per  min.  at  the 
time  the  lining  was  placed.  The  tunnel  at  this  location  is  about  450  ft. 
below  the  surface  of  the  ground.  An  attempt  to  shut  off  the  inflowing 
water  by  grouting  at  the  time  of  driving  has  been  described. 

It  would  have  been  difficult  to  take  care  of  the  water  by  means  of 
drip-pans  during  the  placing  of  the  lining,  as  it  poured  into  the 
tunnel  over  large  areas.  The  plan  adopted  to  protect  the  concrete 
during  placing  was  to  enlarge  the  excavation  through  the  wet  stretch 
in  order  to  permit  the  erection  of  a  light  steel  shell  (see  Fig.  5),  inside 
of  which  a  concrete  lining,  24  in.  thick,  was  placed.  The  shell  was 
175  ft.  long,  and  consisted  of  circular  ribs  of  7-in.,  I-beams  set  5  ft. 
center  to  center  along  the  tunnel,  with  T\"in.  plates  bolted  to  the  outside 
of  the  ribs.  The  space  between  the  shell  and  the  rock,  which  averaged 
about  20  in.,  was  packed  solid  with  broken  stone  and  subsequently 
grouted. 

Most  of  the  water  entering  the  tunnel  in  this  stretch  was  intercepted 
by  6-in.  lateral  pipes  draining  into  an  8-in.,  spiral-riveted  drain  laid 
longitudinally  along  the  bottom  of  the  tunnel.  This  drain  discharged 
through  an  8-in.  valve  into- a  sump  at  the  foot  of  the  wet  stretch. 
Water  was  also  collected  through  holes  drilled  into  the  rock  seams  to 
depths  of  from  3  to  4  ft.,  into  which  2-in.  deep-seated  pipes  were  set, 
which  extended  through  the  dry  packing  and  the  steel  shell  and 
drained  into  the  tunnel.  Pipes  were  also  placed  through  holes  in  the 
shell  to  reach  the  dry-packed  space  for  the  purpose  of  grouting  the 
packing  behind  the  shell. 

The  concrete  invert,  which  averaged  about  3  ft.  in  thickness,  was 
laid  first  on  the  floor  of  the  tunnel  over  the  8-in.  drain.  The  invert 
was  placed  in  short  stretches,  25  and  40  ft.  in  length,  with  tight  wooden 
bulkheads  and  forms.  Any  leakage  in  the  bottom  was  taken  care  of 
by  pans  and  broken  stone  drains  covered  with  cement  bags.  The  placing 
of  the  invert  was  very  difficult  on  account  of  the  heavy  flow  of  water 
from  the  bottom  and  sides  of  the  tunnel.  After  the  invert  was  placed, 
the  steel  shell  was  erected  and  the  space  between  the  shell  and  the  rock 
was  dry-packed  at  the  same  time.  The  lining  was  then  placed  inside 
the  shell  without  any  trouble. 

Preliminary  to  grouting  this  stretch,  tight  brick  cut-off  walls  were 
built  between  the  shell  and  the  roof  at  each  end  of  the  shell.  When 
grouting  was  started,  the  valve  at  the  lower  end  of  the  8-in.  drain  was 
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closed  and  the  valves  of  all  the  pipes  leading  into  the  dry  packing  vi^ere 
also  closed.  The  dry-packed  space  was  quickly  filled,  forming  a  pond 
of  still  water,  into  which  neat  cement  grout  was  injected.  Experi- 
ments previously  made  showed  that  the  materials  in  sand  grout  might 
separate  if  forced  in  under  water.  The  deep-seated  pipes  and  a  few 
pipes  at  the  top  of  the  shell  were  left  open  to  prevent  accumulation  of 
pressure. 

Grouting  of  the  dry  packing  was  begun  at  the  lower  end  of  the  shell. 
A  battery  of  four  Canniff  grout  tanks  was  used,  the  grouting  of  both 
sides  of  the  tunnel  being  carried  on  simultaneously.  The  space  behind 
the  shell  filled  gradually,  the  level  of  the  grout  being  indicated  by 
opening  pipes  at  various  levels.  A  few  of  the  deep-seated  pipes  flowed 
grout  during  this  operation.  They  were  closed,  but  were  re-opened  about 
24  hours  later  and  redded  out,  after  which  they  again  flowed  clear  water, 
but  in  a  somewhat  diminished  volume.  In  the  whole  section  the  inward 
leakage  was  reduced  from  850  to  540  gal.  per  min.  after  grouting  the 
dry  packing,  showing  that  the  seams  had  been  partly  closed.  The  grout 
was  injected  into  the  dry-packed  space,  generally  under  low  pressure, 
without  causing  undue  agitation.  The  flnal  grouting  was  done  under 
a  pressure  of  90  lb.  per  sq.  in.  at  the  top  of  the  shell.  A  total  of  7  700 
batches  of  neat  grout  (1.2  cu.  ft.  per  batch)  was  forced  into  the  dry 
packing,  requiring  ten  shifts. 

After  the  grout  had  set  a  few  days,  the  deep-seated  pipes  through 
which  several  hundred  gallons  of  water  per  minute  issued  into  the  tunnel, 
were  grouted,  beginning  at  the  bottom  of  the  shell  and  working  up. 
During  this  process,  varying  consistencies  of  grout  were  used,  the 
thinnest  being  |  bag  of  cement  (about  24  lb.)  to  30  gal.  of  water.  After 
applying  air  pressure  to  clean  out  a  rock  seam,  the  thinnest  grout  was 
used  first.  If  a  considerable  quantity,  20  to  30  batches,  went  into  the 
rock  under  comparatively  low  pressure  (100  lb.,  or  less),  the  grout  was 
thickened,  48  lb.  to  30  gal.  of  water  being  used.  If  a  considerable 
quantity  of  this  grout  was  injected,  the  mix  was  again  thickened,  this 
process  being  continued  until  the  tank  pressure  necessary  for  injection 
began  to  rise,  when  the  mix  was  thinned  slightly,  and  grouting  con- 
tinued until  the  pipe  refused  under  300  lb.  pressure.  The  pipe  was 
then  drained  out  and  plugged  with  thick  neat  cement  grout  under 
300  lb.  pressure.  The  maximum  number  of  batches  injected  into  a  pipe 
was  533. 
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The  grouting  reduced  the  leakage  on  the  incline  from  850  to  3  gal. 
per  min.,  and  although  the  level  of  the  water  in  the  rock  reservoir,  as 
indicated  by  gauge  readings,  rose  gradually  after  the  completion  of  the 
grouting  until  the  original  ground-water  level  had  been  restored,  there 
was  no  marked  increase  in  the  quantity  of  water  entering  the  tunnel. 
Test  holes  drilled  through  the  concrete  lining  and  shell  and  into  the 
rock  showed  that  the  rock  surrounding  the  tunnel  was  impregnated 
with  grout  to  a  considerable  depth.  The  success  of  the  grouting  at  this 
location  was  due  to  the  use  of  the  deep-seated  pipes,  and,  more  particu- 
larly, to  the  method  adopted  whereby  the  dry-packed  section  outside 
of  the  lining  and  shell  permitted  the  grout  to  come  in  direct  contact 
with  the  surface  of  the  porous  rock. 

Grouting  Large  Mud  Seams,  Bondout  Tunnel. — In  driving  the 
tunnel  through  the  Helderberg  limestone  south  of  Shaft  3,  Rondout 
Tunnel,  a  crushed  and  faulted  zone  containing  a  number  of  large 
solution  cavities  filled  with  residual  clay  was  encountered.  The  two 
widest  seams  were  vertical  and  cut  diagonally  across  the  tunnel  at  an 
angle  of  about  45°  to  the  tunnel  axis.  These  two  seams  were  16  and 
25  ft.  wide  on  one  side  of  the  tunnel,  but  much  narrower  on  the  other 
side.  They  were  filled  with  clay  and  disintegrated  rock  and,  while 
excavating  the  tunnel,  were  lagged  with  steel  channels  supported  by 
steel  beams  and  timbering.  The  lining  at  the  seams  was  strengthened 
by  embedding  steel  shells,  ^  in.  thick  and  41  and  59  ft.  in  length,  in 
the  concrete  at  each  seam.  In  addition  to  reinforcing  the  lining,  these 
shells  also  serve  to  prevent  outward  leakage  from  the  tunnel. 

In  this  stretch,  a  horizontal  seam  about  3  ft.  thick  also  was 
encountered,  the  bottom  of  the  seam  lying  about  4  ft.  above  the 
finished  waterway.  The  mud  layer  was  removed  and  the  space  above  the 
waterway,  about  7  ft.  high,  was  subsequently  filled  with  concrete. 
Above  the  horizontal  mud  seam  was  an  opening  in  which  were  three 
rows  of  narrow  vertical  pockets,  extending  diagonally  across  the  tunnel. 
These  pockets  were  from  2  to  6  ft.  wide  and  ran  from  a  few  feet  to  30 
ft.  above  the  roof  of  the  tunnel.  Concrete  was  placed  up  to  the  top  of 
the  general  roof  excavation  and  the  space  above,  including  the  narrow 
pockets,  was  filled  with  grout  through  pipes  set  in  the  concrete.  A  total 
of  approximately  9  000  batches  of  1 :1  grout  was  placed  in  this  stretch, 
requiring  13  days  of  three  shifts  each. 
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Rupture  of  Lining  and  Repair  Worh,  Rondout  Tunnel. — On  the 
completion  of  the  tunnel  and  shafts,  they  were  filled  with  water  for  a 
hydrostatic  test.  Excessive  leakage  developed  in  the  Rondout  Tunnel 
and,  after  unwatering  it,  an  examination  showed  that  the  lining  was 
cracked  in  three  stretches  aggregating  in  length  about  700  ft.  Th<3 
upper  half  of  the  tunnel  section  appeared  to  be  lifted  from  the  lower 
portion,  water  issuing  in  large  quantities  through  the  joint  at  the 
springing  line  and  through  other  diagonal  cracks  in  the  lining. 

To  determine  whether  the  lining  had  ruptured  on  account  of  unfilled 
places  over  the  top  of  the  arch,  a  test  hole  was  cut,  and  several  holes 
were  drilled  through  the  concrete  to  the  rock  in  the  roof.  The  space 
was  found  to  be  completely  filled  with  grout,  which  was  intact  and  in 
close  contact  with  the  rock.  The  rupture  of  the  lining  was  due 
to  the  movement  of  the  rock  outside  of  the  tunnel  resulting  from 
the  application  of  hydrostatic  pressure. 

The  tunnel  was  reinforced  through  the  ruptured  stretches  by  steel 
lining  built  up  of  rings  of  circular  segments  of  15-in.  55-lb.  channels. 
A  2-in.  annular  space  was  left  between  the  steel  and  the  existing 
concrete  lining.  Preparatory  to  placing  the  steel,  the  cracks  through 
which  water  issued  were  caulked  with  lead,  thereby  forcing  the  water 
into  pipes  drilled  through  the  lining  into  the  rock  seams. 

The  space  between  the  steel  shell  and  the  old  concrete  lining  was 
first  grouted.  Every  twelfth  ring  of  steel  had  eight  holes  placed  equally 
around  the  circumference,  tapped  and  plugged  for  grouting.  A  1 :1 
grout  was  used  under  a  pressure  of  30  lb.  per  sq.  in.  After  this  grout 
had  set  for  one  week,  the  deep-seated  pipes  leading  to  the  wet  seams 
were  grouted.  Very  thin  grout,  i  bag  to  35  gal.  of  water,  was  forced  in 
until  the  hole  refused  at  300  lb.  pressure.  The  thin  grout  was  theii 
drained  out  of  the  pipe,  which  was  sealed  with  a  thick  batch.  A  total  of 
743  bags  of  cement  was  injected  through  89  pipes.  The  leakage  in 
this  section  before  repairs  were  started  amounted  to  about  400  gal.  per 
min.  After  all  the  concrete  was  placed  and  all  the  grouting  was  finally 
completed,  it  was  reduced  to  2  gal.  per  min. 

To  protect  the  steel  shell  against  rusting,  and  to  provide  a  smooth 
waterway,  a  concrete  lining,  averaging  6  in.  in  thickness,  was  placed 
ijiside  the  steel  shell.  To  fill  the  space  above  the  arch,  a  grout  and  a 
vent  pipe  were  placed  in  each  pocket  formed  by  the  projecting  flanges 
of  the  channels.     A  thick  1 :  1  mixture  was  used  for  the  grouting,  the 
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Fig.   7. — Broken  Tunnel  Lining,  Rondout  Pressure  Tunnel.     Cracks  Due  to 
Yielding  of  Rock.     Leakage  Reduced  from  400  to  2  Gal.  per  Min.  by  Grouting, 


Fig.   8. — Steel   Interlining   Through   Decomposed   Rock,    City   Tunnel, 
Under  106th  Street.     Space  Back  of  Lining  Consolidated  by  Grouting. 
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grout  being  placed  by  a  Douglas  hand  pump.  After  this  grout  had 
set,  and  the  surplus  water  was  allowed  to  drain  ofF,  a  second  grouting 
was  done  with  neat  cement,  completely  filling  the  space  between  the 
lining  and  the  steel  shell. 

Wallkill  Pressure  Tunnel. — This  tunnel  crosses  the  Wallkill  Valley 
for  a  distance  of  44  miles,  at  an  average  depth  below  the  ground  sur- 
face of  350  to  450  ft.  The  rock  penetrated  was  the  Hudson  Eiver 
shale  formation,  and  was  generally  sound  and  dry.  For  the  greater 
length,  the  rock  was  a  rather  fine-grained  shale  with  some  beds  of  hard 
sandstone;  for  about  a  mile  at  the  south  end  of  the  tunnel,  it  was 
mainly  sandstone  in  very  heavy  beds.  The  dip  of  the  rock  for  the 
greater  length  of  the  tunnel  averaged  about  45°,  striking  at  an  angle 
of  about  30°  with  the  tunnel  line.  At  the  north  end,  the  bedding  was 
vertical  and  at  right  angles  with  the  tunnel  axis;  while  for  a  con- 
siderable distance  at  the  south  end  the  beds  were  horizontal,  causing 
high  breakage  above  the  roof. 

The  inward  leakage  when  the  tunnel  was  driven  amounted  to 
approximately  500  gal.  per  min,  in  the  tunnel  and  180  gal.  per  min. 
from  the  shafts.  Although  no  great  concentrated  flows  of  water 
were  met,  certain  stretches  were  water-bearing  over  large  areas  and 
the  rock  was  extensively  covered  by  pans  to  catch  the  water.  Eight 
stretches  of  1  000  ft.  in  length  yielded  an  inward  flow  of  more  than 
20  gal.  per  min.  before  grouting.  The  maximum  inward  leakage  of 
ground-water  was  90  gal.  per  min.  for  1  000  ft.  of  tunnel. 

In  many  places  the  water  entered  in  fine  sheets  under  head  between 
the  layers  of  shale.  It  was  found  to  be  practically  impossible  to  force 
any  quantity  of  grout  into  this  rock  on  account  of  the  fine  openings 
between  the  thin  layers.  The  wet  areas  were  covered  by  drip-pans 
and  grouted  under  high  pressure  with  neat  cement  grout  by  filling 
the  pans  solidly  full,  sealing  the  fine  openings,  and  effectively  cutting 
off'  the  water. 

An  interesting  movement  of  the  flow  of  water  in  the  rock  during 
grouting  occurred  between  Shafts  1  and  2.  The  total  leakage  in  this 
stretch  just  prior  to  starting  grouting  was  125  gal.  per  min.  There 
vas  little  diminution  in  the  leakage  after  the  low-pressure  grouting, 
and  it  was  not  until  the  high-pressure  grouting  plant  had  traveled  a 
distance  of  about  3  000  ft.  south  from  Shaft  1  to  within  about  2  000 
ft.  of  Shaft  2,  that  any  marked  change  in  the  inflow  occurred.     In 
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two  days  of  grouting,  the  leakage  in  this  stretch  dropped  to  70  gal. 
per  min. 

Evidently,  the  water  in  a  length  of  3  000  ft.  of  tunnel,  south  of 
Shaft  1,  was  forced  ahead  during  the  high-pressure  grouting,  finding 
an  outlet  through  grout  pipes  in  the  arch  south  of  the  grouting  ma^ 
chine.  There  was  a  soft  seam  or  plane  of  movement  above  the  roof 
cf  the  tunnel  in  this  stretch,  running  nearly  parallel  with  the  tunnel, 
and  apparently  the  water  was  forced  through  this  seam  during  the 
grouting.  On  the  completion  of  the  grouting,  the  leakage  in  this 
stretch  was  reduced  to  22  gal.  per  min. 

Moodna  Pressure  Tunnel. — This  tunnel  is  4.8  miles  long,  and  from 
300  to  400  ft.  below  the  surface  of  the  ground,  the  maximum  depth 
below  the  hydraulic  gradient  being  about  600  ft.  The  tunnel  pene- 
trated Hudson  River  shale  for  about  60%  of  the  distance  and  granitic 
gneiss  for  the  remainder  of  the  length.  The  shale  was  generally  soft, 
although  there  were  many  layers  of  hard  sandstone;  the  rock  was 
much  disturbed  and  without  uniformity  of  attitude.  The  gneiss  was 
bard  and  sound,  but  intersected  in  every  direction  by  joint  planes 
as  a  result  of  the  disturbance  due  to  a  great  overthrust  fault  which 
extends  for  many  miles  along  the  contact  between  the  gneiss  and  the 
Hudson  River  shale  formations. 

The  inward  leakage  for  the  entire  tunnel,  including  the  shafts, 
was  640  gal.  per  min.  when  the  excavation  was  completed.  The  shale 
was  wetter  than  the  gneiss,  but  there  were  no  large  concentrated  flows 
anywhere.  Very  few  holes  were  drilled  for  deep-seated  pipes,  as  prac- 
tically no  well  defined  water-bearing  seams  were  encountered.  In  the 
shnle,  a  drip-pan  was  placed  about  every  7  or  8  ft.  of  tunnel. 

The  rock  throughout  was  generally  firm  and  only  3%  of  the  length 
of  the  tunnel  required  roof  support.  Although  several  zones  of  ex- 
tensive rock  movement  were  penetrated,  there  were  no  large  open- 
ings or  excessive  inflows  at  these  places,  and  special  treatment  was 
required  in  only  one  case,  where  badly  crushed  and  unstable  ground 
was  encountered  beneath  the  surface  valley  known  as  Pagenstecher 
Gorge. 

In  this  stretch,  a  flow  of  about  100  gal.  per  min.  was  struck  when 
the  heading  was  first  excavated.  The  water  issued  from  a  crevice  6 
in.  wide,  marking  a  plane  of  movement  and  solution  in  the  gneiss. 
The    adjacent    rock   was   crushed    and   disintegrated,    and   required    a 
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steel  roof  support  for  a  distance  of  55  ft.  along  the  tunnel.  Following 
the  first  rush  of  water  from  the  crevice,  the  leakage  gradually  dimin- 
ished, as  the  underground  storage  was  exhausted,  until  it  was  less 
than  10  gal.  per  min. 

The  rock  broke  very  high  and  wide  at  this  place,  and,  in  making 
arrangements  for  grouting,  long  grout  pipes  were  set  to  reach  the  top 
and  sides  of  the  cavity.  The  longest  pipe  extended  20  ft.  above  the 
roof  of  the  tunnel.  The  dry  packing  between  the  steel  support  and 
the  rock  was  first  grouted,  the  operation  being  continued  until  the 
water-bearing  crevice  was  filled.  After  the  grout  had  settled  and  set, 
the  long  pipes  were  opened  up  and  drained,  and  any  remaining  spaces 
were  filled  with  grout  under  a  pressure  of  300  lb.  per  sq.  in. 

Repair  Work  in  Moodna  Pressure  Tunnel. — The  Moodna  Tunnel 
connects  at  the  south  end  with  the  tunnel  under  the  Hudson  River  by 
a  shaft  on  the  west  bank.  Although  the  rock  in  Moodna  Tunnel  ad- 
jacent to  the  West  Shaft  was  dense  and  solid  when  excavated,  the 
application  of  hydrostatic  pressure,  when  the  tunnel  was  tested,  caused 
a  movement  along  the  joint  planes,  with  rupture  of  the  concrete  lining 
both  in  the  West  Shaft  and  in  a  stretch  of  Moodna  Tunnel  adjacent 
to  the  shaft.  As  the  joint  planes  in  the  rock  were  closed  and  tight 
before  the  test  pressure  was  applied,  it  would  have  been'  impossible 
to  prevent  the  yielding  of  the  rock  by  grouting,  no  matter  how 
thorough  and  extensive,  prior  to  the  hydrostatic  test.  The  cracks  in 
the  lining  through  which  considerable  water  issued  were  subsequently 
caulked,  and  the  rock  was  grouted.  Later,  it  was  decided,  on  account 
of  the  geological  conditions  which  the  test  had  revealed,  to  abandon 
900  ft.  of  the  tunnel  adjacent  to  the  West  Shaft,  and  a  new  tunnel 
was  driven  400  ft.  below  the  old  one.  No  further  trouble  was  ex- 
perienced at  this  location. 

Hudson  Pressure  Tunnel. — This  tunnel,  placed  1 100  ft.  below  the 
river  surface,  penetrated  sound  Storm  King  granite  throughout  its 
entire  length  of  3  100  ft.  Numerous  black  diabase  dikes  were  found 
along  the  joint  planes.  The  granite  has  shared  with  the  entire  High- 
land area  in  folding  and  faulting  movements  which  broke  up  the 
rock  into  blocks  separated  by  joint  planes.  In  excavating  the  tunnel, 
some  water  from  the  river  entered  throiigh  this  system  of  joints. 

The  grouting  of  a  wet  seam  near  the  East  Shaft  in  driving  the 
tunnel  has  been  described.     Contrary  to  expectations,  the  leakage  of 
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water  into  the  tunnel  was  not  excessive,  and  was  taken  care  of  in 
the  usual  manner  by  the  use  of  drip-pans  and  deep-seated  pipes.  The 
total  inward  leakage  after  the  completion  of  the  concrete  lining  and 
prior  to  grouting  was  160  gal.  per  min,,  the  greater  part  occurring 
near  the  western  portion  of  the  tunnel. 

As  already  described,  some  trouble  was  experienced  in  this  tunnel 
on  account  of  the  cracking  of  the  concrete  lining  in  the  side-walls, 
when  the  high  grouting  pressures,  running  up  to  600  lb.  per  sq.  in., 
were  applied.  After  the  cracks  were  cut  out,  the  lining  was  replaced 
and  again  grouted  under  lower  pressure,  and  no  further  trouble  de- 
veloped. As  noted,  a  soft  deposit  was  found  between  one  of  the 
drip-pans  and  the  rock  at  one  of  the  cracks  which  had  been  cut  out, 
which  probably  prevented  the  filling  of  the  space  with  grout.  Several 
unusually  large  drip-pans  were  used  in  the  wet  stretches,  and  this 
may  have  been  a  factor  in  the  cracking  of  the  lining,  as  the  very 
high  grouting  pressures  were  applied  over  large  areas  where  the 
lining  was  not  very  thick. 

No  attempt  was  made  to  shut  off  all  inflowing  water  in  this  tunnel 
by  grouting,  and  the  pipes  which  flowed  water  were  fitted  with  bronze 
check-valves.  These  valves  prevent  the  accumulation  of  rock-water 
pressure  on  the  lining,  when  the  tunnel  is  empty,  by  permitting  the 
v/ater  to  flow  freely  into  the  tunnel,  and  also,  by  closing  tightly, 
prevent  the  loss  of  water  from  the  tunnel  when  in  service. 

The  high  pressures  necessary  for  grouting  this  tunnel  were  ob- 
tained by  the  use  of  a  high-pressure  pump  which  discharged  the  grout 
in  the  grout  tank  by  pumping  water  into  the  tank.  This  tunnel  proved 
to  be  remarkably  tight  when  tested,  and  the  loss  of  water  when  in 
service  is  very  little. 

Repairs  in  Breakneck  Pressure  Tunnel. — This  tunnel,  780  ft.  long, 
extends  from  the  East  Shaft  of  the  Hudson  Tunnel  to  an  uptake 
shaft  on  the  north  slope  of  Breakneck  Mountain.  It  penetrated  the 
same  granite  formation  as  the  Hudson  Tunnel,  and  the  rock  was 
sound  and  dry.  In  the  portion  adjacent  to  the  East  Shaft,  where 
the  rock  cover  is  comparatively  shallow,  cracks  developed  in  the 
tunnel  lining,  as  well  as  in  the  upper  portion  of  the  East  Shaft,  when 
a  hydrostatic  test  was  made,  due  to  yielding  of  the  rock  along  the 
joint  planes.  The  lining  was  repaired  by  drilling  holes  about  10 
ft.  deep  through  the  concrete  and  into  the  rock,  and  injecting  thin 
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grout  under  pressure.  Most  of  the  holes  took  little  grout,  but  there 
were  a  few  into  which  a  considerable  quantity  was  forced. 

The  grout  was  mixed  in  the  proportions  of  25  lb,  of  cement  to 
20  gal.  of  water,  and,  in  some  cases,  even  thinner.  Water  was  used 
for  washing  out  the  seams  and  frequently  permitted  further  grouting 
after  a  hole  appeared  to  be  plugged.  One  hole,  in  the  vicinity  of  a 
fractured  zone  in  the  rock,  took  5  21Y  batches  of  grout  containing  328 
bbl.  of  cement.  This  hole  was  almost  plugged  several  times,  but  was 
opened  by  flushing  with  water. 

During  grouting,  the  grout  did  not  appear  in  any  of  the  other 
holes  in  the  vicinity  of  the  pipe  grouted,  but  was  evidently  forced 
some  distance  from  the  tunnel.  Only  four  holes  took  more  than  25 
bbl.  of  cement.  A  total  of  556  bbl.  of  cement  was  used  in  grouting 
the  tunnel  and  39  bbl.  in  the  East  Shaft.  The  repairs  were  successful 
in  reducing  the  outward  leakage  to  a  small  quantity. 

City  Pressure  Tunnel. — The  City  Tunnel  forms  the  great  distribu- 
tion main  within  the  city  limits.  It  is  18  miles  long,  and  is  located 
beneath  the  streets  and  parks  of  the  Boroughs  of  The  Bronx  and 
Manhattan,  extending  from  the  Hill  View  Reservoir,  just  north  of 
the  city  line,  to  two  terminal  shafts  in  Brooklyn.  The  tunnel  was 
constructed  from  24  shafts,  varying  in  depth  from  218  to  757  ft. 

The  tunnel  was  placed  everywhere  at  a  depth  of  not  less  than  150 
ft.  below  the  surface  of  sound  rock.  The  rock  is  at  or  near  the  surface 
over  the  greater  part  of  the  line,  and  more  than  half  of  the  length  of 
the  tunnel  is  little  more  than  200  ft.  below  the  surface  of  the  ground. 
In  order  to  secure  the  required  depth  of  sound  rock  cover  over  the 
tunnel  under  the  Harlem  and  East  Rivers,  the  tunnel  was  placed 
330  and  700  ft.,  respectively,  below  the  surface. 

The  formations  penetrated  in  the  City  Tunnel,  namely,  Yonkers 
and  Fordham  gneiss,  Inwood  limestone,  Manhattan  schist  and  Ra- 
venswood  diorite,  are  generally  sound  and  durable  rocks,  but  were 
found  in  many  places  to  be  disturbed  by  folding  and  faulting,  with 
extensive  crushed  zones.  Intrusions  of  pegmatite  were  frequently  met. 
The  underground  waters  circulating  through  channels  formed  by 
mechanical  fracture  and  solution  have  caused  chemical  changes  in 
many  stretches,  with  resulting  alteration  and  weakening  of  the  mineral 
constituents   of   the   rock.      For   the   greater   part   of   its   length,   the 
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tunnel  was  driven  approximately  parallel  with  the  strike  of  the  rock, 
the  dip  being  generally  nearly  vertical. 

With  the  exception  of  two  or  three  stretches,  where  heavy  flows 
of  water  were  encountered,  the  rock  throughout  the  length  of  the 
tunnel  was  generally  dry,  and  seeping  water  was  taken  care  of  by 
the  methods  used  in  the  other  tunnels.  On  account  of  the  location 
of  the  City  Tunnel,  in  the  heart  of  the  city,  unusual  precautions  were 
taken  in  handling  the  water  and  grouting,  in  order  to  reduce,  as  far 
as  practicable,  the  loss  of  water  out  of  the  tunnel,  as  it  was  evident 
that  excessive  leakage  would  be  exceedingly  troublesome  and  might 
result  in  the  settlement  of  buildings. 

Grouting  under  Harlem  River,  City  Tunnel. — The  tunnel  under 
the  Harlem  River  Valley  penetrated  Inwood  limestone,  a  white  crys- 
talline marble,  solid  and  dry  for  the  greater  part,  but,  for  a  distance  of 
about  200  ft.,  a  blocky  stretch  with  water-bearing  seams  was  encount- 
ered, yielding  a  flow  of  about  200  gal.  per  min.  A  number  of  large 
crevices,  several  inches  wide,  extended  above  the  roof  and  from  the 
sides  of  the  tunnel.  Grout  pipes,  some  20  ft.  long,  were  inserted  in 
these  crevices. 

All  the  leaks  in  the  sides  and  roof  of  the  tunnel  were  panned,  while, 
in  the  bottom,  where  considerable  water  issued,  a  broken  stone  drain 
covered  by  pans  was  laid  below  the  invert  concrete.  The  inflowing 
water  was  drained  by  a  longitudinal  pipe  on  the  bottom.  During  the 
placing  of  the  invert  concrete,  the  water  was  kept  below  the  top  of  the 
stone  drain  by  pumping  through  the  longitudinal  pipe  and  pumping  was 
continued  until  the  concrete  had  set. 

The  grouting  in  those  portions  of  the  tunnel  adjacent  to  the  wet 
stretch  was  completed  before  any  leakage  in  that  stretch  was  cut  off. 
Grout  was  first  forced  into  the  bottom  drains  and  pans,  the  upper  pipes 
being  left  open  to  relieve  the  water  pressure.  Connections  were  made 
successively  to  the  pipes  at  higher  levels,  until  the  crevices  in  the  roof 
were  filled.  The  final  grouting  was  done  under  a  pressure  of  300  lb. 
per  sq.  in.,  using  thick  cement  grout.  The  grouting  was  very  success- 
ful, the  inward  leakage  in  this  stretch  being  reduced  to  3  gal.  per  min. 

Grouting  the  Wet  Stretch  near  Shaft  23,  City  Tunnel. — The  wettest 
stretch  in  the  City  Tunnel  was  encountered  near  Shaft  23,  where,  in  a 
crushed  zone  in  granodiorite,  a  flow  of  600  gal.  per  min.,  issuing  from 
one  seam,  was  struck  when  the  excavation  was  first  made.     This  flow 
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had  diminished  to  325  gaL  per  niin.  at  the  time  the  concrete  lining  was 
placed.  On  account  of  the  large  flow,  it  was  decided  to  use  a  light 
steel  shell  to  protect  the  concrete,  instead  of  the  customary  drip-pans. 

The  construction  was  similar  to  that  in  the  Rondout  Tunnel  and 
consisted  of  ribs  built  up  of  4  by  3  by  i-in.  angles  spaced  5  ft.  center  to 
center,  on  which  plates  I  in.  thick  were  placed.  Each  rib  was  made  in 
four  segments,  the  bottom  being  embedded  in  the  invert  concrete. 
Where  the  rock  showed  any  leakage,  the  space  between  the  steel  shell 
and  the  rock  was  filled  with  dry  packing,  elsewhere  the  steel  plates 
were  omitted,  and  the  concrete  lining  was  placed  directly  against  the 
rock.  Dry  packing  was  placed  over  about  60%  of  the  area  in  the  90 
ft.  of  tunnel  in  which  this  special  construction  was  used. 

The  water  in  the  wet  stretch  was  drained  by  a  10-in.  tile  pipe,  laid 
with  open  joints  on  the  floor  of  the  tunnel  and  surrounded  by  broken 
stone.  Above  the  top  of  the  broken  stone,  corrugated  sheet  iron  was 
placed,  on  which  the  invert  concrete  was  laid.  The  10-in.  tile  drain 
had  a  slope  of  6  in.  in  100  ft.  and  discharged  the  water  into  a  sump 
at  the  end  of  the  wet  stretch.  From  the  sump,  the  water  was  pumped 
into  an  8-in.  discharge  line  in  the  tunnel  by  a  motor-driven  centri- 
fugal pump. 

After  all  the  other  grouting  in  the  tunnel  between  Shafts  23  and 
24  had  been  completed,  that  in  the  wet  stretch  was  begun  by  first  con- 
necting to  the  pipes  in  the  bottom  drain  and  then  successively  to  the 
pipes  at  the  higher  levels,  raising  the  grout  up  to  a  maximum  of  150 
lb.  per  sq,  in.  By  this  means,  most  of  the  grout  was  placed  against  a 
back  pressure  of  50  lb.  per  sq.  in.  or  less,  the  gauge  registering  finally 
90  lb.  per  sq.  in.  when  the  grouting  plugged  it. 

In  order  to  prevent  the  accumulation  of  ground-water  pressure,  all 
the  pipes  except  those  in  the  invert  were  left  open,  or  were  opened  up 
after  the  grout  had  set.  After  the  deep-seated  pipes  were  grouted  under 
a  pressure  of  300  lb.  per  sq.  in.,  all  the  pipes  were  opened  and  connected 
to  for  high-pressure  grouting.  A  total  of  217  batches  of  neat  cement 
grout,  consisting  of  1  bag  of  cement  (95  lb.)  and  6  gal.  of  water,  was 
used  for  the  high-pressure  grouting  in  this  stretch.  Very  successful 
results  were  obtained  in  cutting  down  the  inward  leakage  which  was 
reduced  by  grouting  to  6  gal.  per  min.  for  the  entire  stretch  of  3  600  ft. 
of  tunnel  between  Shafts  23  and  24.     Inspection  of  the  tunnel  after  a 
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hydrostatic  test  under  the  operating  head,  showed  no  cracking  or 
inward  leakage  in  this  stretch. 

Repairs  in  City  Tunnel  Between  Shafts  18  and  19. — The  portion  of 
the  City  Tunnel  underneath  Broadway,  in  the  vicinity  of  23d  Street, 
was  excavated  through  fairly  sound  Manhattan  schist,  with  no  inward 
leakage.  When  the  tunnel  was  subjected  to  a  hydrostatic  test,  some 
water  appeared  at  the  surface  in  Madison  Square  Park  and  in  some  of 
the  cellars  near-by.  Although  the  outward  leakage  was  not  excessive,  it 
was  decided  to  make  an  effort  to  cut  down  the  quantity  as  much  as  prac- 
ticable. On  unwatering  the  timnel,  it  was  found  that,  due  to  movement 
of  the  surrounding  rock,  the  construction  joints  of  the  tunnel  lining 
had  opened  up  and,  in  addition,  some  of  the  lining  was  cracked.  Four 
stretches  of  tunnel  aggregating  1  350  ft.  in  length  were  affected. 

The  method  of  repair  adopted  was  to  consolidate  the  rock  surround- 
ing the  tunnel  by  grouting  and,  in  addition,  to  line  with  sheet  copper 
two  stretches  aggregating  about  1  200  ft.  of  tunnel.  A  large  number  of 
holes,  2  in.  in  diameter,  were  drilled  through  the  concrete  lining  and 
into  the  rock,  the  size  of  the  tunnel  limiting  the  maximum  depth  of  the 
holes  to  10  ft.  In  the  1  350  ft.  of  tunnel  grouted,  approximately 
10  000  lin.  ft.  of  holes  were  drilled.  Pieces  of  1^-in.  pipe,  15  in.  long, 
were  fitted  into  these  holes. 

Before  grouting,  grooves  were  cut  in  the  joints  and  cracks  through 
which  water  entered  the  tunnel  and  these  joints  were  caulked  with  lead 
wire.  The  customary  grouting  equipment  was  used  for  this  work,  air 
at  90  lb.  being  furnished  by  a  compressor  at  the  top  of  the  shaft. 
Higher  pressures  were  obtained  by  Westinghouse  ''boosters". 

After  connecting  to  a  hole,  grouting  was  continued,  until  the  hole 
refused  grout  under  300  lb.  pressure.  Any  leaks  that  developed  during 
the  grouting  were  located,  and,  after  the  grout  had  set,  additional  holes 
were  drilled  at  the  place  of  leakage.  The  process  of  drilling  and  grout- 
ing a  section  was  continued  until  test  holes,  drilled  10  ft.  deep,  did  not 
leak  or  take  grout.  The  stretches  in  which  the  lining  was  cracked 
were  grouted  three  times,  a  portion  of  one  being  grouted  five  times. 

The  mix  ordinarily  used  consisted  of  batches  containing  25  lb.  of 
cement  to  20  gal.  of  water.  If  a  hole  into  which  75  batches  of  this  con- 
sistency had  been  injected,  continued  to  take  grout  freely,  the  mix  was 
thickened  to  25  lb.  of  cement  and  5  gal.  of  water;  but  if  the  hole  showed 
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a  tendency  to  plug,  the  thin  mix  was  again  used.    A  total  of  6  000  bags 
of  cement  were  used  in  grouting  the  1  350  ft.  of  tunnel. 

"When  the  grouting  was  started,  the  inward  leakage  amounted  to  30 
gal.  per  min.,  practically  all  of  which  was  cut  off  by  grouting.  The 
ground-water  head  against  the  lining  during  grouting,  as  indicated  by 
gauges,  was  78  lb.  per  sq.  in.  After  the  tunnel  was  again  placed  in 
service,  there  was  practically  no  leakage  at  the  surface  of  the  ground. 

Grouting  in  Shafts. 

In  connection  with  the  construction  of  the  pressure  tunnels  of  the 
Catskill  Aqueduct,  fifty-five  shafts  were  sunk.  '  Some  of  these  are 
permanent,  forming  part  of  the  waterway;  the  others  were  sunk  only 
to  expedite  the  tunnel  excavation,  and  subsequently  were  closed  by 
concrete  plugs.  The  shafts  varied  in  depth  from  106  ft.  to  a  maximum 
of  1 187  ft.,  the  average  being  about  400  ft. 

As  in  the  case  of  the  tunnels,  the  shafts  penetrated  a  wide  assort- 
ment of  rock.  With  a  few  exceptions,  however,  no  great  difficulties  were 
experienced  in  sinking  them,  as  the  rock  encountered  was  gen- 
erally sound  and  free  from  large  quantities  of  water.  In  some  of  the 
shafts  where  the  inflow  of  water  was  excessive,  the  rock  seams  were 
grouted  during  sinking  in  order  to  cut  off  or  reduce  the  flow. 
In  general,  the  water-bearing  ground  did  not  extend  to  any  great  depth, 
but  was  found  in  zones  about  20  to  30  ft.  thick,  so  that,  after  the  wet 
portion  of  the  shaft  was  grouted  and  passed,  no  further  grouting  was 
necessary  in  the  remainder  of  the  shaft. 

Shaft  sinking  is  slow  and  expensive  when  large  quantities  of  water 
have  to  be  handled.  The  water  collects  in  the  bottom,  making  it  trouble- 
some to  drill  and  to  muck  the  broken  rock,  thereby  delaying  the  work. 
The  maintenance  and  operation  of  pumps  also  interferes  with  the  exca- 
vation and  increases  the  cost.  The  method  of  grouting  water-bearing 
seams  in  a  shaft  during  excavation,  to  cut  off  the  inflowing  water,  has 
been  used  to  some  extent,  although  the  process  has  been  more  fully 
developed  and  applied  during  the  last  few  years. 

The  method  usually  adopted  in  grouting  a  wet  zone  is  to  drill  a 
number  of  vertical  holes  in  the  bottom  of  the  shaft,  about  10  to  20  ft. 
in  depth  and  located  generally  from  5  to  10  ft.  around  the  periphery  of 
the  shaft.  Short  lengths  of  pipe  fitted  with  valves  are  set  into  the 
drill  holes,  and  the  drilling  is  done  through  the  valves  which  can  be 
quickly  closed  if  a  heavy  flow  of  water  is  struck. 
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After  the  holes  have  been  drilled,  grout  is  forced  into  the  rock 
seams  through  them,  by  the  usual  grouting  equipment.  As  in  other 
grouting,  a  thick  grout  is  best  for  filling  large  cavities,  while  a  thin 
grout,  as  thin  as  5  lb.  of  cement  to  25  gal.  of  water,  is  necessary  during 
the  early  stages  of  the  injection  of  the  grout,  in  order  to  make  the 
cement  carry  as  far  as  possible  into  the  fine  seams  and  avoid  the 
plugging  of  the  seams  close  to  the  drill  hole.  The  matter  of  adjusting 
the  consistency  of  the  grout  is  important  to  insure  success.  After  the 
grout  has  set  up,  and  the  water  is  cut  off,  sinking  is  resumed,  using 
light  shots  to  avoid  opening  up  new  fissures  in  the  rock.  The  method 
of  grouting  outlined  was  used  in  sinking  through  wet  ground  in 
several  of  the  Catskill  shafts.  The  sinking  in  these  cases  would  have 
been  much  more  difiicult,  slower,  and  more  expensive,  had  pumping 
alone  been  depended  on. 

Shaft  If,  Rondout  Pressure  Tunnel. — This  shaft,  500  ft.  deep,  was 
one  of  the  construction  shafts  for  the  Rondout  Pressure  Tunnel.  It 
was  rectangular  in  shape  and  was  timbered  as  it  was  sunk.  This  was 
the  wettest  shaft  on  the  Catskill  work,  and  the  grouting  of  the  water- 
bearing strata  encountered  in  its  excavation  was  very  successful  in 
cutting  down  the  inflow  of  water,  although  pumping  had  to  be  carried 
on  continuously  during  the  sinking  as  additional  wet  seams  were  struck. 
A  detailed  description  of  the  sinking  of  this  shaft  has  been  given  in  a 
paper*  by  John  P.  Hogan,  M.  Am.  Soc.  C.  E. 

Preliminary  exploration  by  borings  showed  that  the  shaft  would 
penetrate  Binnewater  sandstone  and  High  Falls  shale  at  a  depth  of 
about  200  ft.  The  rock  cores  from  these  beds  showed  a  very  porous 
condition,  and  pumping  experiments  indicated  that  the  rocks  were 
freely  water-bearing.  It  is  probable  that  considerable  time  would  have 
been  saved  and  expensive  pumping  eliminated  during  the  sinking  of 
the  shaft  if  4-in.  holes  had  been  drilled  close  together  around  the 
perimeter  of  the  shaft  when  the  water-bearing  strata  were  reached, 
and  the  rock  thoroughly  solidified  by  injecting  grout  into  the  seams 
through  these  holes.  The  shaft  could  then  have  been  excavated  in  the 
dry. 

However,  the  drilling  of  the  large  holes  necessary  to  insure  the 
complete  success  of  the  grouting  under  such  a  method  would  have  been 
a  slow  and  expensive  procedure,  and  experience  at  the  time  did  not 

*  "Sinking  a  Wet  Shaft",  Ty'cmsactions,  Am.   Soc.  C.  E.,  Vol.  LXXIII,  p.   398. 
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recommend  it  as  the  best  method  of  meeting  the  situation.  The 
handling  of  water  by  pumping  was  familiar  to  the  shaft  sinkers  who 
kept  on  drilling  and  mucking  until  stopped  by  an  excess  of  water,  even 
though  the  shaft  was  flooded  several  times  before  the  grouting  was 
done. 

The  shaft  was  dry  until  a  depth  of  215  ft.  was  reached,  when  the 
water-bearing  Binnewater  sandstone  was  encountered.  At  a  depth  of 
260  ft.,  the  flow  had  increased  to  225  gal.  per  min.  While  drilling 
the  next  round  of  holes,  one  of  the  holes  struck  such  a  strong  flow  that 
the  men  had  to  leave  hurriedly,  and  the  shaft  was  flooded  to  within 
70  ft.  of  the  top.  The  maximum  flow  of  water  entering  through  the  drill 
holes  in  the  bottom  was  estimated  to  be  approximately  600  gal.  per  min. 

After  a  long  delay,  the  shaft  was  pumped  out,  and  the  hole  in  the 
bottom  was  plugged  with  a  2-in.  nipj)le  and  gate-valve.  Drilling  was 
then  resumed  in  the  bottom,  through  valves  on  pipes  set  into  the  drill 
holes,  the  valves  being  shut  as  water  was  encountered.  On  account  of 
trouble  with  the  pumps  and  the  suction  and  discharge  pipes,  the  shaft 
was  again  flooded  twice  in  succession  and  each  time  recovered. 

The  last  holes  drilled  in  the  bottom  indicated  that  for  the  next  8 
ft.  the  ground  to  be  excavated  was  very  porous,  with  open  seams  as 
wide  as  8  in.  It  was  feared  that,  when  the  next  shot  was  made,  there 
would  be  such  a  great  inflow  of  water  as  to  flood  the  shaft  again.  It 
was  then  decided  to  attempt  to  cut  off  the  water  by  grouting  the  water- 
bearing seams. 

For  this  purpose,  twenty-seven  vertical  holes  were  drilled  from  14 
to  20  ft.  deep,  around  the  bottom  of  the  shaft,  each  hole  being  fitted 
with  a  pipe  and  valve.  A  total  of  about  3  000  bags  of  cement  was 
forced  into  these  holes.  At  first,  the  grout  leaked  back  into  the  shaft, 
but  after  some  experimenting^,  the  seams  were  finally  clogged  by  mixing 
bran,  oats,  and  ground  horse  manure  with  the  cement.  This  grouting 
was  so  successful  that  it  was  decided  to  attempt  to  grout  the  remainder 
of  the  water-bearing  strata  in  a  single  operation  down  to  the  top  of  the 
Shawagunk  grit,  a  hard  quartz  conglomerate  encountered  in  sinking 
the  lower  portion  of  the  shaft.  Six  diamond  drill  holes,  1  in.  and  2  in. 
in  diameter,  were  drilled  around  the  perimeter  of  the  shaft  for  a  depth 
of  100  ft.  The  holes  were  grouted  under  a  pressure  of  275  lb.  per  sq.  in., 
but  only  175  bags  of  cement  could  be  forced  in.  After  further  delays, 
due  to  pump  troubles,  sinking  was  resumed.     In  the  first  15  ft,  exca- 
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vated,  numerous  seams  well  filled  with  grout  were  encovmtered ;  the 
maximum  thickness  of  the  grout  was  8  in.,  in  an  irregular  open  bed  of 
sandstone.  The  leakage  into  the  shaft  at  this  time  was  225  gal.  per 
min.,  which  increased  to  350  gal.  per  min.  at  a  depth  of  280  ft.  -The 
water  continued  to  increase  in  quantity  to  525  gal.  per  min.  at  a  depth 
of  320  ft.,  and  was  strongly  charged  with  HgS  gas,  which  attacked  the 
men's  eyes  and  caused  abrasions  to  develop  into  sores. 

In  the  meantime,  the  pumps  continued  to  give  trouble  and  with 
the  shaft  filled  with  no  less  than  ten  of  them  at  one  time,  and  with 
air  and  discharge  lines,  it  was  almost  impossible  to  carry  on  the 
sinking  operations.  Due  to  the  breaking  down  of  one  of  the  station 
pumps  in  the  shaft,  the  latter  was  flooded  for  the  sixth  and  last  time. 
After  it  was  again  unwatered,  a  large  pump  chamber  was  excavated 
in  the  side  at  a  depth  of  310  ft.,  and  three  steam  pumps  having  a 
combined  capacity  of  1 050  gal.  per  min.  were  installed  therein. 

Sinking  was  then  resumed  (a  pilot  drill  hole  being  kept  well  below 
the  bottom)  and  all  seams  were  grouted,  none  of  them  taking  more 
than  50  bags  of  cement,  until  the  grit  was  reached.  At  the  contact 
with  the  grit,  an  additional  flow  of  125  gal.  per  min.  entered  through 
an  old  drill  hole,  increasing  the  total  inflow  to  850  gal.  per  min. 
The  flow  was  cut' off  by  injecting  350  bags  of  cement  under  a  pressure 
of  275  lb.  per  sq.  in.  All  water-bearing  seams  in  the  grit  were  grouted, 
the  maximum  quantity  of  cement  used  at  any  point  being  100  bags. 
When  the  bottom  was  reached,  the  total  inflow  into  the  shaft  was 
610  gal.  per  min. 

The  method  of  grouting  used  in  this  shaft  was,  in  general,  as 
follows:  A  2-in.  pipe  provided  with  a  long  nipple  and  a  gate-valve 
was  driven  into  the  drill  hole  as  far  as  possible.  To  obtain  a  tight 
packing  around  the  pipe,  wooden  wedges,  oakum  and  cement  were 
freely  used,  and  horse  manure  mixed  with  the  cement  was  also  fre- 
quently used  to  clog  the  openings.  A  battery  of  four  to  six  Canniff 
grout  tanks  was  set  up  at  the  top  of  the  shaft  and  connected  with 
the  hole  by  a  2i-in.  pipe.  The  air  pressure  for  grouting  varied 
from  100  to  275  lb.,  the  former  being  obtained  from  the  main  air  line, 
and  the  latter  from  a  small  Westinghouse  "booster."  A  thin  mixture 
was  used  at  first,  and  the  quantity  of  cement  was  increased  gradually; 
if  this  mix  continued  to  flow  freely,  sand  was  added  until  the  pipe 
began  to  clog. 
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The  grouting  in  this  shaft  was  very  successful,  at  one  time  cutting 
off  a  leakage  of  more  than  400  gal.  per  min.  A  total  of  1 163  bbl.  of 
cement  was  used  in  the  grouting  in  the  shaft.  The  holes  drilled  for 
grouting  were  generally  30  ft.  deep,  which  depth  was  probably  too 
great,  as  the  grout  would  fill  the  wide  horizontal  seams,  while  the 
finer  seams,  cut  nearer  the  bottom  of  the  drill  holes,  would  only  be 
grouted  for  perhaps  a  few  inches  from  the  holes,  due  to  the  fact  that 
in  these  seams  the  grout  would  set  hard,  while  the  wide  seams  were 
taking  grout  freely. 

It  is  believed  that  the  grouting  would  have  been  even  more  effective 
if  shallower  holes,  about  12  ft,  deep,  had  been  drilled,  as  such  holes 
would  have  cut  a  smaller  number  of  seams,  with  the  result  that  the 
rock  would  have  been  more  thoroughly  impregnated,  and  the  grout 
would  have  traveled  farther  out  from  the  shaft.  On  other  work 
the  best  results  have  been  obtained  by  alternately  drilling  and  grouting, 
using  shallow  holes  for  the  purpose. 

City  Tunnel  Shafts. — All  the  shafts  of  the  City  Tunnel  were  lined 
with  concrete.  Although  considerable  leakage  was  encountered  in 
several  during  the  sinking,  the  inflow  was  either  completely  cut  off 
or  considerably  reduced  by  grouting  the  water-bearing  seams.  If 
these  wet  shafts  had  been  timbered  instead  of  having  been  lined  with 
concrete,  the  excavation  would  have  been  more  difficult  on  account 
of  the  excessive  quantity  of  water  that  would  have  had  to  be  handled. 

Shaft  4,  City  Tunnel. — This  shaft,  on  the  south  side  of  Jerome 
Park  Reservoir,  was  sunk  to  a  depth  of  242  ft.  in  Fordham  gneiss. 
The  rock  was  sound,  and  the  shaft  was  dry  until  a  depth  of  150  ft. 
was  reached,  when  a  flow  of  150  gal.  per  min.  was  encountered  while 
drilling  holes  in  the  bottom.  In  a  short  time,  the  quantity  diminished 
to  a  constant  flow  of  about  50  gal.  per  min.  After  the  shaft,  which 
had  been  flooded,  was  pumped  out,  the  drill  holes  were  plugged  and 
the  concrete  shaft  lining  was  placed  to  within  a  few  feet  of  the 
bottom. 

The  drill  holes  were  then  grouted  under  an  air  pressure  of  from 
100  to  225  lb.  per  sq.  in.,  using  a  mix  of  about  16  lb.  of  cement  to  1 
gal.  of  water.  A  total  of  46  bags  of  cement  was  used  in  this  grouting, 
and  the  leakage  was  entirely  cut  off.  Water  under  a  pressure  of  70 
lb.  per  sq.  in.  was  also  struck  at  a  depth  of  181  ft.,  and  the  flow  at 
this  level  too  was  cut  off  by  grouting. 
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Pilot  holes,  14  ft.  deep,  were  then  drilled  and  all  struck  water, 
which  in  some  cases  washed  1-in.  fragments  of  rock  from  the  drill 
holes,  indicating  the  presence  of  a  disintegrated  seam.  These  holes 
were  grouted,  but  they  took  very  little  cement.  The  shaft  was  sunk 
another  5  ft.  without  increase  of  water.  The  bottom  of  the  shaft  was 
then  in  disintegrated  rock  well  grouted. 

The  next  step  was  to  drill  a  large  number  of  vertical  holes,  18  in. 
apart  and  16  ft.  deep,  around  the  periphery  of  the  shaft.  The  holes 
were  grouted,  one  at  a  time,  each  hole  taking  about  two  batches  of 
grout,  except  some  at  one  side  of  the  shaft  through  which  the  leakage 
V7as  about  100  gal.  per  min.  The  water  from  these  holes  could  not 
be  shut  oif,  and  the  leakage  was  taken  care  of  by  pumping.  As  the 
shaft  was  deepened,  no  increase  of  flow  was  encountered,  and  sound 
rock  was  reached  at  a  depth  of  200  ft. 

The  water-bearing  ground  below  the  181-ft.  depth  showed  a  crushed 
fault  zone  with  a  maximum  thickness  of  8  ft.  on  one  side,  below 
which  the  rock  was  disintegrated  to  a  depth  of  4  ft.  A  total  of 
approximately  1 000  bags  of  cement  was  used  in  grouting  this 
stretch,  and  although  the  disintegrated  ground  was  found  to  be  well  im- 
pregnated with  grout,  the  flow  of  water  could  not  be  entirely  cut  off. 
Thick  grout  was  generally  used,  but  it  is  believed  better  results  might 
have  been  secured  by  the  use  of  thin  grout.  After  the  shaft  had  been 
completely  lined,  the  water-bearing  seams  were  grouted  through  pipes 
set  in  the  lining,  and  the  leakage  was  reduced  to  3  gal.  per  min. 

Shafts  20  and  21,  City  Tunnel. —^hait  20,  750  ft.  deep,  in  the 
lower  part  of  Manhattan  Island,  was  excavated  in  Fordham  gneiss 
which  was  generally  dry.  No  trouble  with  water  was  experienced 
until  a  depth  of  425  ft.  was  reached,  when  a  flow  of  30  gal.  per  min. 
was  struck  in  the  drill  holes  in  the  bottom  of  the  shaft.  Deep  holes 
were  drilled,  pipes  inserted,  and  a  concrete  blanket  2  ft.  thick  was 
placed  over  the  bottom  of  the  shaft.  Grouting  was  started  too  soon, 
before  the  concrete  had  set  hard,  and  it  was  necessary  to  add  another 
2-ft.  layer  of  concrete.  After  a  lapse  of  48  hours,  the  holes  were 
grouted  under  a  pressure  of  300  lb.  per  sq.  in.,  and  the  water  was 
cut  off.  No  further  trouble  was  had  in  excavating  the  remaining 
depth  of  the  shaft. 

Shaft  21  was  sunk  in  granodiorite  to  a  depth  of  757  ft.  at  the  East 
River,  in  the  lower  part  of  Manhattan  Island.     The  rock  was  hard  and 
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seamy,  and  wet  zones  were  encovnitered  about  every  (50  or  SO  ft.  The 
wet  seams  were  grouted  successfully  in  every  case.  A  concrete  blanket 
was  placed  over  the  seam  to  be  grouted,  as  at  Shaft  20,  to  retain  the 
grouting  pressures,  and  the  results  were  satisfactory.  The  concrete 
lining  in  the  shaft  was  placed  in  stretches  of  about  50  ft.,  as  the  sinking 
progressed,  and  any  water  entering  through  the  grout  pipes  set  in  the 
lining  was  grouted  off,  in  order  to  keep  the  bottom  of  the  shaft  as  dry  as 
possible. 

Shafts  22  and  2k,  City  Tunnel. — Shaft  22,  in  the  Borough  of 
Brooklyn,  was  sunk  through  gneiss  and  granodiorite.  Only  small  quan- 
tities of  water  were  handled,  except  at  Elevation  —  430,  where  a  flow 
estimated  to  have  been  200  gal.  per  min.,  was  encountered  in  a  drill 
hole.  The  flow  was  controlled  by  inserting  a  pipe  provided  with  a 
valve  in  the  hole,  after  which  other  holes  from  5  to  20  ft.  deep  were 
drilled  to  locate  the  extent  of  the  water-bearing  area,  which  was 
found  to  be  on  one  side  of  the  shaft. 

The  first  attempt  at  grouting  was  unsuccessful,  due  to  the  large 
number  of  seams.  A  concrete  blanket  was  then  placed  around  two 
of  the  pipes,  in  the  wet  portion  of  the  shaft,  and  the  water  was  cut 
off  by  grouting  under  a  pressure  of  350  lb.  per  sq.  in.,  only  6  days 
after  it  was  first  struck.  Subsequent  excavation  showed  that  seams 
not  more  than  -^^  in.  wide  were  filled  completely  with  cement. 
These  seams  were  sharply  defined  cracks  in  the  hard  rock  and  were 
cut  by  the  drill  holes  in  such  a  manner  as  to  provide  good  circulation 
of  the  grout,  with  the  result  that  the  grouting  was  successfully  com- 
pleted in  a  few  shifts. 

The  granodiorite  and  gneiss  through  which  Shaft  24  was  sunk 
was  blocky  and  more  or  less  crushed.  Little  trouble  was  encountered 
in  handling  the  water  in  the  shaft,  except  in  a  stretch  of  40  ft.  at  a 
depth  of  about  300  ft.,  where  a  flow  of  240  gal.  per  min.  was  struck 
by  one  of  the  drill  holes.  The  shaft  was  flooded,  and  it  became  neces- 
sary to  install  a  large  pumping  plant  to  unwater  it.  After  it  was 
pumped  out,  the  hole  through  which  the  water  issued  was  plugged, 
and  fourteen  holes  were  drilled  around  the  periphery  of  the  shaft, 
varying  in  depth  from  H  to  I7i  ft.  Through  pipes  fitted  into  these 
holes,  55  cu.  yd.  of  grout  was  forced  into  them  under  pressures  as 
high  as  325  lb.  per  sq.  in. 
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The  grouting  of  the  wet  seam  caused  the  water  to  rise  in  the  rock 
pnd  flow  from  the  smaller  seams  above.  Holes  were  drilled  into  these 
seams,  and  grout  under  low  pressure  was  forced  into  them,  wedges 
of  soft  wood  being  driven  into  the  seams  where  necessary  to  prevent 
the  grout  from  escaping  into  the  shaft.  The  leakage  from  these  seams 
was  reduced  from  50  to  15  gal.  per  min. 

On  resuming  excavation,  it  was  found  that  the  seam  which  yielded 
the  large  flow  had  been  successfully  grouted  and  gave  no  further 
trouble,  but,  after  the  smaller  seams  above  had  been  closed,  the  rock 
in  the  shaft  scaled  so  badly  that  it  was  necessary  to  suspend  sinking 
and  place  the  concrete  lining.  The  leakage  remaining  was  taken  care 
of  by  pipes  set  in  the  concrete  and  subsequently  grouted. 

Grouting  Behind  Caissons,  City  Tunnel. — Before  ledge  rock  was 
reached,  the  six  southerly  shafts  of  the  City  Tunnel  had  to  penetrate 
through  a  deposit  of  water-bearing  sand,  varying  in  depth  from  43 
to  150  ft.  The  earth  portions  of  these  shafts  were  excavated  by  rein- 
forced concrete  caissons  sunk  by  compressed  air. 

In  order  to  effect  a  tight  seal  at  the  surface  of  the  rock,  the 
caissons  were  sunk  from  2  to  5  ft.  below  the  lowest  point  of  sound 
rock  around  the  cutting  edge,  and  the  space  between  the  caisson  and 
the  rock  was  grouted  through  pipes  set  in  a  concrete  bench  on  which 
the  cutting  edge  of  the  caisson  was  sealed.  Pipes  were  also  placed 
through  the  concrete  above  the  bottom  of  the  caisson  for  the  purpose 
of  grouting  the  sand  surrounding  the  caisson.  The  work  was  suc- 
cessful, as  the  leakage  from  the  seal,  after  taking  off  the  air,  was  only 
7  gal.  per  min.  at  the  deepest  caisson,  that  at  Shaft  23,  where  the 
hydrostatic  head  was  more  than  100  ft.,  and,  subsequently,  all  this 
leakage  was  grouted  off. 

The  experience  in  grouting  the  sand  behind  the  caissons  indicated, 
as  found  on  other  work,  that  little  can  be  done  to  consolidate  a  mass 
of  sand  by  attempting  to  fill  the  voids  in  it  by  grouting,  but  very 
good  results  can  be  obtained  by  grouting  in  filling  voids  due  to  loss 
of  ground. 

Grouting  Closures  of  Construction  Shafts. — The  construction 
shafts  which  were  sunk  solely  to  expedite  tlie  excavation  of  the 
pressure  tunnels,  were  closed  by  filling  them,  for  a  depth  of  about 
60  ft.  above  the  waterway  of  the  tunnel,  with  concrete.  These  shafts 
were  rectangular  in  shape,  measuring  about  10  by  22  ft.,  and  were  tim- 
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bered.  Before  the  concrete  plug  was  placed,  the  tinibering  in  the 
bottom  50  ft.  was  removed,  and  the  concrete  was  placed  solidly 
against  the  rock. 

It  was  realized  that  the  concrete  in  the  plug  might  shrink  and 
leave  a  space  between  it  and  the  rock  through  which  the  water  from 
the  tunnel  would  escape  to  the  surface.  In  order  to  permit  the 
filling  of  the  shrinkage  space,  grouting  channels  were  left  entirely 
around  the  shaft  at  the  top  of  each  lift  or  at  vertical  intervals  of 
about  10  to  15  ft.  These  channels  were  formed  by  placing  sheets  of 
tin  or  sheet  iron  around  the  shaft,  the  bottom  edges  of  the  tin  being 
left  in  the  fresh  concrete,  while  the  upper  edges  were  wedged  tightly 
against  the  rock. 

Each  grouting  channel  was  provided  usually  with  three  2-in.  pipes 
set  in  the  concrete;  one,  acting  as  a  vent  or  drain  pipe,  extended  down 
to  the  tunnel  and  two  were  carried  up  to  the  top  of  the  plug.  The 
channel  was  kept  from  clogging  during  the  placing  of  the  concrete  by 
flushing  it  with  water  through  the  pipes  leading  to  the  top  of  the  plug. 
After  the  concrete  had  set  and  shrinkage  had  taken  place,  the  chan- 
nels were  grouted  from  the  top  of  the  plug,  beginning  with  the  lower 
one  and  working  up. 

The  usual  procedure  before  injecting  the  grout  was  to  apply  air 
pressure  to  each  of  the  two  pipes  leading  up  from  the  grouting  chan- 
nel. While  one  pipe  was  being  blown  out,  the  other  was  kept  closed, 
so  as  to  wash  any  water  or  accumulation  through  the  down  drain  pipe 
into  the  tunnel.  Neat  cement  grout  was  then  forced  into  one  of  the 
pipes  until  it  showed  at  the  vent  pipe  in  the  tunnel ;  the  vent  was  then 
closed,  and  grouting  was  continued  until  the  grout  flowed  from  the 
top  of  the  other  up  pipe.  The  latter  was  then  closed  and  grouting 
continued,  until  no  more  grout  could  be  forced  in  under  a  pressure 
of  300  lb.  per  sq.  in.  The  high  pressure  was  then  applied  to  the 
other  up  pipe,  and  the  process  was  continued  until  all  the  channels 
were  grouted. 

There  is  some  question  as  to  whether  grout  can  be  forced  into 
the  fine  shrinkage  space  that  may  develop  between  the  concrete  plug 
and  the  rock.  In  Shaft  3,  Rondout  Pressure  Tunnel,  where  it  was 
necessary  to  excavate  the  plug  in  connection  with  the  repair  work 
UK  the  tunnel,  there  weTe  no  indications  of  any  layer  of  grout  between 
the  concrete  and  the  rock.     The  concrete  was  found  to  adhere  closely 
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to  the  rock  surface.  Grouting  pans  are  of  advantage,  however,  in 
protecting  the  concrete  from  water  seeping  into  the  shaft.  If  the 
water  is  not  collected,  it  will  find  its  way  through  the  concrete,  or 
between  the  concrete  and  the  rock,  resulting  in  injury  to  the  concrete 
or  to  the  bond. 

In  Shaft  6,  Rondout  Pressure  Tunnel,  63,  45,  and  53  batches  of 
neat  cement  grout  were  forced  into  the  lower,  middle,  and  top  grouting 
channels,  respectively,  of  the  shaft  plug.  The  total  volume  of  grout 
injected,  namely,  161  batches,  corresponding  to  about  200  cu.  ft,  of 
grout,  exceeded  the  estimated  volume  of  space  in  the  grouting  chan- 
nels, so  that  it  is  believed  that  some  of  it  penetrated  into  the  rock 
seams.  There  was  also  indication  of  this  during  the  high-pressure 
grouting  of  the  top  channel.  Grout  appeared  in  the  rock  seams  above 
the  plug  and  also  at  the  top  of  the  plug  at  the  contact  between  the 
concrete  and  the  rock,  19  ft.  above  the  top  channel.  The  grout  leaks 
clogged  up  as  the  air  pressure  was  continued. 

In  grouting  many  of  the  construction  shaft  plugs,  no  trouble 
was  experienced,  after  connecting  to  a  pipe  leading  to  a  grouting 
channel,  and  closing  all  other  vents,  to  force  air  either  through  the 
.  rock  itself  or  through  the  contact  between  the  concrete  and  the  rock. 
The  fact  that  the  air  pressure  could  be  kept  at  100  lb.  during  the 
previously  mentioned  test,  or  raised  to  a  higher  pressure,  showed  that 
the  seams  and  openings  were  very  small. 

It  is  important  while  removing  the  shaft  timbering,  in  connection 
with  the  placing  of  the  concrete  plug,  to  take  down  all  loose  rock  and 
place  the  concrete  against  the  solid  rock.  It  is  possible  that  the 
passage  of  air  occurring  during  the  tests  previously  noted,  took  place 
through  loose  rock  seams  instead  of  between  the  concrete  and  the 
rock.  Not  only  should  loose  rock  be  removed,  but  also  all  rock  that 
sounds  "drummy"  when  pounded. 

The  concrete  plugs  at  the  bottom  of  the  construction  shafts  proved 
to  be  very  tight  against  outward  leakage. 

Grouting  Closures  in  Riser  Valve  Shafts. — The  City  Tunnel  shafts 
through  which  water  is  supplied  from  the  tunnel  to  the  valve  chambers 
at  the  top  of  the  shafts,  are  provided  with  riser  valves  which  are 
about  100  ft.  below  the  top  of  sound  rock.  These  valves  are  designed 
to  close  automatically  if  a  break  occurs  in  the  valve  chamber  or  in 
the   street  main.     Below   them,   the   waterway   is   a   14-ft.,   or   larger. 
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concrete-lined  shaft,  and,  above  them,  the  4  or  6-ft.  riser  is  a 
mortar-lined  steel  pipe,  embedded  in  a  solid  plug  of  concrete  forming 
the  shaft  closure.  The  concrete  plug  was  placed  inside  of  an  outer 
shaft  lining  of  concrete,  the  latter  having  been  placed  during  the 
sinking  of  the  shaft. 

Grouting  rings  or  channels  were  formed  at  frequent  intervals,  when 
placing  the  plug  concrete,  to  permit  the  grouting  of  the  shrinkage 
space  between  the  new  and  the  old  concrete.  These  channels  were 
grouted  after  the  concrete  had  been  in  place  a  sufficient  length  of 
time  to  insure  complete  shrinkage. 

The  procedure  in  Shafts  15  and  16  was  typical  of  the  practice  in 
the  City  Tunnel  shafts.  In  these  two  shafts,  three  grouting  channels 
were  formed  between  the  concrete  plug  and  the  outer  lining,  the 
lowest  one  being  about  5  ft.  above  the  point  where  the  plug  started, 
and  the  others  about  10  and  20  ft.,  respectively,  above  the  bottom  one. 
The  channels  were  formed  at  the  end  of  the  day's  work  by  placing 
segmental  timbers  of  4  by  4-in.  cross-section  in  the  top  of  the  green 
concrete,  around  the  perimeter  of  the  plug. 

Two  2-in.  pipes,  placed  diametrically  opposite,  were  carried  from 
the  bottom  of  the  plug  to  the  bottom  of  each  grouting  channel. 
Before  starting  to  place  the  next  lift  of  concrete,  the  channel  was 
covered  with  sheet  iron  bent  against  the  outer  lining  and  covered  with 
a  sloping  layer  of  stiff  concrete  about  1  ft.  thick.  The  latter  pro- 
tected the  sheet  iron  and  kept  it  from  being  displaced. 

After  the  concrete  plug  had  set  six  weeks,  the  channels  were 
grouted.  The  general  procedure  in  each  case  was  to  blow  out  the 
pipes  and  channels  with  compressed  air  at  pressures  of  50  to  60  lb., 
after  which  water  was  forced  through,  and,  finally,  grout  was  in- 
jected under  pressures  up  to  a  maximum  of  150  lb.  per  sq.  in.  The 
grout  used  varied  from  a  mix  of  1  volume  of  cement  to  8  volumes  of 
water  to  one  of  equal  volumes  of  cement  and  water.  The  experience 
at  these  shafts  showed  a  slight  passage  of  water  and  grout  from 
channel  to  channel,  but  no  evidence  of  leakage  showed  around  the 
plug  at  the  top  of  the  shaft. 

In  Shaft  24  of  the  City  Tunnel,  four  grouting  channels  were 
provided  in  connection  with  the  placing  of  the  concrete  plug  which 
is  197  ft.  deep  and  24  ft.  in  diameter.  To  each  of  the  two  lower  chan- 
nels, three  2-in.  pipes  were  carried  from  the  shaft  below  the  plug, 
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and  from  the  two  upper  channels,  three  pipes  were  carried  to  the 
top  of  the  plug.  Compressed  air  was  forced  into  the  pipes  of  the 
lower  channels  before  any  grouting  was  begun.  The  air  circulated 
freely  between  the  plug  and  outer  lining,  appearing  at  the  surface. 

The  bottom  channel  was  grouted  first,  the  grout  being  forced  into 
the  pipes  until  they  refused  it  under  300  lb.  pressure.  The  grout  from 
the  lower  channel  flowed  upward  into  the  next  channel  and  its  pipes, 
but  reached  the  top  of  the  plug  through  the  pipes  of  the  upper 
channels.  Connection  was  made  to  each  pipe,  the  lower  channels  being 
completely  grouted  before  the  upper  ones  were  begun. 

The  results  obtained  at  all  the  City  Tunnel  shafts  have  been  very 
satisfactory,  as  there  has  been  no  leakage  into  any  of  the  chambers  at 
the  top  of  the  shafts.  At  some  of  the  shafts,  the  pressure  of  the  water 
at  the  level  of  the  chamber  floor  is  about  110  lb.  per  sq.  in. 

Grouting  Under  the  Foundations  of  Dams  and  Dikes. 

Grouting  Seams  in  Rock  Under  Olive  Bridge  Dam. — The  masonry 
portion  of  this  dam  is  about  1  600  ft.  long,  and  rises  to  a  maximum 
height  of  210  ft.  above  the  bed  of  Esopus  Creek.  The  bluestone  layers 
underneath  the  creek  were  excavated  to  sound  rock  at  a  maximum 
depth  of  about  25  ft.,  and,  in  addition,  a  cut-oif  trench  about  20  ft. 
wide  was  excavated,  to  a  maximum  depth  of  40  ft.,  across  the  creek 
channel  just  below  the  up-stream  edge  of  the  dam.  Below  the  top 
layer  of  bluestone,  alternating  layers  of  slate,  shale,  and  bluestone  were 
found,  the  beds  varying  in  thickness  from  1  to  15  ft. 

Before  excavation  for  the  dam  was  started,  the  rock  underlying 
the  foundations  was  explored  by  means  of  fifteen  diamond  drill  borings 
from  40  to  100  ft.  deep,  put  down  in  the  bed  of  the  creek  and  the 
adjacent  rock  sides.  The  holes  were  tested  by  hydrostatic  pressure 
tests  for  the  purpose  of  locating  the  position  and  permeability  of  the 
seams  in  the  rock.  These  investigations  showed  two  definite  jjlanes 
of  leakage  at  depths  of  40  and  GO  ft.  below  the  bed  of  the  creek. 

To  prevent  the  flow  of  water  through  the  open  seams,  a  total  of 
217  holes,  2J  in.  in  diameter,  were  drilled  to  about  1  ft.  below  the 
seams  for  the  purpose  of  grouting  them.  The  lower  seam  was  reached 
by  a  row  of  45  holes,  spaced  about  5  ft.  apart,  drilled  from  the  bottom 
of  the  cut-off  trench.  For  grouting  the  upper  seam,  seven  rows  con- 
taining 172  holes,  also  spaced  5  ft.  apart,  were  drilled  from  the  bottom 
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of  the  excavation  down  stream  from  the  cut-off  trench.  A  model  was 
made,  showing  the  position  of  the  grout  holes  and  the  water-bearing 
seams,  and  was  found  to  be  useful  in  connection  with  the  subsequent 
grouting. 

A  3-ft.  length  of  2-in.,  wrought-iron  pipe,  the  lower  end  of  which 
was  chipped  with  a  chisel  and  wrapped  with  jute,  was  driven  into 
the  tops  of  the  holes  until  the  jute  became  firmly  wedged  and  made 
a  tight  joint.  The  pipe  was  then  wedged  fast  at  the  top  with  two  small 
iron  wedges,  and  the  annular  space  between  it  and  the  sides  of  the 
drill  hole  was  filled  with  grout,  thus  sealing  the  pipe  in  the  hole.  If 
water  was  flowing  from  the  drill  hole,  the  iron  wedges  and  the  grout 
were  omitted,  and  dry  cement  was  rammed  into  the  top  of  the  hole 
outside  the  pipe. 

Sections  of  pipe  of  convenient  length  were  successively  screwed 
to  the  tops  of  the  grout  pipes  so  as  to  keep  them  always  above  the 
top  of  the  Cyclopean  masonry  as  the  latter  progressed,  until  the  holes 
were  grouted.  After  the  surface  of  the  rock  was  covered  by  a  sufficient 
weight  of  concrete  masonry  to  overcome  the  possibility  of  lifting  or 
blowing  out  by  hydrostatic  pressure,  the  tops  of  the  grout  pipes  were 
connected  to  a  Cockburn  grouting  machine  of  about  4  cu.  ft.  capacity, 
and  grout  was  forced  into  the  hole  by  an  air  pressure  of  from  25  to 
90  lb.  per  sq.  in.  The  grout  generally  used  was  mixed  in  equal 
volumes  of  neat  cement  and  water. 

The  grouting  extended  over  a  period  of  about  one  year  and  was 
done  at  any  convenient  time  after  the  concrete  had  attained  a  height 
of  10  ft.  or  more.  The  45  holes  extending  to  the  lower  seam  took  a 
total  of  251  cu.  ft.  of  grout,  of  which  it  was  estimated  that  175  cu.  ft. 
entered  the  seam.  The  172  holes  drilled  to  the  upper  seam  received 
a  total  of  1 118  cu.  ft.  of  grout,  of  which  it  was  estimated  that  925 
cu.  ft.  entered  the  seam. 

The  quantity  of  grout  forced  into  any  hole  varied  from  0  to  198 
cu.  ft.,  and  only  about  10%  of  the  total  number  of  holes  took  an 
appreciable  quantity.  The  maximum  distance  through  which  grout 
was  forced,  making  its  appearance  in  other  pipes,  was  70  ft. 

A  number  of  experiments  were  made  in  connection  with  the  grout- 
ing, which  are  of  interest.  Grout  was  forced  under  a  pressure  of 
25  lb.  per  sq.  in.  into  a  hole  drilled  about  15  ft.  back  from  the  edge 
of  the  cut-off  trench,  and  appeared  on  the  face  of  the  trench  from  a 
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horizontal  seam  about  6  in.  below  the  top.  Several  months  later,  the 
rock  covering  this  seam  vpas  barred  and  wedged  off,  and  the  seam 
appeared  to  be  well  filled  with  cement  which  was  set  hard. 

Grout  was  also  forced  into  a  drill  hole  about  6  ft.  back  from  the 
face  of  the  cut-off  trench,  through  two  seams  to  the  face  of  the  trench. 
Two  days  later  the  rock  was  barred  off,  exposing  the  seams  which 
were  found  to  be  well  filled  for  a  distance  of  4  ft.  in  every  direction 
fiom  the  hole,  and  partly  filled  2  ft.  farther  out. 

Grouting  at  Woodstock  and  Glenford  Dikes. — These  two  structures 
close  the  gaps  between  the  hills  forming  the  Ashokan  Reservoir.  The 
dikes  consist  of  rolled  embankments  with  center  concrete  core-walls 
which,  with  the  exception  of  short  portions,  were  carried  down  to 
ledge  rock.  In  the  vicinity  of  the  dikes,  the  rock  is  overlaid  with  a 
cover  of  clay  and  gravel,  varying  from  1  to  30  ft.  in  depth. 

As  the  East  Basin  of  the  reservoir  filled,  it  was  observed  that  some 
seepage  was  taking  place  underneath  the  dikes,  which  increased  as 
the  water  level  in  the  reservoir  rose.  Although  the  loss  of  water  was 
not  serious,  it  was  considered  advisable  to  take  measures  to  stop  the 
seepage  and  to  improve  the  character  of  the  foundations.  To  deter- 
mine to  what  extent  this  might  be  accomplished,  it  was  decided  to 
grout  a  portion  of  the  foundation  of  the  Woodstock  Dike. 

Operations  were  limited  to  a  length  of  379  ft.,  the  total  length  of 
the  dike  being  approximately  2  500  ft.  Holes  were  drilled,  spaced 
about  12^  ft.  apart,  on  the  center  line  of  the  dike  where  the  core-wall 
extended  to  rock,  and  on  a  5  or  6-ft.  off-set  line  up  stream  from  the 
center  line,  where  the  core-wall  was  not  carried  down  to  rock.  Thirty- 
five  holes  were  drilled,  their  total  depth  through  the  embankment  and 
earth  cover  aggregating  426  lin.  ft.,  while  the  depth  of  the  core- 
borings  totaled  717  lin.  ft. 

Where  the  holes  were  on  the  center  line  of  the  dike,  a  4-in.  casing 
was  driven  to  the  core-wall,  a  distance  of  approximately  9  ft.  A  3-in. 
hole  was  then  drilled  into  the  core-wall  to  a  depth  of  2  ft.,  into  which 
a  2^-in.  casing  was  driven  and  grouted,  giving  a  tight  seal.  The  4-in. 
casing  was  then  withdrawn.  For  the  holes  up  stream  from  the  core- 
v/all,  a  2J-in.  casing  was  driven  to  rock.  The  rock  was  chopped  out 
to  a  depth  of  from  4  to  24  in.  and  the  casing  was  driven  tightly  into  it. 

The  core-borings  were  made  with  an  "A"  bit,  which  cut  a  hole  of 
approximately  l|-in.  diameter.     The  rock  encountered  was  bluestone, 
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Fig.   11. — Grouting  Seam  in  Rock,   60  Ft.   Below  the  Creek  Bed, 
Under  Olive  ]3RrDGE  Dam. 


Fig.  12. — Mortar  Lining  in  Steel  Pipe  Siphon,  2  In.  Thick,  Placed  by 
Pouring  Grout  from  Surface. 
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varying  from  a  coarse  stone  of  good  quality  to  a  very  fine  grained 
stone.  In  general,  the  holes  averaged  40  ft.  in  depth,  20  ft.  of  this 
being  in  rock.  Tests  made  by  pumping  water  into  the  holes  showed 
loss  of  water  at  practically  all  those  drilled  in  rock,  the  maximum 
quantity  that  could  be  pumped  into  a  hole  without  accumulating 
pressure,  having  been  66  gal.  per  min. 

On  the  completion  of  the  drilling,  the  holes  were  grouted.  Two 
Cockburn-Barrow  grout  machines  were  used  to  mix  the  grout,  dis- 
charging into  a  wooden  box,  from  which  it  was  pumped  by  a  Douglas 
hand  grout  pump  into  the  hole  to  be  grouted.  The  mix  varied  in 
consistency  from  ^  bag  of  cement  and  40  gal.  of  water  to  5  bags  of 
cement  and  40  gal.  of  water.  The  general  method  of  procedure  was 
to  attach  the  grout  pump  to  a  hole  and  continue  pumping  in  grout 
as  long  as  the  hole  would  take  it.  In  the  majority  of  cases,  the  grout 
did  not  show  in  adjacent  holes.  In  one  instance,  however,  it  appeared 
in  a  hole  37  ft.  distant  from  the  one  grouted. 

On  the  completion  of  the  grouting  of  the  rock,  the  casing  was 
first  pulled  about  12  to  18  in.,  and  grout  was  then  pumped  in,  keeping 
the  pressure  at  a  maximum  of  7  lb.,  except  that  after  work  had  been 
done  on  a  hole  and  then  resumed  after  an  interval,  a  slightly  higher 
pressure  was  used  for  a  short  time.  When  the  hole  would  take  no 
more  grout,  the  casing  was  pulled  another  18  in.,  and  the  grout 
applied  once  more  to  refusal.  This  procedure  was  continued,  alter- 
nately pulling  casing  and  grouting,  until  the  casing  had  been  raised 
so  that  the  bottom  was  at  the  elevation  of  the  flow  line. 

The  maximum  quantity  of  grout  forced  into  a  hole  in  the  rock 
was  1  078  bags  of  cement  and  the  minimum  13  bags.  The  maximum 
quantity  forced  into  a  hole  in  the  earth  cover  above  the  rock  was 
496  bags  and  the  minimum  20  bags.  A  total  of  1  881  bbl.  of  cement 
was  used  in  this  experimental  grouting.  It  resulted  in  an  appreciable 
reduction  in  the  amount  of  seepage  for  the  portion  of  the  dike  treated. 
Measurements  made  soon  after  the  completion  of  the  grouting,  indi- 
cated a  reduction  of  approximately  50%  in  the  amount  of  seepage. 

In  view  of  the  satisfactory  results  obtained  in  grouting  the  experi- 
mental section,  it  was  decided  to  grout  the  foundations  of  the  "Wood- 
stock and  Glenford  Dikes  for  their  entire  lengths,  except  a  few  sections 
which  it  was  thought  unnecessary  to  treat. 
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A  modification  was  made  in  the  procedure  originally  followed. 
Where  the  core-wall  was  founded  on  rock,  the  holes  were  drilled  in 
two  rows,  2  ft.  apart,  spaced  about  20  ft.,  center  to  center,  in  each 
row,  the  holes  being  staggered.  In  the  Woodstock  Dike,  the  holes 
were  drilled  through  the  core-wall  and  into  the  rock,  the  method  of 
sinking  and  sealing  the  casing  being  the  same  as  that  described  in 
the  experimental  work.  At  the  Glenford  Dike,  it  was  impossible  to 
drill  holes  through  the  core-wall  because  of  the  location  of  the  Ulster 
and  Delaware  Eailroad  on  that  dike;  the  casings,  therefore,  were 
sunk  up  stream  from  the  core-wall,  with  the  same  spacing  as  described 
previously. 

For  the  portions  of  the  Woodstock  Dike  where  the  core-wall  was 
not  carried  to  rock,  holes  were  placed  on  offsets  and  spaced  5  ft.  apart ; 
4-in.  casing  was  sunk  to  rock,  and,  at  alternate  holes,  2i-in.  casing 
was  placed  inside  the  4-in.  casing  and  securely  sealed  into  the  rock. 
The  holes  through  the  core-wall  and  into  the  rock  were  2^1^^  in. 
in  diameter  instead  of  If  in.,  as  in  the  experimental  work,  and  were 
drilled  to  a  minimum  depth  of  20  ft.  into  the  rock.  The  total  linear 
feet  of  holes  drilled  at  Woodstock  Dike,  including  the  experimental 
section,  was  11 182,  and  at  Glenford  Dike,  9  190. 

The  same  general  procedure  was  followed  in  grouting  the  holes 
as  in  the  experimental  grouting,  but  some  changes  were  made.  In 
order  to  economize  in  the  labor  incidental  to  the  use  of  hand-pumping 
of  grout,  water  pressure  supplied  by  steam  pumps  was  substituted  for 
the  Douglas  hand  pump,  four  grouting  units  being  in  operation  at 
all  times,  with  piping  extending  the  full  length  of  both  dikes.  As 
before,  Cockburn-Barrow  grout  machines  were  used  for  mixing  the 
grout,  wooden  troughs  conveying  it  to  hollow  iron  cylindrical  pressure 
tanks. 

These  grout  tanks  consisted  of  12-in.  iron  pipes,  4  ft.  long,  laid 
horizontally,  two  of  which  were  mounted  on  a  portable  wooden  truck. 
Suitable  2-in.  pipes  and  fittings  made  it  possible  to  use  each  tank  alone 
or  in  sequence.  Pressure,  when  required,  was  applied  at  one  end  by  con- 
nection with  the  water  line,  and  the  grout  in  the  tank  was  discharged 
by  displacing  it  with  water.  This  method  was  found  to  work  very 
smoothly,  resulting  in  a  saving  of  time  and  more  effective  grouting 
on  account  of  the  continuous  operation. 
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The  grouting  of  the  earth  cover  and  embankment  above  the  rock, 
at  the  Woodstock  Dike,  was  completed  before  the  rock  was  grouted. 
The  row  of  4-in.  casing  without  the  inner  2i-in.  pipe,  was  grouted 
first,  and  then  the  other  row,  the  grouting  of  cover  to  flow-line  eleva- 
tion being  accomplished  by  raising  the  l-in.  casing  as  desired.  After 
this  cover  grouting  was  accomplished,  the  2i-in.  casing  was  used  to 
grout  the  rock.  A  total  of  7  564  bbl.  of  cement  was  used  for  grouting 
at  Woodstock  Dike,  including  the  experimental  section,  and  5  613  bbl. 
at  Glenford  Dike. 

The  results  of  the  grouting  at  both  dikes  have  been  very  satisfac- 
tory, the  estimated  reduction  in  seepage,  with  a  full  reservoir,  being 
75%  at  Woodstock  Dike  and  90%  at  Glenford  Dike.  In  addition,  the 
foundations  under  the  dikes  have  been  improved  materially,  due  to 
the  consolidation  of  the  disintegrated  rock  and  the  filling  up  of  the 
seams  and  cavities. 

Grouting  the  Foundation  under  Kensico  Dam. — Kensico  Dam  is 
a  gravity  structure  of  cyclopean  concrete  masonry,  with  a  maximum 
height  of  310  ft.  above  the  bottom  of  the  excavation.  The  dam  is 
across  the  Bronx  River,  between  parallel  ridges  which  rise  to  a  height 
of  about  180  ft.  above  the  bed  of  the  river.  At  the  site  of  the  dam, 
the  quality  and  attitude  of  the  rock  was  developed  by  core-borings 
which  clearly  revealed  the  geologic  structure  of  the  valley  floor. 

The  east  ridge  is  composed  of  gneiss,  the  west  ridge  of  schist,  and 
between  the  two  hills  lies  a  bed  of  crystalline  limestone  about  400  ft. 
thick.  The  excavation  for  the  dam  was  carried  down  to  generally 
sound  rock.  The  limestone  was  found  to  be  deeply  decayed  in  places, 
e&pecially  along  the  contact  with  the  gneiss,  where  the  decay  follows 
the  contact  for  a  depth  of  more  than  100  ft.  below  the  general  level 
of  the  rock  floor  and  affects  the  adjacent  gneiss.  No  decay  was  found 
at  the  contact  between  the  limestone  and  the  schist.  Both  the  gneiss 
and  the  schist  showed  less  depth  of  decay  than  the  limestone  but,  in 
places,  these  rocks  were  shattered  and  showed  the  effect  of  crush  zones 
by  lines  of  weakness  along  the  bedding  planes. 

The  foundation  of  the  dam  required  more  or  less  extensive  grouting 
at  three  points,  one  in  the  schist  near  the  west  end  of  the  dam,  one 
at  a  soft  seam  in  the  limestone,  and  the  third  covering  the  entire  east 
side  of  the  gorge. 
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At  the  west  end  of  the  dam  beyond  the  cut-off  trench,  the  mica 
schist  was  found  to  contain  occasional  cross-bedding  seams,  and  the 
area  was  explored  by  a  few  drill  holes,  25  ft.  deep,  which  were  tested 
with  water  under  pressure.  Some  intercommunication  was  found  in 
these  holes,  although  holes  drilled  in  the  bottom  of  the  cut-off  trench 
just  east  of  this  area  were  tight.  The  area  was  treated  by  drilling  two 
lines  of  holes  11  ft.  apart,  with  a  3-ft.  spacing  in  each  line,  and  25  ft. 
deep,  for  a  length  of  40  ft.  along  the  dam.  After  the  masonry  had 
been  placed  to  a  sufficient  height,  the  holes  were  filled  with  grout 
under  pressure. 

At  one  place  a  crush  zone  in  the  limestone  crossed  the  foundation. 
At  the  surface  of  the  rock  it  was  about  15  ft.  wide,  but  it  narrowed 
with  depth.  It  was  followed  down  by  the  cut-off  excavation  until  it 
was  less  than  3  ft.  wide,  and  as  it  was  entirely  filled  with  compact 
material,  further  excavation  was  deemed  to  be  unnecessary.  Holes 
25  ft.  deep  were  drilled  over  the  area,  and  on  testing  with  water  and 
uranium,  those  to  the  west  of  the  seam  were  observed  to  be  more  or 
less  in  communication  with  each  other.  When  the  masonry  in  the 
dum  had  been  placed,  providing  a  cover  of  35  ft.  or  more  in  thickness, 
the  holes  were  grouted. 

On  the  east  side  of  the  gorge,  where  a  disintegrated  zone  was 
found  at  the  contact  between  the  gneiss  and  the  limestone,  more 
extensive  grouting  was  necessary  than  elsewhere.  The  rock  lay  in 
beds  about  2  ft.  thick,  and  when  exposed  the  bedding  planes  opened 
up.  Several  layers  were  excavated  until  fairly  sound  rock  was  reached 
but,  under  exposure  to  the  air  and  summer  heat,  a  further  opening 
of  the  bedding  planes  took  place.  The  excavation  of  the  cut-off  trench. 
v;hich  was  carried  down  to  a  depth  of  40  ft.  below  the  general  level 
of  the  excavation,  had  shown  that  several  seams  in  the  rock  were  open 
and  water-bearing. 

Holes,  25  ft.  deep  and  about  25  ft.  apart,  were  drilled  normal  to 
the  inclination  of  the  strata,  and  2-in.  pipes  were  fitted  into  them 
and  extended  up  through  the  masonry.  Two  rows  of  holes  were  also 
drilled  in  the  bottom  of  the  cut-off  trench  near  the  sides,  about  15  ft. 
apart,  longitudinally.  The  tops  of  the  lower  holes  in  the  gorge  were 
at  about  Elevation  65,  and  as  they  were  not  grouted  until  the  concrete 
had  reached  Elevation  102,  the  grout  pipes  were  in  some  cases  125  ft. 
in  length. 
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Pressure  tests,  using  water  colored  with  uranium,  were  made  on 
each  hole  to  determine  the  influence  on  the  other  holes.  As  a  result 
of  the  tests,  it  was  concluded  tliat  the  cut-off  trench  effectively  inter- 
cepted the  more  open  seams,  and  that  the  grout  pipes  could  be  divided 
into  three  groups:  First,  the  holes  up  stream  from  the  cut-off  trench, 
where  they  all  appeared  to  connect  freely  with  each  other;  second,  the 
holes  in  the  cut-off  trench  which  evidently  penetrated  a  region  not 
reached  by  the  others;  and,  third,  all  the  holes  down  stream  from  the 
cut-off  trench,  which  were  evidently  quite  freely  intercommunicative. 

In  grouting,  each  of  the  three  groups  was  treated  separately. 
Usually,  the  pipe  which  took  water  most  freely  was  the  first  to  be 
grouted.  As  the  grout  appeared  in  other  pipes,  they  were  capped,  and 
tlie  pressure  continued  until  the  hole  refused  to  take  more  grout. 
Then  the  pipe  was  capped,  and  connection  was  made  to  another  pipe, 
the  uppermost  pipe  being  left  open  for  a  vent.  Eventually,  all  the 
pipes  were  filled  with  grout,  capped,  and  left  embedded  in  the  dam 
m.asonry.  With  the  reservoir  full  for  two  years,  there  has  been  no 
indication  of  any  leakage  on  the  down-stream  side  of  the  dam. 

Miscellaneous  Grouting. 

Mortar  Lining  Inside  of  Large  Steel  Pipes. — Steel  pipe  siphons 
were  used  for  crossing  valleys  along  the  line  of  the  aqueduct  where 
the  rock  was  not  sound  or  where,  for  other  reasons,  pressure  tunnels 
would  be  impracticable.  The  steel  pipes  vary  from  9  ft.  6  in.  to  11  ft. 
2  in.  in  diameter,  and  are  lined  with  2  in.  of  cement  mortar,  enveloped 
v.ith  concrete,  and  covered  with  an  earth  embankment. 

The  mortar  lining  was  placed  in  two  operations  (see  Fig.  12) : 
First,  an  invert  about  8  ft.  wide  was  placed  in  the  bottom  of  the  pipe, 
using  a  1 :  2  mortar  and  finishing  with  a  screed  board  and  trowel ;  and, 
second,  the  portion  above  the  invert  was  lined  by  using  a  wooden  form 
built  up  of  curved  panels  inside  the  pipe,  and  pouring  grout  from  the 
surface  of  the  ground  through  vertical  2-in.  pipes  screwed  to  the  top  of 
the  pipe  at  15-ft.  intervals,  one  pipe  being  used  to  grout  a  15-ft.  section 
and  the  next  for  a  vent. 

The  grout  was  mixed  by  hand  on  the  surface  in  boxes  arranged  so 
that  one  batch  would  be  mixed  while  the  other  was  discharged.  The 
grout  was  poured  through  the  pipe  screwed  into  the  lower  hole,  until 
it  ran  out  of  the  4-ft.  riser  inserted  in  the  upper  hole.     The  pouring 
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v.as  continued  for  some  time  to  allow  the  air  to  escape.  This  method 
permitted  the  discharge  of  the  surplus  water  and  laitance,  and  effec- 
tively took  care  of  any  shrinkage.  The  grout  for  the  portion  between 
the  invert  and  the  springing  line  was  mixed  1 :1,  while,  for  the  portion 
above  the  springing  line,  a  1 :2  mixture  was  used. 

In  one  of  the  siphons,  the  mortar  lining  was  placed  by  the  cement 
gun,  without  the  use  of  forms.  The  apparatus  consisted  of  a  double 
tank  with  air-tight  bulkheads  and  a  revolving  feed  for  sand  and 
cement.  The  mixture  was  discharged  by  air  under  40  lb.  pressure 
through  a  rubber  hose.  As  the  mixture  reached  the  nozzle,  it  came 
in  contact  with  water  discharged  through  another  hose,  and  the  com- 
bined spray  was  discharged  with  great  force  against  the  inside  surface 
of  the  steel  pipe.  Although  the  results  obtained  with  the  cement  gun 
were  satisfactory,  it  was  not  found  to  be  well  adapted  for  the  work 
and  was  not  used  subsequently  in  the  other  siphons. 

Grouting  Expansion  Joints  in  Cut-and-Cover  Aqueduct. — The 
concrete  in  the  arch  of  the  cut-and-cover  aqueduct  was  placed  in 
lengths  of  30,  45,  60,  and  75  ft.  The  vertical  expansion  joints  at  the 
ends  of  the  arch  sections  were  formed  either  by  tongue-and-groove 
joints  cast  in  the  concrete,  or  by  steel  plates.  Owing  to  temperature 
changes,  these  joints  opened  up  in  cold  weather,  the  width  of  the 
openings  varying  from  about  ^\  to  ^  in.,  depending  on  the  tem- 
perature of  the  air  and  on  the  length  of  the  arch  sections.  Hydro- 
static tests,  made  by  filling  portions  of  the  aqueduct,  showed  that 
neither  the  tongue-and-groove  nor  the  steel-plate  expansion  joints  were 
tight  against  outward  leakage  in  all  cases.  After  some  experiments 
and  tests,  it  was  decided  that  the  most  effective  method  of  making 
the  joints  tight  was  to  grout  them  with  cement.  Accordingly,  the 
joints  in  several  miles  of  aqueduct  were  treated  by  grouting  them  in 
the  winter  months  when  they  are  open  the  widest.  Only  the  joints 
that  were  appreciably  open  were  grouted. 

The  following  method  of  grouting  was  found  to  be  successful  on 
cue  section  of  the  work.  The  grout  from  a  2-qt.  tin  coffee-pot  was 
poured  into  a  small  tin  funnel  and  through  a  J-in.  rubber  tubing, 
about  12  in.  long,  into  the  joint.  The  joints  were  usually  raked  out 
in  advance  of  the  grouting,  using  a  12-in.  pruning  saw  having  very 
coarse  teeth  on  one  edge.     The  grout  was  poured  near  the  top  of  the 
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joint,  from  the  inside  of  the  aqueduct,  the  leakage  of  grout  into  the 
aqueduct  being  stopped  by  caulking  the  joint,  usually  with  oakum. 

Where  the  joints  were  wet,  on  account  of  inward  leakage  due  to 
ground-water,  it  was  necessary  to  grout  them  by  pressure,  using  a 
Douglas  hand  pump  for  this  purpose.  They  were  first  drilled  by 
hand  at  convenient  points,  and  into  the  holes  were  inserted  |-in.  pipe 
nipples,  6  in.  long,  threaded  at  one  end.  The  nipples  were  caulked 
into  the  joints  with  lead  wool,  and  the  inside  edges  of  the  joints  were 
also  caulked  with  the  same  material. 

The  mix  generally  used  for  grout  poured  into  place  was  5  parts  of 
cpment  to  8  parts  of  water  by  volume.  This  consistency  was  found 
to  be  a  little  too  thick  for  the  hand  pump  and,  for  the  wet  joints,  a 
mix  consisting  of  3  parts  of  cement  to  8  parts  of  water  was  used. 
The  grouting  was  very  effective  in  making  the  joints  tight  against 
leakage. 

Grouting  Caving  Ground  in  the  Grade  Tunnel. — In  driving  one 
of  the  headings  of  the  Reynolds  Hill  Tunnel,-  several  slips  occurred, 
and,  in  a  15-ft.  stretch,  the  timbering  was  badly  distorted  by  the  slide. 
In  order  to  excavate  safely  the  bench  through  this  section,  the  space 
outside  the  timbering  which  had  previously  been  dry  packed,  was 
grouted.  Concrete  was  first  placed  back  of  the  timbering  for  a  height 
of  about  4  ft.  above  the  wall-plates  and,  at  each  end  of  the  section, 
concrete  cut-off  walls  were  built  as  high  as  possible  between  the  lagging 
and  the  rock,  the  closures  being  made  with  brick  masonry.  The  dry- 
packed  space  over  the  arch  between  the  cut-off  walls  was  then  grouted 
by  a  tank  grouting  machine.  More  than  30  cu.  yd.  of  1 :1  grout  were 
placed.  No  trouble  was  experienced  subsequently  in  excavating  the 
bench  through  this  section. 

Grouting  in  Tunnel  Where  Concrete  Lining  Had  Disintegrated. — 
Some  time  after  it  was  placed,  the  concrete  lining  in  a  portion  of  the 
Eastview  Grade  Tunnel  was  found  to  be  undergoing  a  progressive, 
slow  disintegration,  caused  by  the  infiltration  of  the  surrounding 
ground-water  which  contained  certain  chemical  elements  injurious  to 
concrete.  The  portion  of  the  tunnel  affected,  a  stretch  of  about  1  700 
ft.,  was  relined  with  brick  12  in.  thick. 

To  take  care  of  the  water  seeping  through  the  concrete  lining, 
sheets  of  steel  were  used  throughout  the  side- walls  and  arch  of  the 
lined   section,   and   kept   uniformly   away   from   the   concrete   face  by 
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ordinary  spruce  plaster  lathe,  to  provide  drainage  and  grouting  space. 
Before  the  brick  lining  was  placed,  a  bituminous  water-proofing  fabric 
was  deposited  on  the  sheet  metal  water-stop  and  on  the  invert  concrete. 
Along  the  center  line  of  the  invert,  in  the  lined  section,  a  4-in.  tile 
pipe  was  laid  with  open  joints  to  receive  the  drainage  water.  Trans- 
verse drainage  grooves  cut  in  the  invert  conveyed  the  water  from 
behind  the  metal  stop  to  the  center  line  drain.  This  drain  was  pro- 
vided with  2-in.  pipes,  12  in.  long,  extending  up  through  the  brick 
lining  on  the  invert.  Before  grouting  the  space  behind  the  water-stop, 
this  drain  and  the  connecting  grooves  were  pumped  full  of  grout, 
connections  being  made  to  the  2-in.  pipes  in  the  invert. 

For  grouting  between  the  metal  stop  and  the  original  concrete 
lining,  2-in.  pipes  were  set,  extending  through  the  brick  work  at  three 
levels  on  both  sides  of  the  tunnel.  The  grouting  was  done  in  successive 
upward  stages,  grout  being  supplied  to  the  lower  middle  and  upper 
level  of  pipes  until  it  appeared  at  the  next  higher  level,  each  stage 
covering  the  entire  length  of  lined  section  before  the  next  stage  was 
begun.  A  Douglas  hand  pump  was  used  to  place  the  1 :1  grout  which 
was  mixed  in  boxes  carried  on  flat  cars  and  stirred  continually  while 
being  used.  On  account  of  the  hydrostatic  pressure  behind  the  brick 
lining,  the  side-walls  were  braced  throughout  the  length  of  the  lining 
during  grouting,  with  4  by  6-in.  struts,  spaced  5  ft.  on  centers,  and 
wedged  in  place. 

In  addition  to  relining  a  portion  of  the  tunnel  with  brick,  addi- 
tional precautions  against  the  disintegrating  effect  of  the  ground- 
water were  taken  by  grouting  the  space  above  the  arch  for  the  entire 
length  of  the  tunnel,  about  1  mile.  This  space  in  the  roof  between 
the  concrete  and  the  rock  had  been  partly  dry  packed  at  the  time  the 
concrete  lining  was  originally  placed. 

The  grout  pipes  were  li  in.  in  diameter,  provided  with  couplings 
at  their  ends,  and  placed  in  holes  drilled  through  the  concrete.  A 
pair  of  pipes,  one  a  grout  and  the  other  a  vent  pipe,  was  placed 
through  the  arch  concrete  at  intervals  of  about  50  ft.  The  inner  ends 
of  all  pipes  were  wrapped  smoothly  with  cotton  cloth  in  order  to  make 
them  fit  tightly  in  the  holes,  and  were  driven  in  place  by  a  sledge- 
hammer. 

The  grout,  consisting  of  1  bag  of  cement,  1  bag  of  sand,  and 
usually  12  gal.  of  water,  was  placed  by  means  of  a  CannifF  tank,  the 
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grout  being  forced  in  to  refusal  under  about  90  lb.  pressure.     The 
quantity  of  grout  placed  averaged  i  cu.  yd.  per  lin.  ft.  of  tunnel. 

General   Conclusions   in  Eegard   to    Grouting. 

The  experience  in  the  grouting  operations  in  connection  with  the 
Catskill  Water-Works,  showed  that  grouting  is  very  effective  for 
backing  up,  and  filling  the  spaces  behind,  tunnel  linings.  A  mixture 
consisting  of  1  bag  of  cement,  1  bag  of  sand,  and  from  6  to  8  gal.  of 
water,  was  found  to  be  well  adapted  for  this  purpose.  The  air  pressure 
should  not  be  greater  than  is  necessary  to  force  the  grout  into  place. 
The  pressures  actually  used  varied  from  30  to  90  lb.  per  sq.  in.  To 
complete  the  filling  of  the  voids  between  the  tunnel  lining  and  the 
rock,  particularly  in  the  high  places  in  the  roof  adjacent  to  the  "vent" 
pipes,  air  pressures  up  to  300  lb.  per  sq.  in.  and  neat  cement  grout 
were  used. 

Good  results  were  obtained  in  cutting  off  the  leakage  of  water  into 
the  tunnels  by  grouting  the  water-bearing  seams.  For  this  purpose, 
it  is  essential  to  control  the  inflowing  water  by  collecting  it  behind 
drip-pans  or  a  steel  shell,  and  draining  it  by  pipes  through  which 
the  grout  is  subsequently  forced  into  the  seams.  Neat  cement 
grout,  about  6  gal.  of  water  to  1  bag  of  cement,  was  found  to  be 
effective  for  this  purpose.  For  fine  openings  a  very  thin  mix  must  be 
used  in  order  to  obtain  good  results.  The  pressures  should  be  sufficient 
to  overcome  the  ground-water  head  and  force  the  grout  into  the  rock. 

In  sinking  wet  shafts,  grouting  was  successful  in  cutting  off 
leakage.  The  best  results  were  obtained  by  alternately  drilling  and 
grouting,  using  holes  about  10  to  15  ft.  deep  in  the  bottom  of  the 
shaft.  The  consistency  of  the  grout  should  be  adjusted  to  the  size 
of  the  seams.  In  some  cases,  a  little  addition  of  bran,  oats,  etc.,  to 
the  neat  cement  grout  will  aid  in  plugging  the  crevices  in  the  rock. 

The  results  obtained  in  treating  the  foundations  of  dams  and  in 
cutting  off  leakage  underneath  the  dikes  by  drilling  holes  and  grouting 
the  rock  seams  under  the  dam  structures  were  satisfactory.  It  is 
desirable  in  such  cases  to  explore  the  rock  under  the  dams  thoroughly 
by  diamond  drill  borings  for  the  purpose  of  locating  weak  zones  and 
open  seams.  The  location  of  the  holes  and  method  of  grouting  will 
depend  on  the  natural  conditions  encouintered. 
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In  conclusion,  it  should  be  stated  that  the  procedure  to  be  adopted 
in  any  grouting  operation  must  take  into  account  all  the  factors  that 
enter  into  the  problem.  No  one  method  is  applicable  to  all  cases. 
The  conditions  encountered  dui*ing  the  grouting  may  make  it  advis- 
able to  modify  the  procedure  materially.  Good  judgment  and  skillful 
adaptation  to  meet  varying  conditions  are  essential  to  a  successful 
conclusion. 

This  paper  was  prepared  at  the  suggestion  of  the  Chief  Engineer, 
J.  Waldo  Smith,  M.  Am.  Soc.  C.  E.,  to  whom  the  writers  are  indebted 
for  advice  and  many  valuable  suggestions.  Many  of  the  data  were 
obtained  from  reports  and  contributions  by  members  of  the  staff  of 
the  Board  of  Water  Supply  of  New  York  City,  and  the  writers  wish 
to  express  their  appreciation  of  the  assistance  given  them,  particularly 
by  A.  D.  Flinn,  Robert  Ridgway,  G.  G.  Honness  and  M.  H.  Freeman, 
Members,  Am.  Soc.  C.  E.,  L.  White,  Assoc.  M.  Am.  Soc.  C.  E.,  and 
Mr.  L.  B.  Stebbins. 
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Synopsis. 

This  paper  describes  the  most  recently  developed  method  of  trans- 
portation in  the  advance  sector  of  an  army. 

The  organization  and  execution  of  this  work  in  the  American  Army 
was  almost  entirely  in  charge  of  engineers  from  civil  life,  many  of 
whom  were  members  of  the  Society.  The  object  of  this  paper  is  to 
describe  their  activities  and  to  present  to  the  Profession  one  feature 
of  the  many  engineering  works  that  were  executed  so  successfully  by 
the  Americans  in  France. 


The  following  notes  are  the  results  of  the  writer's  experience  and 
observation  in  the  construction  and  operation  of  "Light  Railways" 
while  acting  as  Major  of  the  Twelfth  Engineers  (Railway),  U.  S.  A., 
assigned  to  the  British  Army,  and  serving  on  the  Picardy  front  (see 
Fig.  1)  from  August  21st  to  October  27th,  1917,  and  from  that  time 
until  December  16th,  1918,  as  Chief  Engineer  of  the  Department  of 
Light  Railways  of  the  American  Expeditionary  Forces. 

The  "Light  Railway"  was  a  development  of  the  great  war,  and  was 
gradually  extended  in  scope  and  importance  until,  at  the  close  of  hos- 

NOTB. — These  papers  are  issued  before  the  date  set  for  presentation  and  discus- 
sion. Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting, 
and  may  be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will 
be  published  in  a  subsequent  number  of  Proceedings,  and,  when  finally  closed,  the 
papers,  with  discussion  in  full,  will  be  published  in  Transactions. 
*  Formerly  Lt.-Col.,  Engineers,  U.  S.  A.,  St.  Louis,  Mo. 


82 


LIGHT   RAILWAYS   OF   THE   BATTLE   FRONT 


[Papers. 


tilities,  the  mileage  of  the  lines  ran  into  the  thousands.  These  railways 
were  among  the  principal  agencies  of  transportation,  having  been, 
in  fact,  the  link  between  the  standard-gauge  lines  and  the  trenches. 
It  was  found  by  the  British,  in  1916,  that  the  transportation  of 
supplies,  necessary  for  the  dense  concentration  of  men  at  the  front, 
could  not  be  accomplished  satisfactorily  on  the  highways,  and  that 
some  supplementary  means   of  conveyance  were  necessary;   therefore, 


orders  were  given  for  the  development  of  a  comprehensive  system  of 
"Light  Railways"  for  the  following  primary  reasons: 

1st. — To  relieve  the  highways  of  traffic.  In  addition  to  the  wear 
and  tear  on  motor  transport  and  the  excessive  use  of  gaso- 
line, the  wear  on  the  roads  was  leading  to  a  heavy  traffic  in 
road  material,  so  that  a  large  part  of  the  traffic  hauled  by 
motor  trucks  was  road  material   (crushed  stone  or  gravel) 
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to  repair  the  damage  which  their  own  traffic  was  creating; 

and,  consequently,  there  would  be  a  great  saving  in  labor  in 

maintaining  the  roads  if  other  means  of  transportation  were 

developed. 
2d. — To  assist  in  a  rapid  advance  over  shell-torn  areas  when  the 

roads  were  useless  for  motor  transport  and  little  better  for 

horse   transport, 
3d. — To  convey  road  material  for  the  rapid  repair  of  roads  in  the 

destroyed  zones. 
4th. — To  reduce  manual  labor  at  the  front. 


The  lines  were  developed  so  completely  that,  eventually,  nearly 
all  heavy  material  was  transported  by  the  ''Light  Railways",  leaving 
the  highways  clear  for  light,  fast-moving  automobiles,  trucks,  and 
ambulances. 

The  rail-head,  or  terminus,  on  the  standard-gauge  line  was  usually 
8  or  10  miles  back  of  the  front  line — far  enough  to  be  out  of  range  of 
the  enemy's  ordinary  shell  fire.  Between  the  rail-head  and  the  front, 
the  standard-gauge  line  was  generally  destroyed  by  enemy  operations, 
oftentimes  as  he  retreated. 

At  the  rail-head  were  concentrated  the  supplies  for  a  certain  sector, 
consisting  of  ammunition,  rations,  forage,  road  material,  building 
material,  fuel,  barbed  wire,  fence  pickets,  concrete  material,  culvert 
pipe,  plank,  track  material,  tools — in  short,  everything  necessary  for 
the  sustenance  of  troops  and  for  their  means  of  offensive  and  defensive 
operations;  and  it  was  the  function  of  the  "Light  Railways"  to  carry 
these  supplies  to  the  forward  battery  positions  and  front  line  trenches. 

The  lines  were  also  used  in  moving  troops  up  to  the  front,  bringing 
back  the  relieved  troops  to  their  rest  areas  and  the  wounded  from  the 
front,  and  extensive  use  also  was  made  of  these  lines  in  salvage  opera- 
tions. The  extent  to  which  they  were  developed  can  be  readily 
expressed  by  stating  that  for  every  mile  of  front  which  an  army  held, 
there  were  ten  miles  of  light  railway  supplying  it. 

The  gauge  of  track  used  by  all  the  armies  on  the  Western  front, 
including  the  German  Army,  was  60  cm.  (23|  in.),  usually  laid  2  ft.  by 
the  British  and  Americans.  There  was  great  advantage  in  this  uni- 
formity of  gauge,  as  it  permitted  interchange  of  equipment  among  the 
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Allies  and  the  immediate  use  of  the  captured  German  tracks  after 
successful  offensives. 

In  a  general  way,  the  characteristics  of  the  lines  on  the  different 
army  fronts  were  similar.  Grades  of  3%  and  curves  with  a  radius  of 
30  m,  were  freely  used  to  facilitate  rapid  and  easy  construction. 
Embankments  were  made  with  9-ft.  crown  cuts,  with  a  14-ft.  base  at 
sub-grade. 

The  French  track  was  of  built-up  sections,  5  m.  long,  the  rail 
weighing  9  kilos  per  meter,  with  steel  ties,  1  m.  long,  riveted  to  the  rail. 

The  British  used  a  rail  weighing  20  lb.  per  yd.  A  certain  amount 
of  track  was  laid  in  short  sections  bolted  to  steel  ties,  but  the  greater 
part  was  laid  with  rails  at  least  24  ft.  long,  on  wooden  ties,  4  by  6  in, 
by  4  ft.  6  in.,  as  it  was  fomid  that  track  laid  on  wooden  ties  was 
much  more  easily  kept  in  line  and  surface  than  that  laid  on  steel  ties. 

The  American  track  was  generally  constructed  on  wooden  ties,  of 
rail  weighing  25  lb.  per  yd.,  in  30-ft.  lengths.  A  certain  amount  of 
track  in  built-up  sections,  with  a  rail,  5  m.  long  bolted  to  steel  ties, 
was  kept  on  hand  for  use  at  the  extreme  front.  Sections  of  track  in  this 
length  could  be  handled  by  a  squad  of  men  and  coupled  up  without 
making  any  noise,  and  consequently  were  preferable  for  work  near  the 
trenches.     Such  sections  also  had  advantages  when  building  at  night. 

The  German  lines  were  built  with  rail  weighing  about  17  lb.  per  yd. 
on  steel  ties,  bolted  to  the  rails.  They  were  extremely  well  built,  and 
by  reference  to  the  map  (Plate  I)  showing  the  ''Light  Railways" 
on  the  Verdun  and  St.  Mihiel  Sectors,  it  will  be  seen  that  they  had  a 
greater  mileage  than  the  French  and  American  Armies.  Their  exten- 
sive use  of  these  railways  was  due  to  the  fact  that  they  were  short  of 
rubber  tires  and  gasoline,  and  could  not  depend  on  motor  transport  to 
the  extent  that  the  Allies  did;  but  they  were  in  a  position  to  develop 
steam  railway  transportation,  as  they  held  the  coal  and  steel  districts 
of  France  and  Belgium. 

The  Germans  had  one  type  of  built-up  track,  which  had  some  advan- 
tages. One  end  of  the  5-m.  section  had  a  pair  of  bars  with  a  hooked 
projection,  while  the  other  end  had  the  flange  of  the  rail  bent  up.  In 
laying  track,  the  hooked  bar  engaged  the  bent-up  flange  of  the  last  sec- 
tion. This  enabled  the  track  to  be  connected  on  the  grade  with  great 
rapidity  and  without  noise.  Details  of  this  track  are  indicated  in 
Plate  ni. 
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The  speed  with  which  tracks  could  be  constructed  by  the  diflferent 
Allied  armies  was  practically  the  same.  In  September,  1917,  the 
British  stated  that  the  construction  of  1  mile  of  track,  including  ballast- 
ing, required  2  100  man  days  of  labor.  The  "French  Manual  of  Light 
Eailway",  issued  in  April,  1918,  states  that  their  average  had  been  |  m. 
per  man  per  day,  which  is  equivalent  to  2  146  man  days. 

Most  Important  American  Line. 

On  the  American  front,  the  most  important  line,  and  the  best  con- 
structed, was  the  connection  between  the  cerftral  shops  and  storage 
yards  at  Abainville  and  the  front  line  system  at  the  Sorcy  rail-head 
(see  Plate  II),  a  line  18^  miles  long,  on  which  the  average  speed  of  con- 
struction was  2  640  man  days  per  mile.  As  this  line,  together  with  the 
shops  and  yards  at  Abainville,  and  the  Sorcy  rail-head,  was  the  most 
important  light  railway  job  constructed  by  the  American  forces,  and 
as  several  interesting  engineering  problems  were  presented  in  their  con- 
struction, they  will  be  described  in  some  detail. 

When  the  American  troops  first  went  into  the  line  in  the  St.  Mihiel 
Sector,  the  base  from  which  their  supplies  were  drawn  was  Toul.  As 
the  French  had  troops  in  the  line  immediately  east  of  the  Americans, 
and  were  also  using  Toul  as  a  base,  it  became  congested,  and  the 
French  suggested  that  the  Americans  build  an  independent  rail-head  at 
Sorcy,  11  miles  west  of  Toul,  which  was  done.  This  rail-head  had  the 
necessary  facilities  for  transferring  material  from  broad  gauge  to 
narrow  gauge,  and  from  car  to  motor  truck;  also  warehouses,  plat- 
forms, etc.  It  was  regarded  as  very  convenient,  and  represents  a  typical 
lay-out  (see  Plate  II). 

From  this  rail-head  at  Sorcy,  the  American  forces  built  a  60-cm. 
line  to  Cornieville  (5  miles),  where  connection  was  made  with  the 
French  system  of  light  railways  radiating  from  Toul.  They  also  took 
over  the  operation  of  the  French  lines  on  the  west  half  of  the  sector, 
St.  Mihiel-Pont-a-Mousson. 

The  location  for  the  central  shops  and  storage  yards  of  the  "Light 
Railway"  system  was  a  matter  for  careful  deliberation.  Many  sites 
were  examined  and  reported  on,  the  objections  to  most  of  them  having 
been  that  they  were  either  too  close  to  the  front,  too  far  to  the  rear, 
too  far  to  the  left,  or  too  far  to  the  right.  It  was  necessary  to  find  a 
location  that  would  afford  ample  space  for  a  large  yard,  with  standard- 
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gauge  rail  connection,  and  preferably  canal  connection  as  well.  It  was 
desirable  also  to  have  a  location,  at  least,  30  km.  back  of  the  front  line, 
as  prisoners  of  war  could  be  used  if  they  were  kept  back  that  far; 
however,  the  Americans  did  all  their  work  with  their  own  troops. 

Abainville,  2  km.  north  of  Gondrecourt,  was  recommended  by  the 
writer,  in  March,  1918,  as  a  suitable  location  for  shops  and  yards,  which 
recommendation  was  approved.  Subsequent  events  proved  it  to  be  a 
most  desirable  location,  as  it  was  directly  behind  the  St.  Mihiel  and 
Argonne  fronts,  on  which  the  greater  part  of  the  American  operations 
were  conducted.  Abainville  was  35  km.  back  of  the  line,  and  was  not 
within  the  area  usually  bombed  by  the  Germans. 

The  shops  were  designed  for  the  repair  of  ''Light  Railway"  locomo- 
tives and  gasoline  tractors  and  for  the  assembly  and  repair  of  freight 
equipment;  and  the  yards  were  designed  for  the  storage  of  track  and 
bridge  material.  The  whole  plant  covered  an  area  of  116  acres.  The 
track  arrangement  was  such  that  material  coming  up  from  the  ports 
on  standard  gauge  was  unloaded  in  the  storage  yard  and  subsequently 
taken  to  the  front,  as  required,  on  the  "Light  Railways". 

The  shop  buildings  consisted  of  the  Austin  type  of  steel  building, 
and  were  erected  by  the  American  troops  under  the  direction  of  a 
superintendent  of  the  Austin  Company,  who  had  been  sent  over  for 
that  purpose.  The  buildings  were  of  steel  framework,  boarded  in  with 
lumber  obtained  in  France.  The  roof  was  boards  covered  with  pre- 
pared roofing.  The  buildings  w^ere  generally  40  ft.  wide,  200  ft.  long, 
and  included  an  erecting  shop,  machine  shop,  gas-engine  and  auto 
repair  shop,  planing  mill,  two  storehouses,  car  shop,  foundry,  black- 
smith shop,  power-house,  and  oil  house. 

Skillful  Location  Required. 

In  the  construction  of  the  line  leading  from  these  shops  to  the 
Sorcy  rail-head,  it  was  stipulated  by  the  French  authorities,  that  there 
should  be  no  grade  crossings  of  the  standard-gauge  railways  and  no 
interference  with  navigation  on  the  canals.  These  requirements  neces- 
sitated skillful  location. 

The  line  was  projected  on  the  French  standard  contour  maps  1  to 
20  000,  a  study  of  which  showed  the  feasibility  of  a  line  with  grades 
not  to  exceed  3  per  cent.  An  examination  of  the  route  showed  that 
the  necessary  crossings  of  standard-gauge  tracks  could  be  made  under 
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Fig.   2. — Lift  Bridge  Over  Canal  at  Void   (Medse). 


Fig.   3. — Lift  Bridge  Over  Canal  at  Void   (Meuse). 
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Pig.   4. — Lift  Bridge  Over  Canal  at  Void  (Meuse). 
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i;  iHi:mix   UK  Fer  de  l'Est,  at  Sorcy   (Meuse). 
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Pig.   6. — Bridge  Over  Chemin  de  Fer  de  l'Est,  at  Sorcy   (Meuse). 


Fig.   7. — Bridge  Over  Chemin  de  Fer  de  l'Est,  at  Sorcy   (Meuse). 
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Fig.  8. — Bridge  Over  Meuse  River  Near  Void. 


Fig.  9. — Crossing  Under  Chemin  de  Fer  de  l'Est  near  Void. 
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the  main  line  viaducts  or  through  large  culvert  openings.  These  points 
were  selected  as  the  governing  conditions  of  the  location,  and  the  line 
was  run  accordingly.  It  was  found  that  the  French  maps  were 
extremely  accurate — the  summit  elevations  checked  out  exactly — the 
grade  line  and  work  was  just  what  was  expected. 

It  was  necessary  to  cross  the  Marne-Rhine  Canal  at  Void.  The 
limited  room  for  the  60-em.  line  in  this  town  necessitated  crossing  the 
canal  at  an  angle  of  68°,  requiring  a  span  of  about  28  ft.  to  preserve 
the  standard  6-m.  width  of  waterway  at  right  angles.  Fortunately,  the 
American  engineers  had  some  bridge  stringers  8  by  16  by  28  ft.,  which 
had  been  sent  over  from  the  United  States.  The  writer  designed  a 
counterweighted  lift  bridge  (see  Figs.  2,  3,  and  4)  with  this  material, 
which  could  be  operated  by  one  man.  This  proved  so  successful,  that  a 
standard  plan  was  made  for  lift  bridges,  and  as  it  was  expected  that 
most  of  the  canal  crossings  could  be  constructed  at  right  angles,  a  com- 
plete bridge  was  built  and  kept  in  reserve,  the  details  for  which  are 
shown  in  Plate  IV. 

At  Sorcy,  it  was  necessary  to  cross  the  main  line  of  the  Chemin 
de  Fer  de  I'Est,  and  as  it  was  near  the  junction  of  the  line  from  Gondre- 
court  with  the  main  line,  four  main  line  tracks  were  crossed  (see  Figs. 
5,  6,  and  7).  The  railway  at  this  place  crossed  over  the  canal,  and  the 
60-cm.  line  was  located  to  cross  the  standard-gauge  tracks  and  canal 
at  the  same  place.  Fortunately,  this  crossing  occurred  in  a  cut.  so  that 
the  line  could  be  carried  across  with  the  minimum  of  bridging. 

No  girders  or  spans  were  available  for  this  crossing,  and  it  was  nec- 
essary to  design  and  build  a  bridge  with  the  available  material.  It 
was  found  that  two  deck  Howe  trusses,  with  a  few  bents  of  trestle 
approach,  would  fit  the  conditions,  give  the  necessary  clearances,  and 
would  be  the  most  practicable  type  of  structure.  These  trusses  were 
built  of  5  by  10-in.  road  plank,  and  each  truss  weighed  about  4J  tons. 
There  was  a  locomotive  crane  working  in  the  yard,  which  could  lift  5 
tons,  so  that  after  the  bents  were  erected,  the  trusses  were  picked  up 
by  the  crane  and  set  in  place  in  a  few  minutes.  The  whole  bridge  was 
framed  and  erected  in  five  days,  with  no  interference  or  delay  to  the 
traffic  on  the  standard-gauge  lines. 

The  Meuse  River  was  also  crossed  by  this  line.  At  the  place  of 
crossing  the  stream  was  125  ft.  wide,  with  14  ft.  of  water,  and  had  very 
little  current.    Pile  trestles  were  used  in  this  case,  as  shown  by  Fig,  8. 
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The  main  line  of  the  Chemin  de  Fer  de  I'Est  was  crossed  in  the  Meuse 
River  bottom  through  an  overflow  relief  opening.  A  view  of  this 
structure  is  shown  in  Fig.  9,  wJiich  is  a  good  example  of  the  splendid, 
beautiful,  masonry  structures  which  one  sees  everywhere  on  the  French 
railways. 

The  types  of  engines  and  cars  used  on  these  railways  are  shown 
herewith.  The  Baldwin  engine  would  handle  60  tons  of  freight  up  a  3% 
grade.  The  steam  locomotives  were  not  used  up  to  the  point  where  their 
smoke  and  steam  would  betray  their  presence  to  the  enemy;  some  little 
distance  back  from  the  front  lines  they  would  be  cut  oif,  and  the  cars 
were  handled  to  the  extreme  front  by  gas  engine.  The  operating  rules 
were  extremely  simple,  and  dispatching  was  done  by  telephone. 


FRENCH  DOUBLE  END  STEAM  LOCOMOTIVE 

FOR  LIGHT  RAILWAY 

MODEL  1838 

TABLE  1 — A.  E.  F.  Light  Railway  Freight  Cars. 


Box, 

covered. 

Box. 
open  top. 

Gondola. 

Flat. 

Dump  V 
shape. 

Tank. 

Capacity ] 

Weight 

600  cu.  ft. 
23  000  lb. 
10  900  lb. 
19  ft.  lOin. 
5  ft.  5  in. 
5  ft.  8  in. 
24  ft.  114  in. 
6ft.6>4in. 

8  ft.  4%  in. 

2ft.4i4in. 
17  in. 
3  ft. 

15  ft. 

15%  in. 



210  cu.  ft. 
23  000  lb. 
9  000  lb. 
19  ft.  8M  in. 
5  ft.  8  in. 

2  ft. 

24  ft.  m  in. 
5  ft.  7  in. 

4  ft.  4^  in. 

2  ft.  414  in. 
17  in. 

3  ft. 

15  ft. 
\5%  in. 

-[32  000  1b. 

8  000  lb. 
22  ft.  1  in. 
5  ft.  3  in. 
5  ft.  7  in. 
24  ft.  m  in- 
5  ft.  7  in. 

27  cu.  ft. 

1  0501b. 
5  ft.  8  in. 
4  ft.  8  in. 

2  000  gal. 
12  200  lb. 

Length,  inside 

Width,  inside 

Height,  inside 

Length,  over  coupler 

Width,  overall 

Height,    over     all  1 

19  ft.  5^i\n. 
5  ft.  ^iu. 

6  ft.  9  in. 
4  ft.  8%  in. 

4  ft.  5  in. 

Sift.  lJ4in. 
5  ft.  7  in. 

from  rail ) 

Height,  to  floor 

Height  of  coupler... 
Wheel  base,  truck . . 
Distance,  C.  to  G.  1 

2  ft.  414  in. 
17  in. 
3  ft. 

15  ft. 

15?4  in. 

2  ft.  414  in. 
17  in. 
3  ft. 

15  ft. 

17  in. 
24  in. 

trucks ( 

Diameter  of  wheels. 

14  in. 

15^  in. 
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A.  E.  F.  Light  Railway  Steam  Locomotive. 

'  3 


^HOOO     ry4 


Type 2-6-2 

Gauge 231  in.  (60  cm.) 

Working  pressure 1Y8   lb.  sq.   in. 

Curve,  minimum  radius 65  ft.  7|  in.  (20  m.) 

Driving  wheel  base 5  ft.  10  in. 

Total  wheel  base 15  ft.  7  in. 

Length  between  couplers 21  ft.  7  in. 

Height  of  coupler,  rail  to  center  line 16^  in. 

Width,  maximum ' 6  ft.  5  in. 

Height,  maximum  above  rail 9  ft.  3  in. 

Weight  on  drive  wheels 23  500  lb. 

Weight  on  front  truck 5  000  lb. 

Weight  on  rear  truck 5  500  lb. 


Total    34  500  lb. 

Tractive  effort 6  225  lb. 

Hatio  of  adhesion 3.7 

Coal  capacity 1  700  lb. 

Water  capacity 486  gal. 
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A.  E.  F.  Light  Railway  Gas  Locomotive. 


Type 4-wheeled,  4-cylinder,  4-cycle,  vertical,  water-cooled 

Gauge 231  in.  (60  cm.) 

Wheel  base 4  ft.  0  in. 

Horse-power   50 

Fuel  capacity 30  gal. 

Length  over  all 13  ft.  0  in. 

Width  over  all 5  ft.  2  in. 

Height  over  all 8  ft.  5  in. 

Height  of  coupler,  rail  to  center  line 16  in. 

Weight,  total 14  000  lb. 

Transmission 2  sets  of  speed  change  gears 

Draw  bar  pull  )  (    Low  gear,     3  000  lb. 

(Level  track)   ( |    High  gear,  1  500  lb. 

Speed Low  gear,  4  m.  p.  h. ;  high  gear,  8  m.  p.  h. 

Brakes Hand  brakes  to  all  drivers 
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THE  EAST  CANYON  CREEK  DAM 

Discussion* 


Bv  A.  F.  Parker,  M.  Am.  Soc.  C.  E.f 


A.  F.  Parker,:|:  M.  Am.  Soc.  C.  E.  (by  letter). ||— According  to  Mr. 
reports  arch  dams  have  been  built  with  unit  stresses  varying  from  61  ^^'■'^®'' 
tons  per  sq.  ft.,  down  to  10  tons  per  sq.  ft.  They  have  also  been  built 
of  poor  materials  and  have  departed  considerably  from  true  arch  form ; 
but,  notwithstanding,  there  is  no  record  of  failure  of  an  arch  under 
water  pressure.  No  one  knows  how  great  a  loading  from  water  pressure 
is  required  to  break  an  arch,  and,  therefore,  it  is  not  known  where  the 
danger  point  lies  or  how  near  to  it  designs  come. 

All  calculations  to  ascertain  the  strength  of  arch  dams  are  based 
on  theory  and  individual  assumptions  which  vary  according  to  the  ideas 
of  the  designer.  In  other  structures,  the  breaking  point  is  often  known 
and  thus  a  basis  is  established  for  intelligently  applying  a  factor  of 
safety,  but,  in  all  cases,  facts,  demonstrated  by  actual  examples  under 
use,  finally  govern.  Why  not  frankly  admit  that  there  is  no  accurate 
knowledge  of  stresses  in  hydrostatic  arches  and  adopt  the  simple  for- 
mula for  compressive  strength  in  cylinders?  Authorities  do  not  agree 
as  to  the  action  of  any  stress  except  compressive.  It  will  be  found  that, 
for  arches  not  exceeding  a  compressive  stress  of,  say,  25  tons  per  sq. 
ft.,  none  of  the  requirements  imposed  by  the  use  of  numerous  compli- 
cated formulas,  all  based  on  assumptions,  calls  for  any  increase  of 
.dimensions  set  by  the  simple  formula. 

*  Discussion  of  the  paper  by  A.   F.   Parker,   M.  Am.   Soc.   C.   E.,   continued  from 
September,  1919,  Proceedings. 
t  Author's  closure. 
t  Ogden,  Utah. 
II  Received  by  the  Secretary,   December  29th,   1919. 
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Mr.  Why  not  recognize  precedents  established  by  examples  and  adopt  a 

factor  of  safety  based  on  the  actual  compressive  strength  of  the  con- 
crete used?  This  would  be  more  rational  than  to  rely  on  calculations 
based  on  unknown  conditions  which  must  be  guessed  at.  From  the 
published  discussions  of  the  subject,  one  can  only  conclude  that 
designers  have  been  proportioning  arch  dams  by  individual  judgments ; 
or,  that  is  what  it  amounts  to  in  the  end. 

There  is  only  one  rational  way  to  ascertain,  in  advance  of  construc- 
tion, the  strength  of  concrete,  and  that  is  to  fabricate  actual  concrete 
such  as  it  is  intended  to  use,  mould  it  into  test  specimens  of  not  less 
than  10  in.  in  diameter,  so  that  the  specimen  is  as  truly  like  the  con- 
crete that  will  be  produced  on  the  job  as  it  is  possible  to  have  it.  Such 
test  blocks  broken  in  a  compression  machine  of  not  less  than  400  000  lb. 
capacity,  at  30-day  intervals  until  H  months  have  elapsed,  will  give  a 
basis  on  which  to  use  a  factor  of  safety. 

The  writer  is  fully  convinced  that  the  East  Canyon  Creek  Dam 
is  over  conservative  with  its  unit  stress  of  12.5  tons  per  sq.  ft.  A  pro- 
cedure like  the  one  stated  above  would  have  resulted  in  a  imit  stress  of. 
at  least,  25  tons.  It  is  the  writer's  opinion  that  such  a  stress  could 
have  been  safely  used  in  designing  this  dam,  with  a  corresponding 
saving  in  concrete. 

So  long  as  the  rock  on  which  the  arch  is  built  is  as  good  as  the 
concrete  composing  the  arch,  there  is  nothing  to  fear  from  water 
pressure  but  failure  under  compressive  stress.  There  is  nothing  to 
fear  in  an  arch  from  uplift  or  pressure  caused  by  water  finding  access 
to  joints,  just  as  long  as  concrete  weighs  more  than  water.  The 
hydrostatic  pressure  is  completely  balanced  on  and  resisted  by  the 
arch;  this  produces  a  definite  compressive  stress  in  the  concrete  of  the 
arch. 

This  definite  and  balanced  loading  is  wherein  the  arch  dam  differs 
from  other  arches  and  structures.  There  is  no  varying  or  live  load;  so 
it  must  be  that  calculations  have  a  safer  basis  than  in  most  eases.  Ice 
thrust  may  be  guarded  against  by  vertical  reinforcement,  simply  to  dis- 
tribute the  ice  pressure  over  more  of  the  arch,  above  and  below  the  ice. 

The  foregoing  is  prompted  by  reading  Mr.  Godfrey's  discussion* 
and  will  suffice  to  indicate  the  writer's  opinion  of  it. 

Mr.  Fortier's  discussionf  brings  out  some  very  interesting  points. 
The  development  of  the  idea  for  building  a  dam  by  successive  stages  is 
well  done ;  it  must  be  remembered  that  it  is  in  its  adaptability  to  such 
practice  that  the  arch  differs  from  other  forms  of  dams.  The  idea  of 
using  tangent  gravity  structures  at  the  ends  of  the  arch  for  it  to  abut 


*  Proceedings,  Am.  Soc.  C.  E.,  May,  1919,  p.  335. 
t  Proceedings,  Am.  Soc.  C.  E.,  August,  1919,  p.  543. 
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upon  where  the  natural  coiituur  of  the  canj'oii  does  not  admit  of  using  Mr. 
a  full  arch  or,  in  other  words,  when  the  site  does  not  admit  of  the  use 
of  an  entire  arch,  to  form  an  artificial  canyon  of  the  proper  profile 
for  an  arch  by  means  of  these  gravity  sectioned  tangent  ends,  is  well 
illustrated  in  Mr.  Bellamy's  discussion.  It  is  to  be  regretted  that 
Mr.  Fortier  did  not  discuss  the  technical  features  of  the  dam. 

Mr.  Wiley's  discussion*  gives  a  very  interesting  and  instructive 
example  of  the  superior  qualities  of  arch  dams.  It  is  safe  to  say  that 
in  no  other  form  than  an  arch  can  materials  be  made  to  withstand 
such  abuse  as  is  described  in  the  case  of  the  Crowley  Creek  Dam.  It  is 
notable  that  the  unit  stress  reaches  a  maximum  of  440  lb.  per  sq.  in., 
or  more  than  31  tons  per  sq.  ft.  In  spite  of  its  imperfections  and  heavy 
unit  stress,  it  withstood  severe  conditions  of  ice  and  floods.  It  adds 
important  and  convincing  testimony  to  the  increasing  number  of 
examples  of  abuse  of  workmanship  and  heavy  loading  that  arch  dams 
can  stand  up  under. 

In  Mr.  Wiley's  comments  on  shaping  the  abutments  to  radial  lines 
he  states  a  sound  principle,  but,  in  this  case,  the  work  was  carried 
out  in  a  different  way  because  of  peculiar  conditions  that  may  not 
occur  again.  The  design  was  made  contemplating  radial  lines  for  all 
such  joints  and  contact  points. 

It  was  an  oversight  that  the  cost  of  cement  was  not  included  in 
the  cost  of  concrete.  The  figures  were  made  up  from  the  contractor's 
final  estimate  which  did  not  include  the  cement  and  so  it  was  over- 
looked. The  prices  are  all  contract  prices,  and  the  actual  cost  to  the 
contractor  of  the  whole  or  any  item  is  not  known. 

Mr.  Bellamy's  discussionf  shows  an  excellent  example  of  using  an 
arch  for  a  dam  in  a  canyon  too  wide  to  be  filled  entirely  by  the  arch. 
It  is  an  application  of  the  principle  so  well  stated  by  Mr.  Fortier  and 
shows,  at  a  glance,  the  economy  of  cutting  out  the  center  and  most 
c(jstly  portion  of  a  gravity  dam  and  substituting  the  cheaper  arch 
form,  cheaper  because  of  less  material  in  the  structure  and  much 
cheaper  by  reason  of  reduced  excavation  for  the  foundation.  Calcu- 
lating by  the  simple  formula  a  section  100  ft.  below  the  top,  it  is  found 
that  the  unit  stress  from  compression  is  more  than  22  tons  per  sq.  ft. 
Also,  the  concrete  materials  are  said  to  be  poor;  but  still  the  dam  does 
not  fail.  It  is  another  argument  for  the  idea  that  engineers  are  inclined 
to   be  too   conservative  in   building   arch   dams. 

Mr.  Bellamy's  whole  discussion  points  to  the  wisdom,  in  designing 
an  arch  dam,  of  following  the  method  of  testing  materials  previously 
pointed  out.     Tensile  tests  of  briquettes  of  cement  and  standard  sand 


*  Proceedings,  Am.  Soc.  C.  E.,  August,  1919,  p.  549. 

t  Proceedings,  Am.  Soc.  C.  E.,   September,   1919,  p.  625, 
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Mr.  are  only  tests  of  the  cement  to  show  how  it  will  behave  with  sand  in 
■  making  a  mortar.  The  same  kind  of  test  of  cement  mortar  made 
with  other  than  standard  testing  sand  is  only  a  mortar  test,  and  tensile 
at  that.  None  of  such  tests  is  more  than  a  rough,  very  rough,  indication 
of  what  may  be  expected  for  compressive  strength.  The  only  true  test 
is  one  made  on  large  test  blocks  of  the  actual  sizes  and  proportions  of 
the  aggregates  used  in  the  concrete. 
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sewage  treatment  plant  adopted  by  the  Construction  Division  of  the 
Army  for  installation  in  the  Army  camps  and  industrial  plants  during 
the  war,  is  so  radically  different  from  that  ordinarily  encountered  in 
municipal  practice  that  .some  discussion  of  the  principles  underlying 
its  design  and  operation  seems  to  be  warranted. 

Maj.  Doten  has  described  in  a  general  way  the  outstanding  features 
of  the  standard  sewage  tank  and  the  sections  of  the  tank  shown  on  Plate 
IV  of  his  paper  give  the  details  of  the  structure.  It  may  be  said  that 
some  of  the  details,  particularly  the  rectangular  sumps  at  the  bottoms 
of  the  hoppers,  are  not  typical  of  the  standard  design  and  are  not  found 
in  any  of  the  tanks  serving  the  larger  camps.  The  sloping  baffle  at  the 
inlet  end  of  the  tank  is  another  feature  not  typical  of  the  earlier  designs, 
having  been  adopted  as  a  standard  detail  only  after  the  recognition, 
on  the  part  of  the  designing  engineers  of  the  Construction  Division,  of 
the  presence  of  such  large  quantities  of  grease  in  the  sewage,  and  the 
necessity  of  preventing  the  entrance  of  this  material  into  the  tanks. 
The  original  plans  included  vertical  baffles  at  both  the  inlet  and  outlet 
ends,  all  compartments  in  any  one  tank  were  of  equal  dimensions,  the 
slope  of  the  floors  of  the  hoppers  was  much  flatter  than  that  shown  in 
Plate  IV,  and  there  were  no  sumps  under  the  lower  ends  of  the  sludge 
eduction  columns. 

*  Discussion   of  the  paper  by  Leonard   S.   Doten,   M.   Am.   Soc.   C.   E.,   continued 
from  October-November-December,  1919,  Proceedings. 
t  Kansas  City,  Mo. 
t  Received  by  the  Secretary,  December  22d,  1919. 
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Mr.  In  operation,  sewage  enters  the  tank  at  the  water  level  and  is    imme- 

■  diately  deflected  downward  by  the  inclined  baffle.  Particles  of  grease, 
and  debris,  such  as  match  sticks,  fruit  skins,  etc.,  which  float  on  the 
incoming  stream  of  sewage,  are  caught  in  front  of  the  sloping  baffle 
and  may  be  skimmed  off  at  frequent  intervals,  thus  preventing  the 
entrance  of  such  materials  into  the  tanks.  The  downward  flowing 
sewage  passes  under  the  baffle  and  into  the  first  compartment  where, 
owing  to  the  increase  in  area  of  the  flow  section  and  consequent  decrease 
in  the  velocity  of  flow,  the  heavier  particles  of  solid  material  are  de- 
posited. The  lighter  particles  are  carried  on  in  the  current  under  the 
vertical  baffle  at  the  outlet  end  of  the  first  compartment,  over  the  parti- 
tion or  weir  wall  and  into  the  second  compartment,  where  further 
sedimentation  obtains.  The  same  process  is  repeated  in  the  third  and 
fourth  compartments,  the  effluent  collected  over  the  outlet  weir  into 
the  effluent  trough  being  practically  free  from  suspended  or  settleable 
solids.  It  is  the  repetition  of  the  sedimentation  process,  carried  out  in 
four  separate  stages,  which  accomplishes  such  a  remarkable  clarification 
of  the  sewage. 

ilany  data  are  now  available  showing  the  results  of  extended  tests  of 
tanks  in  several  of  the  larger  camps,  indicating  the  high  efficiency  of 
this  type  as  a  sedimentation  tank,  and  it  is  hoped  that  Maj.  Doten  will 
publish  them  before  his  work  in  the  Construction  Division  is  con- 
cluded. 

Coincident  with  the  multi-stage  sedimentation  process  is  the  multi- 
stage sludge  digestion  process  which,  unless  the  liquor  in  the  tank  has 
been  "soured"  by  the  products  of  decomposition  of  grease,  has  proceeded 
to  a  remarkable  extent  in  many  of  the  Construction  Division  sewage 
tanks.  With  the  decomposition  of  organic  solids  and  the  consequent 
evolution  of  gas,  particles  of  organic  material  which  have  been  deposited 
in  the  inlet  compartment  are  comminuted  or  split  up  by  the  pressure  of 
the  gas  generated  within  them.  The  gas  thus  generated  rises  into 
the  liquor  above  the  sludge,  carrying  with  it  partly  digested  particles 
of  sludge.  The  finer  gas-borne  particles  rising  into  the  liquor  are 
caught  in  the  current  of  sewage  and  carried  forward,  either  to  be  re- 
deposited  at  a  point  nearer  the  outlet  end  of  the  compartment  than 
that  from  which  they  were  lifted  from  the  sludge,  or  carried  over  the 
partition  wall  into  the  second  compartment.  The  larger  gas-borne 
particles  ascend  into  the  liquor  above  the  sludge  and  continue  to  rise 
until  the  attached  charge  of  gas  is  liberated  into  the  air,  when  they 
settle  again  to  the  sludge  layer.  This  process  of  comminution  and 
carrying  forward  of  the  partly  digested  solids  continuing  until  the 
larger  solids  have  been  broken  up  into  particles  sufficiently  small  to  be 
carried  by  the  current  over  the  partition  wall  into  the  second  com- 
partment. 
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In  the  second  and  in  each  of  the  succeeding  compartments  the  Mr. 
process  of  comminution,  gas  generation,  and  carrying  forward  of  the 
more  finely  divided  particles  continues,  the  final  effluent  from  the 
tank  being  practically  free  from  settleable  solids,  and  the  sludge 
accumulating  in  the  final  compartment  being  well  digested  and  easily 
dried  on  sludge  filters. 

The  inclined  baffle  at  The  outlet  end  of  the  fourth  compartment  is 
designed  to  deflect  backward  toward  the  center  of  the  compartment  the 
gas-borne  particles  that  rise  from  the  sludge  deposits  near  the  end  of 
the  chamber,  thus  preventing  their  passing  out  with  the  effluent,  even 
at  times  when  the  digestive  action  in  this  chamber  is  progressing  vigor- 
ously. 

The  most  striking  points  of  difference  between  the  municipal  sedi- 
mentation or  digestion  tanks  and  the  standard  Construction  Division 
tank  include  improved  arrangements  for  sludge  withdrawal,  a  separate 
sludge  eduction  pipe  being  provided  in  each  of  the  compartments,  so 
that  sludge  can  be  withdrawn  from  any  compartment ;  by  means  of  the 
sludge  pipes  the  accumulation  of  sludge  in  any  compartment  can  be 
transferred  into  any  other  compartment  for  fiirther  digestion;  and  by 
means  of  the  water  pipe  connection  into  the  sludge  line,  the  sludge 
accumulation  in  any  compartment  can  be  thoroughly  agitated.  These 
features  facilitate  the  operation  of  the  tank,  the  most  important  feature 
from  this  standpoint  being  the  arrangement  of  piping  in  such  a  way 
that  sludge  can  be  transferred  from  one  chamber  to  another.  Although 
the  normal  processes  of  comminution  and  carrying  forward  of  sludge 
particles  tend  to  effect  a  restoration  of  sludge-storing  capacity  in  the 
inlet  compartments  of  the  tank,  it  sometimes  happens  that,  in  periods 
of  excessive  sewage  flow,  or  at  times  when  the  digestive  action  in  the 
inlet  compartment  is  weak,  the  accumulation  of  sludge  in  this  chamber 
becomes  excessive,  and  it  is  necessary  to  relieve  the  condition  by  trans- 
ferring the  sludge  to  one  or  more  of  the  other  compartments. 

Important  differences  exist  between  the  secondary  treatment  units 
and  the  auxiliary  structures  of  the  Army  sewage  plants  and  those  of 
a  similar  type  found  in  municipal  sewage  plants.  The  dosing  tanks 
for  all  plants  constructed  in  1918  were  designed  for  a  holding  capacity 
equal  to  the  discharging  capacity  of  the  filter  nozzles  for  1  min.,  thus 
providing  a  maximum  length  of  dosing  period  not  exceeding  li  min., 
at  maximum  rate  of  sewage  flow.  Several  of  the  dosing  tanks  con- 
structed in  1917  were  altered  during  191S,  their  capacity  being  reduced 
to  this  basis,  a  remarkable  improvement  in  the  filter  effluent  following 
each  such  alteration.  Sprinkling  filters  were  designed  during  1918 
with  an  effective  depth  of  5  ft.,  and  with  the  exception  of  a  few  small 
ones  treating  sewage  from  Army  hospitals,  no  filters  were  constructed 
of  a  depth  greater  than  6  ft.  The  areas  of  the  filters  were  designed 
on  the  basis  of  treating  the  sewage  from  30  000  persons  per  acre  of 
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Mr.      filter,  which  is  approximately  equivalent  to  a  sewage  flow  per  acre  per 
^'■°''°-  day  of  2  000  000  gal. 

The  sludge  filters,  or  drying  beds,  were  much  shallower  than  are 
most  municipal  structures  of  this  type,  the  total  average  depth  of  the 
filtering  material  being  15  in.,  made  up  of  12  in.  of  crushed  stone  and 
3  in.  of  sand.  The  filters  for  sludge  drying  were  not  provided  with 
concrete  floors,  nor  were  the  inner  slopes  of  the  embankments  paved. 
The  under-drains  consisted  of  vitrified  sewer  pipe  laid  in  the  depres- 
sions of  the  subgrade,  each  under-drain  serving  an  area  approximately 
10  ft.  in  width.  In  designing  sludge  filters,  an  area  of  J  sq.  ft.  per 
capita  of  population  served  was  allowed.  This  was  found  to  be  ample; 
in  fact,  in  one  case,  the  sludge  from  the  sewage  tanks  was  dried  with 
no  difiiculty  on  a  very  much  less  area  per  capita  than  that  stated. 

Secondary  settling  tanks  were  provided  in  a  very  small  number  of 
plants.  These  were  designed  with  a  holding  capacity  of  about  4  hour's 
flow  of  sewage.  Where  disinfection  of  sewage  effluent  by  liquid  chlorine 
was  carried  out,  the  secondary  settling  tank  was  provided  with  a  gas- 
tight  concrete  slab  cover,  water-sealed  traps  on  both  inlet  and  effluent 
lines,  and  in  this  tank  the  chlorine  was  applied  to  the  sewage. 

From  January  1st,  1918,  until  March,  1919,  the  writer  visited  in  his 
official  capacity  nearly  all  the  sewage  treatment  plants  installed  by  the 
Construction  Division,  as  well  as  many  plants  installed  by  other  Gov- 
ernment agencies,  and  several  municipal  plants.  Gross  as  has  been 
the  neglect  of  municipal  sewage  treatment  plants — and  every  sanitary 
engineer  knows  that  the  operation  of  most  municipal  plants  has  been 
characterized  by  wanton  neglect — the  Army  sewage  plants  fared  even 
worse.  During  the  latter  part  of  1917  and  the  early  part  of  1918,  no 
definite  military  organization  had  yet  been  formed  which  would  have 
charge  of,  and  direct  the  operation  of,  the  various  camp  utilities  such 
as  the  water  supply  and  distribution  systems,  the  sewerage  and  sewage 
treatment  plants,  etc.  Not  only  was  there  no  skilled  attention  given 
to  these  plants,  but  even  the  most  obvious  needs  were  neglected.  Sewer 
manholes  were  used  as  receptacles  for  cast-off  clothing,  kitchen  garbage, 
and  all  sorts  of  debris ;  screen  chambers,  where  these  had  been  installed, 
were  allowed  to  clog  and  fill  to  overflowing ;  sewage  tanks  were  permitted 
to  fill  with  accumulations  of  sludge  and  scum,  and  no  attempt  was 
made  to  keep  the  nozzles  on  the  sprinkling  filters  clear.  Even  the  most 
casual  inspection  would  have  shown  the  serious  need  of  immediate 
attention.  The  one  or  two  plants,  notably  the  one  at  Camp  Merritt, 
N.  J.,  which  were  operated  by  attendants  who  possessed  some  experi- 
ence in  the  working  of  sewage  plants,  were  able  to  handle  the  suddenly 
varying  and  often  excessive  loads  which  came  on  them  without  any 
serious  difficulty. 

Early  in  the  summer  of  1918,  with  the  organization  of  the  Mainte- 
nance and  Repair  Branch  of  the  Construction  Division,  many  sanitary 
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engineers  were  taken  into  this  branch  of  the  service,  and  placed  in 
charge  of  the  operation  of  the  camp  utilities.  This  arrangement 
brought  about  a  marked  improvement  in  the  methods  of  operation  of 
sewage  plants,  and  in  the  months  immediately  following  its  adoption 
many  of  these  plants  were  quickly  brought  into  a  satisfactory  operating 
condition. 

The  writer  has  read  with  interest  the  discussion  of  Maj.  Doten's 
paper  which  have  been  published  in  recent  numbers  of  Proceedings. 
Some  of  the  opinions  therein  stated  are  apparently  based  on  observa- 
tions made  during  the  spring  and  early  summer  of  1918,  when  nearly 
all  Army  sewage  plants  were  clogged  and  filled  with  grease,  and  in 
many  cases  all  digestive  action  in  the  tanks  had  ceased,  due  to  the 
acidifying  of  the  liquid  resulting  from  decomposition  of  grease,  tip 
to  this  time,  as  previously  mentioned,  no  effort  had  been  made  on  the 
part  of  the  local  camp  authorities  to  protect  the  tanks  from  the  exces- 
sive quantity  of  grease  discharged  into  the  sewers  from  the  camp 
kitchens,  and  the  enormous  amounts  of  debris  and  garbage  which  were 
wantonly  deposited  in  the  sewer  lines.  Under  the  better  conditions 
resulting  from  the  installation  of  efficient  grease  traps  and  coarse  bar 
screens,  and  intelligent  operation,  the  conditions  have  almost  com- 
pletely disappeared. 

The  writer  questions  the  statement  that  efficient  tank  treatment 
may  be  accomplished  by  the  so-called  two-story  tank,  especially  if  such 
a  tank  were  to  be  used  for  the  treatment  of  fresh,  concentrated,  grease- 
laden  camp  sewage.  Reports  of  the  conditions  of  Imhoff  tanks  in 
several  of  the  Army  Aviation  Fields  covering  the  first  half  of  1918  do 
not  indicate  that  any  considerable  success  was  attained  in  their  oper- 
ation. In  fact,  it  was  found  that  these  tanks  were  absolutely  ineffi- 
cient both  as  sedimentation  tanks  and  as  digestion  tanks. 

While  admitting  that  it  is  the  consensus  of  opinion  that  the  effluent 
from  a  septic  taijk  cannot  be  treated  by  processes  of  bacterial  oxidation 
— such  as  filtration  through  trickling  filters — as  advantageously  as  one 
which  is  not  effected  by  the  products  of  decomposition  of  sewage  solids, 
the  writer  believes  that  the  arguments  advanced  in  support  of  this 
opinion  are  academic  in  their  nature,  and  are  not  borne  out  by  facts. 
He  is  of  the  opinion  that  the  results  of  the  series  of  chemical  analyses 
made  by  the  Bureau  of  Chemistry  of  the  Department  of  Agriculture 
on  both  tank  and  filter  effluents  at  the  Fort  Myer  plant,  which  were 
quoted  by  Maj.  Doten,  indicate  the  fallacy  of  this  opinion.  It  would 
appear,  by  logical  deductions  from  the  results  of  these  tests,  that  the 
processes  taking  place  in  the  Fort  Myer  tank  rendered  the  effluent  espe- 
cially susceptible  to  treatment  on  a  trickling  filter.  Maj.  Doten  has 
apparently  reached  a  similar  conclusion  regarding  the  success  attending 
the  treatment  of  the  effluent  from  a  tank  of  the  Construction  Division 
type  on  a  trickling  filter.     Additional  evidence  supporting  this  conclu- 
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Mr.     sion  can  undoubtedly  be  collected  by  a  study  of  existing  records  of 
'  chemical  analyses  of  such  effluents,  and  it  is  hoped  that  Maj.  Doten 
will  present  at  least  a  summary  of  the  data  foimd  in  these  records  before 
the  discussion  of  his  paper  is  concluded. 

Mr.  Lynn  E.  Perry,*  Assoc.  M.   Am.   Soc.   C.   E.    (by  letter).! — The 

first  tank  built  by  the  Construction  Division  of  the  Quartermaster 
Corps  which  the  writer  had  the  good  fortune  to  inspect  was  at  Fort 
Myer,  Ya.  This  was  in  May  and  June,  1917.  When  his  attention 
was  first  drawn  to  it,  it  was  under  construction,  but  was  rapidly 
completed  and  placed  in  operation.  The  writer's  opinion  was  tliat  it 
would  act  as  a  clarification  tank  rather  than  as  a  sludge  digestion 
tank.  Its  remarkable  efficiency  as  a  settling  tank  impressed  him 
forcibly;  especially  as  he  remembers  very  distinctly,  that  the  effluent 
was  turned  on  the  sprinkling  filters  when  they  were  little  more  than 
one-third  filled  with  stone.  At  that  time,  the  effluent  from  the  filters 
flowed  through  a  very  small  ditch  which  showed  no  evidence  of  carry- 
ing an  unstable  flow  during  his  stay  at  Fort  Myer. 

In  discussing  the  design  of  this  tank  with  H.  C.  McRae,  Assoc.  M. 
Am.  Soc.  C.  E.,  at  that  time,  the  writer  did  not  believe  that  the 
advantage  of  the  pyramidal  bottom  was  commensurate  with  its  cost; 
it  was  not  sufficiently  steep  to  force  the  sludge  down,  although  it  was 
too  steep  for  men  to  stand  on  while  cleaning  the  tank. 

After  reading  Maj.  Doten's  paper  and  learning  that  an  attempt 
has  been  made  to  obtain  efficient  digestion  in  these  tanks,  the  idea  has 
occurred  to  the  writer  that  probably  better  results  might  have  been 
obtained  if  the  tanks  had  been  constructed  so  that  the  flow  could  be 
reversed,  horizontally.  This  has  been  done  in  some  recent  designs 
of  Imhoff  tanks  and  although  the  writer  has  not  observed  any  consider- 
able improvement,  a  logical  attem])t,  at  least,  has  been  made  to  help 
the  operator  over  his  difficulties. 

The  writer  cannot  refrain  from  expressing  his  commendation  to 
Maj.  Doten  for  not  adopting  some  form  of  the  Imhoff  tank  as  a 
standard  of  the  Construction  Division.  Due  to  certain  propaganda, 
almost  all  the  laity  and  a  large  percentage  of  engineers  regard  the 
Imhoff  tank  as  a  panacea  for  all  sewage  ills.  Indeed,  it  was  stated 
by  at  least  one  sanitary  engineer,  in  an  address  to  a  convention  of 
Sewage  Plant  Superintendents,  that  in  the  design  of  the  Imhoff  tank 
a  totally  satisfactory  method  of  treating  sewage  had  been  obtained. 
Those  who  have  had  to  do  with  the  operation  of  Imhoff  tanks,  mildly 
speaking,  are  skeptical  of  such  an  assertion. 

Several  series  of  investigations  have  been  conducted  in  an  en- 
deavor to  learn  the  cause  of  "foaming",  or  what  measures  will 'stop  or. 
prevent  "foaming".  These  have  been  almost  fruitless.  One  investi- 
gation seemed  to  indicate  that  when  a  tank  was  placed  in  operation 

•  Easton,  Pa. 

t  Received  by  the  Secretary,  January  2d,  1920. 
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in  the  autumn  or  winter  the  low  temperature  inhibited  the  growth  of  Mr. 
liquefying  bacteria;  the  sludge  became  acid  and  resulted  in  "foam-  ^"^' 
ing".  On  the  other  hand  plants  placed  in  operation  during  the 
spring  or  early  summer  digested  their  sludge  well  before  cold 
weather;  the  sludge  was  highly  alkaline,  sufficiently  so  to  keep 
the  digestive  process  going  until  warm  weather  again  arrived.  The 
number  of  plants  considered  in  this  investigation,  however,  was  small, 
and  mention  of  it  is  made  merely  to  indicate  how  thoroughly  the 
writer  has  gone  into  the  operation  of  Imhoff  tanks  in  an  endeavor  to 
secure  uniformly  satisfactory  results. 

There  has  never  been  sufficient  co-operation  between  the  designers 
and  operators  of  sewage  plants  to  obtain  the  best  results.  It  would 
seem  that  the  Army  proved  no  exception.  Having  been  interested 
from  both  angles,  the  writer  will  not  comment  further. 

Early  in  the  war,  the  writer  was  assigned  to  one  of  the  Aviation 
Fields,  where  the  garbage  problem  was  handled  by  the  duplicate  can 
system.  No  garbage  cans  were  ever  taken  into  the  kitchen;  they  were 
kept  on  a  screen-covered  fly-proof  platform  some  distance  from  the 
kitchen  door.  The  wagons  came  alongside  the  platform,  loaded  the 
full  cans  without  removing  the  covers,  and  hauled  them  away  (in  this 
case  10  miles).  The  cans  were  emptied  there,  scalded  and  rinsed  in 
boiling  water,  and  returned  the  next  day.  The  garbage  was  fed  to 
hogs.  The  entire  process  was  arranged  for  and  inspected  by  the  writer, 
who  was  Sanitary  Inspector. 

The  paper  was  collected  and  delivered  to  the  Quartermaster  who 
looked  after  its  baling  and  disposal.  Although  an  incinerator  was 
provided,  it  was  not  used. 

Each  kitchen  was  supplied  with  a  grease-trap  which  was  cleaned 
every  morning,  the  grease  being  stored  in  barrels  with  fly-proof  covers. 
The  grease  was  afterward  disposed  of  by  the  Quartermaster. 

The  sewage  treatment  plant  consisted  of  septic  tanks,  a  contact 
bed,  and  final  disinfection.  The  twin  septic  tanks  were  covered  and 
had  a  capacity  of  about  8  hours'  flow,  but  due  to  the  fact  that  all  the 
flow  was  during  16  hours  of  the  day,  actual  storage  was  somewhat 
less  than  6  hours  when  the  plant  was  placed  in  operation.  Scum 
rapidly  accumulated  and  reduced  this  storage  to  half,  resulting  in  a 
very  inefficient  arrangement. 

The  contact  bed  was  dosed  by  a  siphon,  but  the  bed  was  very  small 
and  the  dosing  tank  very  large,  which  resulted  in  the  bed  becoming 
full  before  the  dosing  tank  emptied;  some  of  each  dose,  therefore,  was 
only  strained  instead  of  aerated. 

There  was  no  final  settling  or  chlorine  contact  tank;  the  effluent 
from  the  contact  bed  was  dosed  as  it  passed  under  the  chlorinator 
house.  The  chlorinator  was  a  Wallace  and  Tiernan  Type  "A"  Manual 
Control  machine  which  was  designed  for  a  uniform  flow  rather  than 
a  pulsating  flow  from  a  contact  bed. 
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Mr.  The   population    contributing    to    this    plant    was    somewhat    more 

^"^'  than  1  000,  within  10%  of  the  estimated  population.  The  daily  per 
capita  water  consumption  was  approximately  140  gal.,  although  four 
times  that  quantity  was  available  and  the  sewage  plant  was  certainly 
not  designed  for  more  than  40  gal.  The  sewage  plant  was  poorly 
designed  and  indicated  little  or  no  knowledge  of  the  water  supply. 

The  writer  apprehended  operating  difficulties  when  the  plans  were 
shown  him  by  the  Construction  Engineer,  and  took  the  matter  up 
with  Washington  immediately,  but  the  design  was  never  changed. 
Although  the  Construction  Engineer  had  to  build  the  plant  in  accord- 
ance with  plans  and  instructions  from  Washington,  he  secured  per- 
mission to  use  about  1  000  ft.  of  sewer  pipe  for  an  outfall  line  to  carry 
the  plant  effluent  far  enough  away  to  prevent  a  local  nuisance.  As 
this  effluent  flowed  about  five  miles  through  an  open  ditch,  with  almost 
no  dilution,  before  being  discharged  into  the  river,  it  is  plain  that 
some  complaints  would  follow.  There  was  no  complaint,  however, 
while  the  plant  was  under  the  writer's  observation,  but  it  is  seen  that 
operation  difficulties  were  present  in  that : 

1. — Insufficient  sedimentation  was  obtained;  the  sludge  was  not 
digested  and  was  hard  to  handle. 

2. — The  contact  bed  operated  merely  as  a  strainer  (analysis  indi- 
cated that  it  did  no  good  whatever). 

3. — The  chlorinator  and  appurtenances  were  of  the  wrong  type, 
resulting  in  inefficiency. 

No  relief  was  obtainable,  and  the  operator  was  responsible  for  the 
quality  of  tlie  effluent.  This  constitutes  the  writer's  personal  experi- 
ence with  army  sewage  plant  operation  in  the  United  States.  Although 
no  complaints  were  filed  in  this  case,  the  plant  was  far  from  efficient, 
a  fault  for  which  the  operator  was  not  responsible. 

The  experiences  of  a  single  observer  are  far  too  narrow  for  general 
statements;  a  soldier  sees  only  the  details  immediately  before  him, 
and  never  has  an  opportunity  to  obtain  a  knowledge  of  comprehensive 
plans  or  the  difficulties  under  which  the  officer  at  Headquarters  has 
to  contend.  If  based  entirely  on  personal  exjierience  and  observation, 
the  writer's  opinion  concerning  the  activities  of  the  Construction 
Division  would  be  entirely  different  from  the  fair  estimate  that  has 
been  made  possible  by  Maj.  Doten's  paper.  His  experience  was  similar 
to  hundreds  of  other  officers  and,  no  doubt,  the  information  contained 
in  this  paper  will  throw  a  new  light  to  some  of  the  critics  of  the  War 
Department. 


AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

INSTITUTED    1852 


PAPERS  AND  DISCUSSIONS 

This  Society  is  not  responsible  for  any  statement  made  or  opinion  expressed 
in   Its  publications. 


WATEK  SUPPLY  FOR  THE  CAMPS,  CANTONMENTS, 

AND  OTHER  PROJECTS  BUILT  BY  THE 

CONSTRUCTION  DIVISION  OF  THE 

UNITED  STATES  ARMY 

Discussion* 


By  Messrs.  Lynn  E.  Perry  and  Asa  E.  Phillips. 


Lynn  E.  Perry,!  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter).:}: — The  Society    Mr 


is  much  indebted  to  Col.  Maury  for  this  valuable  paper.  Indeed,  the 
country  is  indebted  to  him  and  his  capable  and  patriotic  corps  of  assist- 
ants comprising  the  Construction  Division  of  the  Quartermaster 
Corps. 

Considerable  courage  was  needed  to  adopt  so  low  a  per  capita  daily 
consumption  of  water  as  55  gal.  The  writer  is  positive  that  not  many 
data  were  available  concerning  the  water  consumption  of  a  soldier  as 
contradistinctive  to  a  civilian ;  and  it  could  only  have  been  Col.  Maury's 
extremely  broad  experience  and  ripe  judgment  that  led  him  to  adopt 
so  economical  and,  at  the  same  time,  so  adequate  a  figure. 

The  writer's  experience  with  the  water  problem  at  the  large  can- 
tonments in  the  United  States  has  been  that  of  consumer  only.  He 
was,  however,  for  a  short  time  associated  with  the  Aviation  Section  of 
the  Signal  Corps  at  one  of  the  fields  under  construction.  This  field 
was  designed  for  six  aero  squadrons  and  proportionate  medical  and 
quartermaster  detachments,  a  total  of  about  1018  officers  and  men. 
The  maximum  population  during  the  writer's  stay  was  1  066. 

*  Discussion   of  the   paper  by   Dabney  H.   Maury,   M.  Am.   Soc.   C.   E.,   continued 
from  October-November-December,  1919,  Proceedings. 
t  Easton,  Pa. 
t  Received  by  the  Secretary,  December  8th,   1919. 
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Mr.  The  water  supply  was  lifted  from  four  wells,  about  300  ft.  deep. 

Perry    •  • 

■  into  a  concrete  reservoir;  thence  it  was  pumped  to  a  tank  135  ft.  high. 

Aviation  fields  are  usually  located  on  fairly  level  sites,  and  this  field 

was  no  exception.    A  geological  investigation  indicated  that  the  water 

entered  the  stratum  at  an  outcrop  about  40  miles  north  of  the  field; 

the  quality  was  good. 

During  construction  the  engineer  was  persuaded  to  sink  one  well 
to  a  lower  stratum,  the  quality  of  the  water  from  which  was  known 
to  be  excellent  and  was  being  used  by  a  near-by  large  city.  The  well, 
however,  would  yield  only  about  67  gal.  per  min.  and  was  drawn  to  the 
shallower  stratum,  the  orders  being  to  sink  four  wells  each  yielding 
100  gal.  per  min. 

Thus,  four  wells  were  provided,  each  yielding  100  gal.  per  min., 
or  a  total  capacity  of  more  than  500  000  gal.  per  day,  for  a  population  of 
about  1  000.  Either  well  would  supply  140  gal.  per  capita  per  day 
which,  incidentally,  was  about  the  consumption.  The  entire  system 
was  constructed  of  cast  iron  and  the  tank  was  made  of  steel.  Although 
the  writer  advised  an  emergency  chlorinator,  none  was  provided  during 
his  stay.  During  construction,  when  an  inferior  quality  of  water  was 
being  used,  an  emergency  hypochlorite  plant  had  to  be  provided. 

The  writer's  attention  was  particularly  drawn  to  the  sanitary  pre- 
cautions mentioned  in  the  paper.  He  has  always  been  an  enthusiastic 
advocate  of  emergency  chlorinators,  especially  where  the  water  is  of 
questionable  quality,  and  believes  that  these  were  finally  provided  at 
all  the  cantonments  and  camps  in  this  country. 

The  covering  of  reservoirs  and  tanks  to  prevent  pollution  and  the 
growth  of  algae  is  also  very  important.  The  writer  had  considerable 
difficulty  in  obtaining  materials  for  this  purpose  in  France;  at  least 
one  reservoir,  that  for  Kerhuon  Hospital  Center,  near  Brest,  was 
covered  with  canvas,  after  having  been  in  use  for  about  one  year. 

It  would  be  instructive  and  interesting  to  have  a  discussion  from 
some  one  connected  with  the  Construction  Division  of  the  Signal  Corps, 
in  connection  with  the  experience  and  activities  of  that  body  during 
recent  hostilities.  A  paper  presenting  the  work  of  the  Water  Service 
in  France  would  also  be  timely,  and  the  writer  trusts  that  such  a 
paper  will  be  written. 

Mr.  Asa  E.  Phillips,"^  M.  Am.   Soc.   C.  E.   (by  letter).t — In  the  dis- 

cussion of  this  admirable  paper  on  water  supply  for  camps  and  canton- 
ments, which  only  briefly  outlines  the  great  work  done  by  Col.  Maury 
and  his  staff,  there  should  be  recorded,  with  just  estimate  of  its  para- 
mount value,  the  remarkable  rapidity  with  which  results  were  achieved 
in  completing  and  putting  into  operation  safe,  adequate  and  reliable 

*  Washington,  D.  C. 

t  Received  by  the  Secretary,  December  18th,  1919. 
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water  supply  systems  for  these  extraordinary  military  establishments,     Mr. 
which  results  could  only  have  been  accomplished  by  rare  good  judg-  ^^'"'p^- 
ment,   reinforced   by   instant   decision   and  exceptional   foresight.     In 
reading  this  paper  one  gets  only  a  glimpse  between  the  lines  of  these 
qualities  on  which  the  success  of  this  great  work  depended  so  com- 
pletely. 

Perhaps  one  of  the  war  expressions  that  will  linger  longest  in  the 
minds  of  many  is  "quantity  production" — so  often  a  Utopia  not 
reached  until  after  Armistice  Day.  It  should  be  recorded,  however, 
in  the  annals  of  Engineering,  that  of  all  war  activities  none  approached 
the  great  achievement  of  the  Construction  Division  of  the  War  Depart- 
ment in  instantly  striding  into  quantity  production  from  the  day  the 
organization  was  set  up;  and  this  could  only  have  been  due  to  the 
extraordinary  quality  of  the  personnel  of  the  commissioned  officers  on 
Gen.  Marshall's  staff.  In  the  remarkable  results  achieved.  Col.  Maury 
contributed  much,  and  that  was  of  vital  significance. 

In  many  ways  this  work  on  the  water  supply  for  cantonments  and 
camps  is  of  permanent  value.  The  wide  experience  it  has  given  in  the 
use  of  wood-stave  pipe,  in  standards  of  lay-out  and  construction,  in  safe- 
guarding water  supply,  and  enlightening  work  in  the  way  of  fire  pro- 
tection, has  left  the  leaven  of  sound  practice  in  the  far  reaches  of  the 
country. 

Thus  far,  much  of  the  discussion  on  this  paper  has  been  devoted  to 
consideration  of  the  unit  allowance  of  50  gal.  per  capita  per  day,  and, 
occasionally,  there  occurs  a  lament  at  the  average  per  capita  daily  con- 
sumption of  the  larger  cities.  "One  of  the  greatest  economic  munic- 
ipal crimes  of  the  United  States",  says  P.  H.  Norcross,  M.  Am.  Soc. 
C.  E.,  in  his  discussion,*  "is  the  extravagant  use  of  water.  In  no  city 
is  this  emphasized  more  acutely  than  in  Washington,  D.  C,  where  the 
daily  consumption  runs  as  high  as  150  to  160  gal.  per  capita,  and  where 
practically  60%  of  the  total  water  furnished  is  used  by  Government 
Departments,  for  which  no  direct  charge  is  made.  The  remaining  40%, 
which  is  used  by  the  private  consumer,  bears  the  entire  burden." 

There  is  much  truth  in  what  Mr.  Norcross  says,  and  yet  his  data  set 
forth  the  situation  so  imperfectly  that  it  may  be  well  to  record,  as 
accurately  as  is  now  possible,  some  figures  as  to  water  consumption  at 
Washington.  The  average  daily  consumption  for  the  fiscal  year  ending 
June  30th,  1919,  was  64  428  356  gal.  distributed  about  as  follows : 
Domestic     (dwellings     and     apartments),     88% 

metered    20  000  000  gal. 

Large  private  consumers,  all  metered 12  000  000    " 

Municipal  buildings  and  works 3  500  000    " 

U.   S.  Government 25  000  000    " 

Unaccounted  for 3  900  OOP    " 

*  Proceedings,  Am.  Soc.  C.  E.,  August,  1919,  p.  651. 
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Mr.  rrom  this  it  will  be  seen  that  the  domestic  consumption  is  31% 

"^^'  of  the  total,  large  consumers  19%,  municipal  5%,  and  the  U.  S. 
Government,  40  per  cent.  The  domestic  consumption  is  about  45  gal. 
per  capita,  and  the  total  consumption  about  142  gal.  per  capita. 

The  total  revenue  from  water  rates  for  this  fiscal  year  was 
$782  159.36,  derived  about  as  follows : 

Domestic  (dwellings  and  apartments) $560  000.00 

Large  consumers 222  000.00 

Municipal    None 

U.  S.  Government None 

Thus,  it  is  seen  that  the  domestic  consumers  pay  72%  of  the  total 
tax  for  31%  of  the  water;  the  large  consumers  pay  28%  of  the  tax  for 
19%  of  the  water;  and  the  United  States  pays  nothing  for  40%  of  the 
water. 

Now,  it  is  quite  apparent  from  these  figures  that  Washington  can 
lay  no  claim  to  pre-eminence  in  the  category  of  "municipal  crimes"  of 
this  character.  Whatever  there  may  be  of  undue  usage  of  water,  it 
certainly  cannot  be  charged  to  the  domestic  consumer,  who  modestly 
pays  three-quarters  of  the  tax  and  receives  one-third  of  the  water,  or  to 
the  municipality. 

With  this  unbalanced  adjustment,  if  it  were  not  for  the  revenue 
derived  from  the  large  consumers,  sufficient  funds  would  not  be  avail- 
able to  operate  the  Water  Department,  and,  perhaps,  this  condition  has 
permitted  somewhat  greater  liberality  as  to  usage  by  the  large  private 
consumer,  the  only  other  source  of  revenue,  since  the  United  States 
declines  to  pay  anything.  As  a  tax  on  municipal  use  must  come  from 
the  taxpayer,  and  only  means  taking  money  out  of  one  pocket  to  put 
it  into  another  and  but  little  increase  in  revenue  would  be  had  in  this 
way,  it  presents  small  opportunity  for  relief,  although  doubtless  sound 
in  principle. 

The  only  large  manufacturing  establishments  in  Washington  belong 
to  the  United  States  Government.  Of  these,  the  Naval  Gun  Factory, 
the  Government  Printing  Office,  and  the  Bureau  of  Engraving  and 
Printing  use  about  40%  of  the  total  Government  consumption,  the 
remainder  being  used  in  other  Federal  establishments,  such  as  hospitals, 
laboratories,  and  offices.  Much  of  this  usage  may  well  be  considered 
wasteful,  but  the  total  must  inevitably  be  large. 

Probably  no  other  city  in  the  country  has  a  more  evenly  distributed 
domestic  consumption  throughout  its  population,  so  that  the  average 
daily  domestic  consumption  must  be  considered  to  be  quite  low,  when 
one  takes  into  account  the  character  of  the  population,  as  well  as  the 
physical  characteristics  of  the  National  capital. 
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Norman  E.  Gibson,+  M.  Am.  Soc.  C.  E.  (by  letter). ||— In  closing  the 
discussion  of  his  paper,  the  writer  desires,  first  of  all,  to  make  amends, 
as  far  as  possible,  for  the  injustice  unknowingly  done  to  Mr.  L.  Allievi 
by  the  reference  to  his  formula  on  the  diagrams  and  in  the  text  of  the 
paper.  As  pointed  out  by  Mr.  Halmos,  the  formula  designated  by  the 
writer  as  Allievi's  is  only  one  of  several  contained  in  his  complete 
work.  While  "ignorance  excuseth  none",  the  writer  can  only  plead,  in 
extenuation,  that  he  did  not  read  Allievi's  work,  because  he  could  not 
find  an  English  translation  of  it,  but  was  led  to  believe,  by  the  frequent 
references  to  "Allievi's  formula"  in  English  literature  on  the  subject, 
that  the  formula  quoted  was,  in  fact,  the  one  and  only  equation  derived 
by  Allievi.  The  writer  was  the  more  completely  led  astray  by  a  lengthy 
reference  to  this  formula  in  a  paper  published  in  the  Transactions  of 
the  Society,  from  which  it  could  not  but  be  inferred  that  the  author 
had  read  the  work  of  Allievi  in  the  original  language.  It  is  inconceiv- 
able how  any  one,  having  read  it,  could  so  overlook  the  most  important 
part  of  Allievi's  work. 

The  writer  is  indebted  to  Mr.  Halmos  and  Mr.  Kurtz  for  having 
brought  to  light  some  further  formulas  of  Allievi,  as  published  in  the 
German  and  Italian  languages.     Mr.  Halmos  states  that  the  writer's 
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Mr.  solution  agrees  in  every  particular  with  that  of  Allievi,  and  Mr.  Kurtz 
■  finds  a  close  agreement  in  an  arithmetical  example. 

The  identity  of  the  results  obtained  by  the  Allievi  equations  with 
those  derived  from  the  writer's  may  be  proved  as  follows : 

Considering  first  Equation  (3)  presented  by  Mr.  Halmos  on  page 
655,*  it  should  be  noted  that  Mr.  Halmos  had  the  writer's  attention 
drawn  to  a  mistake  in  his  definition  of  ij/  (t).  This  symbol  stands  for 
the  ratio  of  the  instantaneous  area  of  discharge  to  the  area  of  the  pipe 
(not  the  area  of  the  gate-opening  at  the  time,  ^  =  0). 

The  two  nomenclatures  are  as  follows : 


Halmos. 

Gibson. 

-(-^-);;r 

Vo  =  ^0 

y  =  H,  +  h,^ 

-=-o.^» 

^0  =  n 

C  =  V 

On  page  556,*  Mr.  Halmos  states  that  F  {t),  found  in  the  first 
interval,  should  be  substituted  for  (/)  in  Equation  (3),  in  order  to 
obtain  the  value  of  y  for  every  subdivision  of  the  second  interval. 

Using  the  subscript  n  of  the  writer's  notation,  the  relation  between 
F  (0  and  (/),  may  be  expressed  by  the  equation: 

Again,  on  page  550,*  Mr.  Halmos  gives : 

J"  (0  -  y  (Co  -C)-  / 
Substituting  the  subscript,  n,  and  the  writer's  notation  for  c^  and  C, 


and,  similarly, 


2  y  (n  -  V,^-r)  =  2-1 J^  (^.-i)  +  F  («„_,)  I (2) 


Subtracting  Equation  (1)  from  Equation  (2)  : 

2  ^  (  n«  -  ^,„-i)  =  2  ]  J^  («,_,)  -  F  (tj  \ 
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If  each  term  in  the  writer's  general  expression  for  It  is  now  ex-     Mr. 
panded  in  terms  of  V ,  then : 

B,    =ie„  +  2— -|(F,    —V,    ,)  +  (F,    ,— F,    .,)  + \ 

and,  by  analogy : 

^'n  ==  ^0  +  2  [\F(t,_,)-F(tj\  +  \F(t^_,)  -F  (t,,_2)  [  + ] 

and,  by  cancellation : 

and  E,^_^  =  B,-2f  («„) 

By  substitution  of  the  above  values  and  by  reference  to  the  relation 
of  terms  in  the  paper,  Allievi's  Equation  (3),  as  given  by  Mr.  Halmos 
on  page  555,*  may  be  written  for  any  interval,  n: 

a^o  +  Kr  -  2  (Ho  +  h^n)  (^0  +  /?,,_!  +  %)  +  ]  ^^0+  ^..-1  f  ^  =  0 
and  by  solving  this  quadratic : 

K  =  I  ]  (^:n  +  2  Jf.n-i)  ±    V  St^iSt^^  +  4i?,^_^  +  4ifo)[.. .  (3) 

which  is  the  writer's  general  expression,  similar  to  Equation  (10)  on 
page  190,t  for  h  at  any  time  in  any  interval. 

Mr.  Kurtz  has  presented  the  general  Allievi  formula  in  somewhat 
different  form  from  that  used  by  Mr.  Halmos,  in  that  the  values  of 
V  and  h  at  the  interval  points,  as  contained  in  the  writer's  values  of  B, 
are  eliminated,  and  the  labor  of  computation  is  thereby  reduced.  The 
writer's  equations,  however,  require  no  more  heed  to  be  given  to  "magni- 
tude and  direction  of  waves  in  the  computations"  than  do  the  Allievi 
equations.  Mr.  Kurtz's  remark  in  this  connection,  on  page  568,*  prob- 
ably refers  to  the  explanation  of  the  work  of  arithmetic  integration 
which  preceded  the  writer's  derivation  of  his  formulas.  Mr.  Kurtz's 
Table  6  of  arithmetic  errors  indicates  merely  the  difference  in  the  results 
that  might  be  obtained  by  two  computers.  The  results  given  by  the 
Allievi  formulas  are  identical  with  those  of  the  writer. 

The  elimination  from  the  writer's  equations  of  V  and  h  at  the  inter- 
val points  may  be  accomplished  in  the  following  manner:  Kef  erring  to 
the  equations  on  page  190, f  tlie  expression  for  R,  may  be  equated  to 
that  part  of  the  equation   remaining  after  R,   has  been  substituted  in 

a 

place  of  —  F,  -\-  h,  —  C,  . 
g      ^         ^  'i 
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Mr.  Thus,  in  general, 

Gibson.  ,  . 

^t     ,  =  —  ( 1  — ^)  ^0  Viy„  +  K  +K  =  —  F,   +  h, 

=   V  'S,         (iL  —  h,        )  —  /i,         (4) 

If  this  value  of  B,   _    is  substituted  in  the  writer's  equations  in  place 

of  the  value  given  in  the  nomenclature  on  page  188,*  the  labor  of 
solving  problems  by  the  formulas  will  be  lessened. 

Mr.  Johnson's  discussionf  contains  a  considerable  amount  of  new 
matter  which  will  be  found  most  helpful  in  solving  problems  of  the 
kind  under  consideration.  His  remarkably  simple  and  concise  presenta- 
tion of  the  fundamental  principles  of  this  subject  and  his  derivation  of 

the  expression  for  i,  „,«  ratio   at  any  time   o(  the    rise   of    pressure 

to  the  net  head,  are  particularly  noteworthy  and  important.  His  chart 
of  limitations  and  general  water-hammer  chart  for  uniform  gate- 
closure  make  it  possible,  first,  to  see  at  a  glance  in  Fig.  12,  where  it  is 
safe  to  apply  the  general  logarithmic  curve  given  by  Allievi's  Formula 
(4),  which  is  Mr.  Johnson's  Equation  (7),  and,  second,  to  obtain  from 

h 
Fig.  13,  the  ratio  of     """^"  .      As   pointed    out    by    Mr.    Johnson,    his 

Equation  (7)  covers  a  wide  range  of  conditions,  and  it  will  often 
be  found   convenient   to   use  this  equation   wherever   it   applies. 

Mr.  Creager's  desire  to  know  more  about  the  application  of 
water-hammer  formulas  to  pipes  of  varying  diameter:}:  will  be  appre- 
ciated by  every  one  who  studies  this  subject.  Needless  to  say  the 
problem  is  a  complex  one,  but  it  seems  certain  that  the  fundamental 
relations  that  have  been  developed  herein  can  be  applied  not  only  to 
this  but  to  any  water-hammer  problem.  The  point  brought  out  by  Mr. 
Creager  that  the  friction  head  at  the  gate  is  not  constant  during  the 

L 

period  of  —   is  worthy  of  consideration,  but  the  writer  would  suggest 

that  the  change  in  friction  head,  being  a  change  in  pressure,  cannot 
traverse  the  length  of  the  pipe  at  a  rate  faster  than  the  velocity,  a.  In 
any  event,  even  though  the  friction  head  does  vary  during  the  interval 
periods,  it  would  seem  that  the  net  result  throughout  the  closing  time 

*  Proceedings,  Am.  Soc.  C.  E.,  April,  1919. 
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would  be  that  the  friction  and  velocity  heads  are  recovered  proper-     Mr. 
tionately  to  the  rate  at  which  the  velocity  of  flow  is  destroyed.  '  ^°"* 

Near  the  top  of  page  571,*  Mr.  Creager  misquotes  the  assumption 
made  on  page  191f  of  the  paper.  The  friction  head  at  the  gate  was 
assumed  to  be  proportional  to  the  square  of  the  velocity  of  flow,  not  the 
velocity  "adjacent  to  the  gate." 

During  the  past  year  many  experiments  on  pressure-rise  have  been 
made  by  the  writer  with  specially  designed  apparatus.  Most  of  the  ex- 
periments, however,  were  made  in  connection  with  his  new  process  for 
the  measurement  of  the  flow  of  fluids  in  closed  conduits,  and  as  this  work 
continued  until  late  autumn,  it  has  been  necessary  to  postpone  until 
next  year  the  particular  experiments  that  have  been  proposed  to  show 
the  relation  between  gate  motion  and  pressure-rise  covered  by  the 
formulas.  As  soon  as  possible  the  results  of  these  experiments  will  be 
made  available  for  publication,  and  in  assembling  the  data  Mr.  Ander- 
son's request:}:  for  full  particulars  will  be  remembered. 

In  reply  to  the  criticism  of  Mr.  Warren,  ||  it  may  be  observed  at  once 
that  the  vital  importance  of  including  the  initial  static  head  among  the 
factors  that  determine  the  maximum  rise  of  pressure,  cannot  be  con- 
sidered in  the  same  class  as  "odd  cents  in  million  dollar  estimates". 
The  large  increase  in  water-hammer  for  low  heads  over  that  for 
high  heads  when  the  gate  motion  is  uniform,  is  caused  by  the  influence 
of  the  initial  head. 

Mr.  Warren  cannot  obscure  the  points  at  issue  by  clouding  the 
discussion  with  conjectures  as  to  whether  uniform  gate  motion  or  the 
gate  motion  he  has  assumed,  but  not  defined,  "is  nearer  the  average 
gate  motion".  The  vagaries  of  gate  motions  are  not  under  considera- 
tion, as  is  clearly  stated  on  page  l76.t  The  problem  considered  is  the 
rise  of  pressure  following  any  given  gate  closure,  and,  for  this  purpose, 
in  deriving  the  formulas,  uniform  gate  motion  has  been  assumed. 
Diagrams  of  non-uniform  gate  motion  were  shown  and  attention  was 
drawn  to  the  effect  of  such  non-uniform  motion  on  the  shape  of  the 
pressure-time  diagram.  In  all  practical  cases,  actual  conditions  will 
be  determined  and,  as  Mr.  Johnson  says,  "the  element  of  judgment  must 
enter  as  usual".  Mr.  Warren's  statement  that  his  formula  is 
based  on  a  certain  prescribed  shape  of  the  pressure-time  diagram  which 
may  be  produced  by  a  special,  though  undescribed,  performance  of  the 
gate,  condemns  his  formula  for  general  use,  because  it  is  impossible 
to  adapt  it  to  any  particular  gate  motion.  Indeed,  what  he  says  of  his 
own  arbitrary  diagram  is  equally  true  of  any  form  whatever  which 
gives  a  value  of  the  maximum  pressure-rise  greater  than  the  mean 
effective  pressure-rise  and  which  encloses  a  proper  impulse  area. 

*  Proceedings,  Am.  Soc.  C.  E.,  August,  1919. 
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Mr.  For  uniform  closure,  Mr.  Warren's  formula  always  leads  to  errors 

'  ^°°'  on  the  wrong  side,  that  is,  it  gives  less  than  the  true  value.  In  the 
region,  pointed  out  in  the  paper,  where  it  is  approximately  correct, 
and  when  the  first  interval  is  a  small  proportion  of  the  closing  time,  as 
it  frequently  is  in  ordinary  cases,  this  formula  gives  a  result  close  to 
the  value  of  the  mean  rise  of  pressure  which  can  be  determined  by  the 

simple  expression,  — — . 
g  T 

Mr.  Warren  questions  the  assumption  that  pressure  waves  are  per- 
fectly reflected  from  the  slowly  closing  gate.  The  question  implies  a 
misconception  of  the  nature  of  the  waves  themselves.  They  are  not  of 
a  substance  that  rebounds  like  a  rubber  ball,  but  are  conditions  of  the 
water  column  at  various  times  at  different  points  along  the  pipe  line. 
When  a  wave  is  started  by  a  movement  of  the  gate,  the  water  is  put 
into  a  state  of  super-normal  pressure  and  it  remains  in  this  condition 
at  the  gate  until  the  wave  has  traversed  the  length  of  the  pipe  to  the 
origin  and  back  again.  When  the  wave  has  returned  to  the  gate,  the 
state  of  super-normal  pressure  there  is  converted  to  one  of  sub-normal 
pressure  and  the  water  there  remains  in  this  condition  until  the  wave 
has  again  traversed  the  distance  to  the  origin  and  back,  whereupon  the 
condition  at  the  gate  again  changes  to  a  state  of  super-normal  pressure, 
and  so  on.  At  points  along  the  pipe  the  changes  of  condition  occur 
in  the  same  sequence,  except  that  a  state  of  normal  pressure  exists 
for  a  time  between  the  periods  of  super-normal  and  sub-normal  pres- 
sures. When  the  gate  is  gradually  closing,  the  algebraic  sum  of  the 
innumerable  infinitesimal  waves  (super-normal  pressure  being  con- 
sidered positive  and  sub-normal  pressure  negative)  fixes  the  pressure 
that  exists  at  the  gate  at  any  time  during  the  closure. 

The  authority  for  the  assumption  that  the  flow  of  water  in  the  pipe 
does  not  affect  the  wave  is  to  be  found  on  page  176*  in  the  following 
quotation  from  Miss  Simin's  translation  of  Joukovsky's  work: 

"If  the  water  column  continues  flowing,  such  flow  exerts  no  notice- 
able influence  upon  the  shock  pressure.  In  a  pipe  from  which  water 
is  flowing,  the  pressure  wave  is  reflected  from  the  open  end  of  the  pipe, 
in  the  same  way  as  from  a  reservoir  with  constant  pressure." 

Finally,  it  may  be  stated  definitely  that,  as  an  empirical  rule  for 
convenient  use,  Mr.  Warren's  formula  is  quite  untrustworthy,  and  as  an 
equation  showing  the  relation  between  velocity  destroyed  and  rise  of 

pressure,  it  is  fundamentally  and  inherently  wrong^ 

•  Proceedings,  Am.   Soc.  C.  E.,  April,  1919. 
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CHARLES  MATTATHIAS  JACOBS,  M.  Am.  Soc.  C.  E.* 

Died  September  7th,  1919. 


Charles  Mattathias  Jacobs  was  born  at  Hull,  Yorkshire,  England, 
on  June  8th,  1850,  and  died  at  his  home  at  Laugharne,  South  Wales, 
on  September  7th,  1919. 

■  He  was  the  ninth  in  a  family  of  fourteen  born  to  Bethel  and  Esther 
Jacobs.  His  father  was  a  member  of  a  family  long  established  in  Hull, 
a  well  known  and  highly  honored  merchant  of  that  city. 

Mr.  Jacobs  was  educated  by  private  tuition  and,  in  1866,  at  the  age 
of  16,  was  articled  as  a  pupil  in  the  arts  of  mechanical  and  structural 
engineering  with  Messrs.  Charles  and  William  Earle,  one  of  the  leading 
ship  and  engine  building  firms  on  the  northeast  coast  of  England. 
With  this  firm  Mr.  Jacobs  served  his  five-year  term  of  apprenticeship, 
obtaining  a  thorough  knowledge  of  all  the  trades  involved  in  ship  and 
engine  building,  as  well  as  in  the  design  of  engines  and  structures. 

This  pupilage  in  practical  work  was  then  the  usual  British  system  of 
technical  training.  Throughout  his  long  service  as  a  professional 
engineer,  Mr.  Jacobs'  practical  understanding  of,  and  his  judgment  in 
solving,  engineering  problems  always  reflected  that  early  training. 

In  1871,  on  the  completion  of  his  apprenticeship,  he  was  sent  by 
Messrs.  Charles  and  William  Earle  to  China  to  put  up  some  bridges 
which  they  had  contracted  to  build  and  erect. 

On  his  return  to  England,  Mr.  Jacobs  decided  to  follow  the  profes- 
sion of  a  marine  engineer  and  to  that  end  went  to  sea  in  the  Merchant 
Service  for  between  two  and  three  years,  the  period  necessary  to  obtain 
the  British  Board  of  Trade  certificate  as  First-Class  Marine  Engineer. 

In  1876  he  opened  an  office  in  Cardiff,  South  Wales,  as  a  Consulting 
Engineer,  specializing  in  marine  engineering. 

In  this  same  year  he  married  Frances  H.  M.,  daughter  of  the  late 
John  Fry,  of  Penarth,  a  leading  colliery  operator  and  shipowner.  His 
widow  survives  him. 

Soon  after  this,  he  was  appointed  Surveyor  to  Lloyd's  Kegister  of 
Shipping  at  Cardiff,  and  he  held  this  office  for  a  few  years.  During  this 
period  he  became  recognized  as  an  expert  and  authority  in  a  busi- 
ness in  which  Cardiff  and  Newport  stood  pre-eminent,  namely,  the 
briquetting  and  consequent  utilization,  of  the  slack  coal-dust  from  the 
non-coking  coals  of  South  Wales  and  Monmouthshire. 

*  Memoir  prepared  by  J.  V.  Davies,  M.  Am.  Soc.  C.  E. 
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On  December  1st,  1885,  he  was  elected  a  Member  of  the  Institution 
of  Civil  Engineers.  In  1887,  Mr.  Jacobs  removed  to  London,  where 
he  opened  a  Consulting  Engineer's  office  in  partnership  with  Mr.  Her- 
bert Barringer,  under  the  firm  name  of  Jacobs  and  Barringer.  This 
connection,  which  broadened  the  scope  of  his  engineering  work,  con- 
tinued until  his  death. 

In  1888,  the  late  Austin  Corbin,  who  was  then  President  of  the 
Long  Island,  the  Philadelphia  and  Reading,  and  the  Elmira,  Cortlandt 
and  Northern  Railroads,  besides  having  wide  interests  in  other  organi- 
zations and  subsidiary  companies,  became  deeply  interested  in  the 
possibility  of  using  the  culm  or  waste  produced  in  the  crushing  and 
sorting  of  anthracite  coal  in  the  fields  of  the  Philadelphia  and  Reading 
Coal  and  Iron  Company.  While  in  Europe  in  that  year,  Mr.  Corbin 
consulted  with  Mr.  Jacobs  as  to  the  possibilities  of  this  development 
and  invited  him  to  come  to  the  United  States,  which  he  did  early  in 
1889.  This  was  the  beginning  of  the  long  and  close  association  between 
Mr.  Corbin  and  Mr.  Jacobs,  by  which  Mr.  Jacobs  became  directly 
identified  as  Consulting  Engineer  with  all  the  engineering  problems  of 
the  various  interests  controlled  by  Mr.  Corbin. 

The  most  pressing  problem  at  that  time  was  that  of  an  improved 
terminal  for  the  Long  Island  Railroad.  Mr.  Jacobs  took  up  the  study  of 
an  extension  of  the  Long  Island  Railroad  from  its  terminals  in  Brooklyn 
and  Long  Island  City.  In  co-operation  with  Samuel  Rea,  M.  Am.  See. 
C.  E.,  of  the  Pennsylvania  Railroad,  he  developed  a  plan  for  the  exten- 
sion of  the  Brooklyn  lines  by  tunnel  under  the  East  and  North  Rivers, 
which  would  give  passenger  connection  direct  to  the  Pennsylvania  Rail- 
road Company's  Jersey  City  terminal.  One  element  in  these  studies 
was  the  removal  from  Atlantic  Avenue,  Brooklyn,  of  the  surface  tracks 
of  the  Long  Island  Railroad.  The  preliminary  studies  and  estimates 
for  doing  this  by  elevating  and  depressing  the  railroad  were  made  under 
the  direction  of  Mr.  Jacobs,  and  the  work  was  later  carried  out  by  his 
partner,  J.  V.  Davies,  M.  Am.  Soc.  C.  E.,  as  Chief  Engineer  to  the 
Board  for  the  Atlantic  Avenue  Improvement.  This  work,  and  the  other 
studies  made  for  the  improvement  of  the  Long  Island  Railroad,  initiated 
Mr.  Jacobs'  connection  with  the  rapid  transit  situation  in  New  York 
City. 

In  1891,  Mr  Jacobs  opened  an  office  as  Consulting  Engineer  in  New 
York  City,  his  Chief  Assistant  being  Mr.  Davies,  with  whom  he  later 
entered  into  partnership.  The  company  was  finally  organized  as  Jacobs 
and  Davies,  Incorporated,  and  continued  without  a  break  until  the  end 
of  1916,  when  Mr.  Jacobs  retired  from  practice  in  the  United  States. 

In  1892,  he  undertook  for  the  East  River  Gas  Company  the  design 
and  supervision,  as  Chief  Engineer,  of  the  construction  of  a  tunnel 
having  an  internal  diameter  of  10  ft.  2  in.  to  connect  the  company's 
plant  at  Ravenswood,  Long  Island,  with  the  Borough  of  Manhattan. 
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This  tunnel  starts  at  the  foot  of  Webster  Avenue,  Long  Island  City,  and 
ends  at  the  foot  of  East  71st  St.,  New  York  City,  passing  under  both 
channels  of  the  East  Kiver  and  under  Blackwells  Island.  The  work 
was  a  notable  achievement  for  Mr.  Jacobs.  Soon  after  the  tunnel  had 
been  started,  a  seam  of  rotten  rock  giving  direct  access  to  the  river  was 
encountered,  the  contractor  abandoned  the  work  and  Mr.  Jacobs  took  it 
over  on  behalf  of  the  Company,  installed  a  tunneling  shield,  and 
finished  it  with  his  own  forces  after  many  and  serious  difficulties  had 
been  met  and  conquered. 

This  was  the  first  tunnel  to  be  finished  under  either  the  North  or 
East  Elvers,  although  others  had  been  begun  at  an  earlier  date  under 
both  rivers.  The  air  pressure  used  was  very  high,  reaching  48  lb.  per 
sq.  in.  (above  the  normal),  and  this  is  believed  to  be  the  first  case  in 
which  extensive  rock  blasting  was  done  under  compressed  air. 

In  1895,  Mr.  Jacobs  was  appointed  by  the  bondholders  of  the  Com- 
pany owning  the  then  unfinished  and  abandoned  Hudson  River  Tunnel 
at  New  York  City,  as  one  of  a  committee  of  three  to  examine  and  report 
on  the  condition  of  and  possibility  of  finishing  that  work.  As  a  result 
of  this  investigation,  and  after  long  delay  in  re-organizing  the  finances 
of  the  old  concern,  a  new  company  was  formed,  under  the  presidency 
of  Mr.  William  Gibbs  McAdoo,  known  as  the  New  York  and  Jersey 
Railroad  Company,  which  took  over  the  old  work  and  carried  on  the 
enterprise.  This  was  the  nucleus  about  which  the  present  Hudson 
and  Manhattan  Railway  System  of  passenger  railroad  service  between 
New  York  City  and  Jersey  City  has  been  built  up  and  which  now  acts 
as  the  down-town  New  York  distributing  terminal  of  the  Pennsylvania 
Railroad  and  also  as  the  up-town  and  down-town  New  York  terminals 
of  the  Delaware,  Lackawanna  and  Western  Railroad  and  the  Erie 
Railroad. 

The  design  and  construction  of  this  important  system  of  tunnels 
across  the  North  River  and  in  New  York  City  and  Jersey  City,  involv- 
ing many  unprecedented  problems  both  as  regards  design  and  execution, 
were  carried  out  for  the  company  by  Mr.  Jacobs  as  Chief  Engineer, 
with  his  own  designing,  engineering,  and  construction  forces.  The 
construction  of  this  system,  as  it  stands  to-day,  was  finished  in  1910. 
By  the  completion  of  the  "Old  North  Tunnel",  begun  in  1874,  and 
dogged  by  persistent  ill  luck  until  Mr.  Jacobs  took  over  the  work  in 
1902,  the  conquest  of  the  North  River  was  achieved,  and  Mr.  Jacobs, 
of  all  his  successes,  always  looked  back  with  the  greatest  pride  to  the 
fact  that  on  March  11th,  1904,  he  was  the  first  man  to  have  crossed, 
dryshod,  beneath  the  great  North  River,  from  New  Jersey  to  New 
York  City.  The  work  of  tunneling  the  North  River  for  this  company 
was  described  by  Mr.  Jacobs  in  a  paper*  presented  to  the  Institution 
*  Miamtes  of  Proceedvngs,  Inst.  C.  E.,  Vol.  CCXXXI   (Paper  No.  3859). 
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of  Civil  Engineers  on  February  22d,  1910.  For  this  paper,  the  Council 
of  the  Institution  gave  him  its  premier  award,  the  Telford  Gold  Medal. 

In  1898,  Mr.  Jacobs  prepared  the  plans  and  specifications  and 
awarded  the  contract  for  the  Tredegar  Dry  Dock  at  Newi^ort,  Mon- 
mouthshire, on  the  western  side  of  the  River  Usk.  This  dry  dock  is  708 
ft.  long  and  65  ft.  wide  at  the  entrance.  It  can  take  a  ship  of  12  000 
tons,  and  is  divisible  in  two  sections  by  middle  gates,  so  that  two  ships 
of  7  000  tons  each  can  be  docked  at  the  same  time.  Many  serious 
difficulties,  due  to  the  nature  of  the  ground,  were  met  and  successfully 
overcome  and  the  work*  was  finished  in  1903. 

The  other  great  New  York  project  with  which  Mr.  Jacobs'  name 
will  be  forever  linked  is  that  which  brings  into  New  York  City  the 
terminal  of  the  Pennsylvania  Railroad.  It  is  impossible  here  to  do 
more  than  mention  that  Mr.  Jacobs  was  the  Chief  Engineer  of  the 
North  River  Division  of  this  work,  and  thus  had  direct  charge  of  the 
designs  and  construction  of  all  that  part  which  lies  between  the 
Terminal  Station  and  the  Western  Portal  of  the  tunnel  through  the 
Bergen  Hill.  The  length  of  the  Division  is  14  280  ft.,  all  in  tunnel 
and  all  providing  for  two  lines  of  track.  The  material  penetrated 
ranged  from  the  softest  silt  to  the  hardest  trap  rock,  with  every  possible 
variety  lying  between  the  two.  The  work  is  described  fully  in  papers 
by  Messrs.  Raymond,  Jacobs,  Noble,  Gibbs,  and  members  of  the  staff.f 

Mr.  Jacobs'  own  paper:}:  describes  fully  his  personal  connection  with 
this  work  dating  from  his  consultation  in  London  in  1901  with  Mr. 
Cassatt,  then  the  President  of  the  Pennsylvania  Railroad.  This  paper 
contains  also  a  most  interesting  sketch  of  the  events  which  preceded 
and  led  to  the  inception  of  this  great  scheme.  One  thing,  however, 
must  be  made  clear  as  it  is  only  touched  upon  most  lightly  in  his  own 
account,  and  that  is,  that  without  the  assurance  given  by  Mr.  Jacobs' 
invention  to  provide  support,  if  such  should  be  found  necessary  in  the 
North  River  silt,  for  the  structure  and  tracks  of  tunnels,  by  an  internal 
bridge  construction  within  the  tunnels  themselves,  supported  by  piers 
or  piles  sunk  to  firm  foundations,  it  is  unlikely  that  the  management  of 
the  Pennsylvania  Railroad  would  have  ventured  on  the  uncertainties 
of  building  the  great  main  line  tunnels  in  this  silt.  Protracted  and 
exhaustive  tests  during  the  construction  ]>eriod  proved  that  these 
supports  were  not  needed,  but  the  value  of  their  conception  as  an 
assurance  to  those/who  planned  this  bold  feat  cannot  be  over-estimated. 

Both  these  undertakings,  involving  the  crossing  of  the  North 
River  by  six  difi^erent  tunnels,  were  carried  out  simultaneously  by  Mr. 
Jacobs  between  1901  and  1910.  Many  of  the  problems  were  literally 
unprecedented,  and  to  the  pioneer  solution  of  these  Mr.  Jacobs  brought 

*  Minutes  of  Proceedinys,  Inst.  C.  B.,  Vol.  CLXVII    (Paper  No.   3646). 

t  Transactions.  Am.  Soc.  C.  E.,  Vols.  LXVIII  and  LXIX. 

t  "The  North  River  Division,"  TrfDisactions,  Am.  Soc.  C.  E.,  Vol.  LXVIII,  p.  32. 
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his  ever  practical  viewpoint,  his  convincing  personality,  his  indomitable 
perseverance,  and  the  keen  edge  of  his  enthusiasm. 

Many  other  works  of  large  size  and  great  difficulty  have  been  carried 
out  under  Mr.  Jacobs'  general  direction,  among  which  are  the  following, 
stated  more  or  less  in  chronological  sequence. 

He  was  closely  identified  with  the  oil  industry  and  built  many  oil 
storage  installations  in  Great  Britain  and  elsewhere,  one  of  which  was  a 
pipe  line  for  the  Burmali  Oil  Company  from  Rangoon  to  Yenangyat. 
This  line  consists  of  about  270  miles  of  10-in.  and  30  miles  of  4-in.  pipe, 
between  the  wells  and  the  seaboard,  together  with  pumping  stations 
and  tank  equipment.  The  surveys  were  made  in  1902  and  the  installa- 
tion was  finished  in  1908. 

From  1907-11,  he  had  charge,  as  Consulting  Engineer  to  Messrs. 
Dayde  and  Pille,  Contractors,  of  the  tube  tunnels  driven  by  shield 
under  compressed  air  below  the  River  Seine  and  the  Place  de  la 
Concorde,  in  Paris. 

Prom  1910-15,  the  construction  of  the  Astoria  Tunnel,  4  662  ft. 
long  and  275  ft.  below  the  waters  of  the  East  River,  was  accomplished. 
This  tunnel  is  used  to  contain  two  cast-iron  mains,  6  ft.  in  diameter, 
by  which  gas  is  conveyed  from  the  plant  of  the  Astoria  Light,  Heat,  and 
Power  Company  to  East  132d  Street,  The  Bronx.  This  tunnel  is  20  by 
20  ft.  in  cross-section  and  gave  rise  to  what  was  probably  the  worst 
problem  in  tunneling  under  normal  air  pressure  yet  presented  in 
New  York  City.  This  work,  which  was  designed  and  carried  out  by  Mr. 
Jacobs'  own  forces,  has  been  fully  described.* 

From  1910  to  1913,  the  construction  of  the  Hales  Bar  Lock  and  Dam 
across  the  Tennessee  River  near  Chattanooga,  Tenn.,  was  carried  out 
by  Mr.  Jacobs'  firm.  In  this  case,  in  order  to  obtain  secure  foundations 
in  a  limestone  rock,  honeycombed  with  caverns  and  pockets,  very  large 
monolithic  caissons  had  to  be  sunk  under  pneumatic  pressure. 

In  1912-13  the  constrviction  of  the  Laxaxalpam  Aqueduct  Tunnels 
of  the  Mexican  Light  and  Power  Company  was  completed  by  Mr.  Jacobs' 
firm  with  its  own  forces  after  tbe  work  had  been  at  a  standstill  on 
certain  essential  portions,  owing  to  the  severe  physical  difficulties,  for 
more  than  a  year.  This  work  comprised  a  total  length  of  20  miles  of 
tunnel  in  a  mountainous  part  of  the  State  of  Puebla,  Mexico,  and  not- 
withstanding serious  physical  difficulties,  due  both  to  the  geological 
formations  and  the  remote  and  moTnitainous  nature  of  the  country,  was 
finished  within  the  time  desired. f 

Mr.  Jacobs'  practice  kept  in  close  touch  with  marine  work  to  the 
end,  particularly  in  ship  and  engine  building.  He  was  responsible 
for  the  building  of  some  84  tank  steamships  and  more  than  100  cargo 
and  other  vessels. 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  LXXX  (p.  594). 

i  Minutes  of  Proreedinr/s,   Inst.   C.   E.,  Vol.  CC,   p.   345    (Paper  No.   4123). 
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Some  of  the  large  projects  which  he  fathered,  or  with  which  he  was 
connected,  are  the  following: 

The  location  of  a  railway  by  which  the  Long  Island  Railroad  would 
cross  by  tunnel  under  Long  Island  Sound  and  connect  with  the  Housa- 
tonic  Railroad.  This  would  have  given  a  route  to  Boston,  via  the  New 
England  Railroad,  and  it  was  thought  would  form  a  rival  to  the  New 
Haven  Railroad  System.  The  absorption  of  the  New  England  lines 
by  the  New  Haven  Company  stopped  this  project. 

At  the  same  time,  however,  the  contemplated  scheme  necessitated  a 
suitable  terminal  station  in  New  York  City,  on  Manhattan  Island,  in- 
volving the  crossing  of  the  East  River,  with  yards  and  a  terminal 
adequate  for  the  operation,  not  only  of  the  local  traffic  of  the  Long 
Island  Railroad,  but  also  the  through  business  of  this  projected  line 
with  its  connections.  Studies  were  then  made  as  to  the  feasibility  of 
a  tunnel  crossing  in  the  vicinity  of  the  existing  Long  Island  Railroad 
Terminal,  at  Long  Island  City,  but  it  then  appeared  that  the  cost  of 
such  necessary  terminals  in  the  East  34th  Street  district  would  be  so 
high  as  to  be  prohibitive. 

At  this  juncture,  Mr.  Corbin  was  offered  by  the  late  Dr.  Thomas 
Rainey  a  franchise  he  held  for  a  bridge  structure  to  cross  the  East 
River  between  Ravenswood,  on  Long  Island,  and  the  foot  of  East  64th 
Street,  New  York  City.  After  extended  negotiations  and  investigations, 
this  franchise  was  taken  up  by  interests  associated  with  the  Long 
Island  Railroad,  and  notwithstanding  the  withdrawal  of  the  New 
England  connection  problem,  it  was  considered  that  the  plan  of  develop- 
ment was  necessary  to  the  extension  of  the  Long  Island  Railroad  itself, 
and,  consequently,  Mr.  Jacobs  was  instructed  to  proceed  with  the  con- 
struction of  the  bridge,  terminal,  and  connections.  This  work  was 
actually  and  actively  commenced.  Foundations  for  three  main  piers 
at  the  bulkhead  lines  of  the  two  channels  of  the  East  River  were  built, 
and  contracts  for  the  masonry  and  superstructure  were  awarded,  when 
the  accidental  death  of  Mr.  Corbin  in  1896  suspended  all  activities, 
which  were  never  renewed.  The  appointment  of  Mr.  W.  H.  Baldwin, 
Jr.,  as  President  of  the  Long  Island  Railroad,  re-opened  the  study  of 
the  possibility  of  a  terminal  which  would  connect  the  Long  Island  Rail- 
road with  the  Pennsylvania  System,  which,  at  that  time,  had  in  con- 
templation the  construction  of  a  North  River  Bridge  entry  into  New 
York  City.  The  later  history  of  this  development  and  Mr.  Jacobs'  con- 
nection therewith  are  stated  in  the  Transactions  of  the  Society. 

The  development  of  Fort  Pond  Bay  at  Montauk  Point  as  a  terminal 
for  the  trans-Atlantic  steamship  traffic. 

The  study  and  report  for  the  French  Government  on  a  railway 
tunnel  to  cross  the  Seine  near  Le  Havre  to  connect  the  State  Railways 
on  either  bank. 
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The  study  and  report  for  the  Moscow-Kazan  Railroad  on  the  crossing 
by  tunnel  of  the  Volga  River  near  Nijni-Novgorod. 

The  report  on  large  reclamation  projects  for  Bombay,  India. 

The  reports  on  rapid  transit  development  in  Montreal,  Que.,  and 
Toronto,  Ont.,  Canada. 

In  his  personal  appearance,  Mr.  Jacobs  was  a  man  of  striking 
presence  and  of  a  manner  and  poise  most  impressive.  As  an  engineer 
he  combined  technical  knowledge  and  good  judgment,  based  on  his  long 
experience,  with  administrative  and  executive  ability  of  the  highest 
order.  Many  of  his  most  important  works  were  carried  out  without  the 
medium  of  a  contractor,  with  engineering  and  construction  forces 
organized  and  directed  by  him  for  the  owner.  His  courtesy  and  con- 
sideration to  each  of  his  numerous  assistants  and  subordinates  on  the 
many  projects  he  undertook  during  his  busy  life  were  never  failing. 
Each  of  his  staff  felt  that  service  under  him  was  a  valuable  experi- 
ence, and  his  magnetic  personality  inspired  his  men  with  loyalty 
and  enthusiasm  which  bound  them  to  him  and  to  his  work  with  bonds 
stronger  than  steel. 

In  his  private  life,  Mr.  Jacobs  showed  the  same  charming  per- 
sonality and  magnetism.  He  made  no  enemies,  but  many  close  friends 
who  were  warmly  and  loyally  attached  to  him.  Writing  of  him,  one 
of  his  old  friends,  a  learned  and  honored  Justice  of  the  Supreme  Court 
of  New  York,  says : 

"So  many  incidents  of  our  long  association  come  back  to  me  and 
through  all  appear  the  cool,  courageous,  cheerful  methods  of  our  dead 
friend.  He  was  at  first  a  stranger  in  a  strange  land,  but  not  for  long. 
His  ability,  his  knowledge  of  men,  his  courtesy  and  perseverance  made 
their  mark  in  the  community.  Tunnels  under  the  rivers  are  common 
things  nowadays  but  the  pioneers  had  to  struggle  hard  to  make  the 
financiers  of  twenty-five  years  ago  appreciate  the  necessity  and  value  of 
underground  transit.  *  *  *  J  am  sorry  he  has  gone.  He  made  a 
great  name  for  himself  in  his  profession." 

He  had  been  a  Member  of  the  Institute  of  Mechanical  Engineers 
since  1876  and  a  Member  of  the  Institution  of  Civil  Engineers  since 
1885.  He  was  one  of  the  early  members  of  the  Engineers'  Club  of  New 
York,  and  had  been  a  member  of  a  number  of  clubs  in  New  York  City 
before  he  retired  from  active  business  there  in  1916.  In  London,  he 
maintained  his  membership  in  the  City  of  London,  the  Royal  Automo- 
bile, and  the  Royal  Societies  Clubs. 

During  the  World  War,  Mr.  Jacobs  was  very  proud  to  have  been 
associated  with  the  production  of  ammunition  and  ordnance  as  a 
member  of  a  Local  Production  Committee  in  the  South  Wales  District. 

Mr.  Jacobs  was  an  enthusiast  in  the  development  and  use  of  motor 
cars.  He  was  one  of  the  early  owners  of  a  steam  wagon  and  operated 
the  various  types  as  they  appeared.     In  his  religion  he  was  a  member 
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of  the  Church  of  England.  His  home  for  many  years  before  his 
death  was  "The  Old  Rectory  House"  at  Wimbledon  Park,  near  London. 
This  was  an  ancient  and  beautiful  Elizabethan  house  which  he  enlarged 
and  modernized.  During  1919,  he  had  bought  a  summer  home,  a  place 
called  Glan-y-mor,  at  Laugharne  in  Caermarthenshire,  South  Wales, 
which  was  ready  for  him  at  the  beginning  of  September.  He  had  only 
been  in  this  house  for  a  few  days  when  he  died  as  a  result  of  cerebral 
hemorrhage.  His  last  conscious  thoughts  were  for  those  near  and  dear 
to  him,  and  he  left  on  his  long  journey,  with  the  same  calm  courage 
which  had  always  been  his.  He  was  buried  at  St.  Augustine's,  in 
Penarth. 

His  loss  leaves  a  gap  which  his  friends  and  associates  will  not  fill 
with  his  equal,  and  there  is  not  one  who  knew  him  who  will  not  remem- 
ber him  as  an  inspiring  leader,  a  great  engineer,  and  a  thorough  man. 

Mr.  Jacobs  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  on  May  4th,  1904. 


RAPHAEL  CHART  SMEAD,  M.  Am.  Soc.  C.  E.* 


Died  November  28th,  1919. 


Raphael  Chart  Smead  was  born  at  Washington,  D.  C,  on  October 
25th,  1859.  His  father,  the  late  Capt.  J.  R.  Smead,  was  a  graduate  of 
West  Point,  a  soldier  in  the  Civil  War,  and  was  killed  in  the  Battle  of 
Bull  Run.  His  grandfather,  the  late  Capt.  R.  C.  Smead,  Corps  of 
Engineers,  U.  S.  Army,  who  was  also  an  Army  officer,  was  killed  in  the 
Mexican  War. 

After  his  preliminary  education  in  the  public  schools,  Mr.  Smead 
studied  under  a  private  instructor  for  one  year. 

In  1878,  he  was  employed  as  Rodman  and  Instrumentman  making 
railway  surveys  on  the  Union  Pacific  Railway  and  remained  on  this 
work  until  1880.  Between  1880  and  1881,  he  was  engaged  as  Instru- 
mentman on  the  Baltimore  and  Ohio  Railroad;  between  1881  and  1882, 
as  Assistant  and  Resident  Engineer  on  construction  on  the  Norfolk 
and  Western  Railroad;  between  1882  and  1883,  as  Resident  Engineer 
on  the  Grafton  and  Greenbrier  Railroad;  and  between  1883  and  1885, 
as  Assistant  and  Resident  Engineer  on  the  Baltimore  and  Ohio  Short 
Line  Railroad. 

In  May,  1885,  Mr.  Smead  was  appointed  United  States  Assistant 
Engineer  in  the  office  of  the  Washington  Aqueduct,  District  of  Colum- 
bia, where  he  remained  until  August,  1905.  During  that  time,  he  was 
engaged  on  the  work  of  building  the  dam  at  Great  Falls  and  the  tunnel 

*  Memoir  prepared  by  B.  D.  Hardy,  M.  Am.  Soc.  C.  E. 
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between  tlie  Georg'etown  and  McMillan  Park  Eeservoirs,  and  as  Super- 
intendent of  Maintenance  and  Operation  of  the  Washington  Aqueduct. 

In  August,  1905,  he  was  transferred  to  the  Dallas  Engineer  District 
where  he  was  employed  as  U.  S.  Assistant  Engineer  until  October, 
1917.  From  October,  1917,  to  February,  1919,  he  served  as  U.  S.  Dis- 
trict Engineer,  at  Galveston,  Tex.,  and  from  that  date  until  Novem- 
ber 28th,  1919,  as  Principal  Assistant  Engineer  of  the  Galveston 
District. 

In  1918,  Mr.  Smead  was  commissioned  a  Major  in  the  Engineer 
Officers'  Reserve  Corps,  but  was  never  called  to  active  duty. 

He  was  a  man  of  pleasing  personality  and  social  disposition,  who 
made  friends  easily  and  was  liked  and  respected  by  all  his  associates. 
He  died  very  suddenly  while  engaged  on  his  regular  official  duties  and 
is  survived  by  his  wife  and  one  daughter. 

Mr.  Smead  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers,  on  February  1st,  1905. 


GEORGE  HIPPESLEY  STANLEY  STEPHENS,  Assoc.  M.  Am.  Soc.  €.  E.* 


Died  October  IBtit,  1918. 


George  Hii)pesley  Stanley  Stephens,  the  eldest  son  of  Frederick 
Orlando  Stephens,  now  of  The  Homestead,  Orangezicht,  Cape  Town, 
South  Africa,  was  born  in  Norwich,  England,  on  November  20th,  1882. 
He  was  educated  at  Tunbridge  Wells,  England,  and  at  the  Diocesan 
College,  South  Africa.  He  was  articled  to  his  father,  a  Civil  Engineer 
from  1900  to  1905. 

From  1901  to  1908,  Mr.  Stephens  was  engaged  as  Field  Assistant 
and  Assistant  Engineer  by  Messrs.  G.  Pauling  and  Company,  Limited, 
of  London  and  Cape  Town,  on  the  surveys  and  construction  work  in 
connection  with  the  extension  of  the  New  Cape  Central  Railway  to 
Mossel  Bay,  in  Cape  Colony,  South  Africa,  and  the  Stuartstown  Rail- 
way in  Natal.  In  1908  and  1909,  he  was  employed  by  the  same  firm 
as  Assistant  Engineer  on  the  survey  of  the  Bwana  Mkubwa  ("Star  of 
Congo")  Railway,  from  the  Bwana  Mkubwa  copper  mine,  in  North- 
western Rhodesia,  to  the  "Star  of  the  Congo"  Mine,  in  the  Congo  State. 

In  1909  and  1910,  Mr.  Stephens  served  as  Assistant  Engineer  on 
the  construction  of  the  Bwana  Mkubwa  and  Broken  Hill  Railway,  in 
Northwestern  Rhodesia,  and  from  that  time  until  the  early  part  of 
1911,  he  was  engaged  as  First  Assistant  Engineer  on  the  survey  of  the 
Mazoe  Railway,  also  in  Rhodesia. 

*  Memoir  prepared  by  the  Secretary  from  information  on  file  at  the  Head- 
quarters of  the  Society. 
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From  1911  to  1917,  he  was  employed  by  the  South  African  Railway 
Administration  on  the  construction  of  the  railway  extension  from 
Caledon,  TJpington,  and  Carnarvon,  and,  from  that  time  until  his  death 
which  occurred  at  Paarl,  South  Africa,  on  October  13th,  1918,  Mr. 
Stephens  was  engaged  on  various  surveys  and  investigations  for  irri- 
gation projects  for  the  Department  of  Irrigation  in  the  Union  of 
South  Africa. 

Mr.  Stephens'  untimely  death,  from  pneumonia  supervening 
influenza,  at  the  age  of  36,  came  as  a  painful  shock  to  his  professional 
associates  and  to  his  wide  circle  of  friends  in  many  parts  of  Southern 
Africa.  To  all  of  them  he  was  the  soul  of  friendship,  and  there  must 
still  be  many  who,  in  the  course  of  the  lonely  journey  by  which  entry 
to  the  Congo  from  the  south  was  made  before  the  construction  of  the 
railway  was  completed,  can  recollect  his  warm  welcome  and  generous 
hospitality  on  their  way  through  the  illimitable  veldt.  His  largeness 
of  heart  indeed  was  his  chief  characteristic,  and,  with  it,  there  went 
a  cheerfulness  and  constancy  that  braved  every  trial,  shining  even 
more  brightly  when  the  final  command  came  for  him,  too,  to  "pass 
over".  '^ 

The  thorough  training  which  Mr.  Stephens  had  enjoyed  under  all 
classes  of  South  African  conditions,  had  eminently  fitted  him  for  the 
highest  positions  in  the  service  to  which  he  was  finally  attached,  and 
his  early  death  will  prove  a  loss  to  the  Union  in  which  he  had  made 
liis  home. 

Mr.  Stephens  was  married  in  1916  to  Grace  Winifred  Taylor, 
the  only  daughter  of  Charles  Taylor,  of  Paarl,  who  survives  him  after 
a  brave  struggle  with  the  epidemic  which,  in  October,  1918,  swept 
through  South  Africa. 

Mr.  Stephens  was  elected  an  Associate  Member  of  the  American 
Society  of  Civil  Engineers  on  December  5th,  1911.  He  was  also  an 
Associate  Member  of  the  South  Afri(;an  Society  of  Civil  Engineers. 
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OF  THE  SOCIETY 


SIXTY=SEVENTH  ANNUAL  MEETING.* 

January  2ist,  1920. — The  meeting  was  called  to  order  at  10  A.  :m. 
in  the  Auditorium  of  the  Engineering  Societies  Building;  President 
Fayette  S.  Curtis  in  the  chair;  Chas.  Warren  Hunt,  Secretary;  and 
present,  also,  about  700  members. 

The  President  announced  that  he  had  appointed  Ralph  H.  Chambers, 
Kenneth  Allen,  Nathan  C.  Johnson,  J.  C.  Meem,  F.  W.  Perry,  C.  D. 
Pollock,  and  Harold  Tait  as  Tellers  to  Canvass  the  Ballot  for  Officers 
for  the  ensuing  year. 

*  A  full  report  of  the  Sixty-seventh  Annual  Meeting  is  printed  on  pases  147 
to  218  of  this  number  of  Proceedings. 
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The  Annual  Eeport  of  the  Board  of  Direction  and  the  Annual 
Reports  of  the  Secretary  and  of  the  Treasurer*  for  the  year  ending 
December  31st,  1919,  were  presented  and  accepted. 

The  Secretary  read  the  report  of  the  Committee  to  E^commend  the 
Award  of  Prizes,t  and  annoimced  that  the  Board  of  Direction,  in  con- 
formity with  that  report,  had  awarded  the  medals  and  prizes  for  the 
year  ending  July,  1919,  as  follows : 

The  Norman  Medal  to  Paper  No.  1  403.  "The  Cape  Cod  Canal", 
by  Wm.  Barclay  Parsons,  M.  Am.  Soc.  C.  E. 

The  J.  James  R.  Croes  Medal  to  Paper  No.  1  418,  "The  Stress 
Measurements  on  the  Hell  Gate  Bridge",  by  D.  B.  Steinman,  M.  Am. 
Soc.  C.  E. 

The  Thomas  Fitch  Rowland  Prize  to  Paper  No.  1  417,  "The  Hell 
Gate  Arch  Bridge",  by  O.  H.  Ammann,  M.  Am.  Soc.  C.  E. 

The  James  Laurie  Prize  to  Paper  No.  1 413,  "The  Manhattan 
Elevated  Railway  Improvements",  by  F.  W.  Gardiner  and  S.  Johan- 
nesson.  Members,  Am.  Soc.  C.  E. 

The  Collingwood  Prize  for  Juniors  to  Paper  No.  1  409,  "Obstruc- 
tions of  Bridge  Piers",  by  Floyd  A.  Nagler,  Assoc.  M.  Am.  Soc.  C.  E.:}: 

The  Secretary  presented  the  report  of  the  Tellers  appointed  by  the 
Board  of  Direction  to  canvass  the  final  suggestions  for  members  of 
the  Nominating  Committee,  to  represent  certain  districts,  and  the  fol- 
lowing were  appointed  to  serve  for  two  years : 

C.  Raymond  Hulsart Representing  District  No.  1 

Chas.  R.   Gow "  "  "     2 

William  L.  Stevenson "  "  "4 

L.   P.  Wolff "  "  "7 

Dabney  H.  Maury "  "  "     8 

A.O.Cunningham "  "  "     9 

J.  C.  Stevens "  "  "  12 

A  progress  report  of  the  Special  Committee  to  Codify  Present 
Practice  on  the  Bearing  Value  of  Soils  for  Foundations  was  presented 
by  the  Chairman,  Robert  A.  Cummings,  M.  Am.  Soc.  C.  E.,  in  abstract. 
The  report  was  accepted  and  the  Committee  continued. 

The  second  progress  report  of  the  Special  Committee  on  Stresses  in 
Railroad  Track  was  presented  by  Arthur  N.  Talbot,  Past-President,  Am. 
Soc.  C.  E.,  who  moved  that  the  report  be  received  and  printed  and 
the  Committee  continued.     This  was  duly  seconded  and  carried. 

It  was  moved  that  the  Special  Committee  on  the  Regulation  of 
Water  Rights  be  discharged,  no  report  being  offered  in  the  absence  of 
its  Chairman,  F.  H.  Newell,  M.  Am.   Soc.  C.  E.     This  motion  was 

*  See  Proceedings  for  January,   1920,   pages  89  to  100. 

t  See  page  148. 

t  Transferred  from  the  grade  of  Junior  on  May  13th,  1918. 
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amended  and,  after  considerable  discussion  in  which  it  was  pointed  out 
that  it  would  be  unwise  to  discharge  a  Special  Committee  without  a 
final  report,  an  amended  motion  to  refer  the  matter  to  the  Board  of 
Direction  with  power  was  carried. 

The  Secretary  announced  that  at  a  meeting  of  the  Board  of  Direc- 
tion on  January  20th,  1920,  it  had  been  decided  that  the  Annual  Con- 
vention for  1920  would  be  held  at  Houston,  Tex.,  in  October,  as  the 
postponement  from  June  to  October  would  facilitate  the  business  of 
development  by  giving  time  to  issue  questionnaires  and  prepare  the 
extensive  changes  in  the  Constitution  which  would  be  required. 

L.  D.  Eights,  M.  Am.  Soc.  C.  E.,  Chairman  of  the  Committee  on 
Arrangements,  announced  the  programme  for  the  excursions  and  enter- 
tainments. 

The  Secretary  announced  the  following  deaths : 

William  Lyon  Browne,  of  Westmount,  Que.,  Canada,  elected  Mem- 
ber, January  31st,  1911;  died  November  24th,  1919. 

George  Weston,  of  Chicago,  111.,  elected  Member,  June  5th,  1907; 
died  January  8,  1920. 

The  Secretary  announced  the  election  of  the  following  candidates  on 
January  19th,  1920 : 

As  Members 

John  Capron  Balcomb,  New  York  City 
Carroll  Alfred  Campbell,  Middletown,  Conn. 
James  Ha  worth  Eaton,  Boston,  Mass. 
Herbert  Vaughan  Kent,  London,  England 
Seymour  H.  Knight,  Philadelphia,  Pa. 
Lynn  Orlando  Knowlton,  Indianapolis.  Ind. 
Robert  Cathcart  Latimer,  New  York  City 
Philip  Gustave  Laurson,  Montclair,  N.  J. 
Word  Leight,  Shanghai,  China 
Byron  Wynee  Matteson,  Ogden,  Utah 
John  E-eed,  Washington,  D.  C. 
Earl  Stimson,  Baltimore,  Md. 
Frank  Merrill  Weakley,  Portsmouth,  Md. 
Arthur  Jacob  Widmer,  Webster  Groves,  Mo. 

As  Associate  Members 

Arthur  Carl  Alvarez,  Berkeley,  Cal. 
John  Henry  Bateman,  Ann  Arbor,  Mich. 
Matthew  McClung  Bird.  Nashville,  Tenn. 
Morris  Brown,  Pittsburgh,  Pa. 
Albert  Israel  Bucheker,  Spokane,  Wash. 
Bertie  Harrison  Buck,  Bogalusa,  La. 
Edward  Hugh  Cameron,  Gales  Ferry,  Conn. 
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Lloyd  Angle  Canfield,  Des  Moines,  Iowa 

George  Joseph  Francis  Carey,  Cold  Spring-on-Hudson,  N.  Y. 

William  Cassius  Caye,  Jr.,  Louisville,  Ky. 

Francis  Carlton  Colcord,  Montcoal,  W.  Va. 

Bernard  Labroquere  Crozier,  Baltimore,  Md. 

Anthony  Joseph  Daino,  New  York  City 

Charles  Bedard  Dugan,  Columbus,  Ohio 

Maurice  Elias,  Paris,  France 

James  Patrick  Farrell,  Philadelphia,  Pa. 

George  Edward  Finck,  Baltimore,  Md. 

Abram  Nute  George,  Los  Angeles,  Cal. 

Edward  David  Graffin,  Newport  News,  Va. 

Irving  George  Grundel,  Avila,  Cal. 

John  Church  Hawley,  Detroit,  Mich. 

Frank  Fifield  Healey,  Chicago,  111. 

Trygve  Holst-Grubbe,  New  York  City 

Clarence  Hicker  Hopper,  Newark,  N.  J. 

Leslie  Dillon  Howell,  Chicago,  111. 

Walter  Lawrence  Hull,  Orange,  N.  J. 

Reginald  Heber  James,  Philadelphia,  Pa. 

Harry  Willey  Kenney,  Washington,  D.  C. 

Wilmer  Ziegenfuss  Kline,  Philadelphia,  Pa. 

Oscar  William  Lanzendorf,  San  Francisco,  Cal. 

Hugo  Layer,  Akron,  Ohio 

Walter  Harrison  Lilly,  Kansas  City,  Mo. 

Eugene  Logan,  Spokane,  Wash. 

Herbert  Edward  Lowe,  Berkeley,  Cal. 

Raymond  Rudolph  Lundahl,  Milwaukee,  Wis. 

Thomas  Wakefield  Macartney,  Yakima.  Wash. 

Clarence  William  MoFerron,  Tulsa,  Okla. 

Raymond  Robb  Marsden,  Hanover,  N.  H. 

James  McQueen  Martin,  Kingstree,  S.  C. 

Harry  Lou  Miller,  Kansas  City,  Mo. 

Perry  Kay  Miller,  Montclair,  N.  J. 

John  Donald  Mohler,  St.  Joseph,  Mo. 

John  Marion  Nagle,  Seymour,  Tex. 

George  Lionel  Opper,  Kankakee,  111. 

Ernst  Leopold  Pflanz,  Milwaukee,  Wis. 

Arthur  Clifton  Pillsbury,  Los  Angeles,  Cal. 

Selby  Quattlebaum,  Roanoke,  Ya. 

Ralph  Dennis  Rader,  Miami,  Fla. 

Richard  Barkley  Reasoner,  Pocatello,  Idaho 

Olaf  Andrew  Reed,  Duluth,  Minn. 

Robert  Speirs  Saunders,  New  York  City 

Thorp  Derickson  Sawyer,  Santiago,  Chile 
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Axel  Sophus  Schoyen,  North  Plainfield,  N.  J. 

Charles  Augustus  Shannon,  Nebraska  City,  Nebr. 

Silas  Frederick  Shaw,  Charcas,  Mex. 

Fred  Lester  Simon,  Philadelphia,  Pa. 

Harry  Ealph  S^-andiford,  New  York  City 

Christian  Erle  Stiver,  Cape  Girardeau,  Mo. 

Victor  Gifford  Thomassen,  Paris,  France 

Harrison  Tilghman,  Fasten,  Md. 

Guy  Bradford  Treat,  Oklahoma  City,  Okla. 

Albert  Ellery  Wardwell,  Detroit,  Mich. 

William  Henry  Warnecke,  Camp  Humphreys,  Va. 

Stephen  Carson  Whipple,  San  Francisco,  Cal. 

Sidney  James  Williams,  Chicago,  111. 

George  Morrison  Williamson,  Yonkers,  N.  Y. 

Thomas  Earle  Winn,  Jr.,  Covington,  Va. 

Leo  John  Wykkel,  Kalamazoo,  Mich. 

George  Richmond  Young,  Milwaukee,  Wis. 

As  Juniors 

Armando  Manuel  Alvarez  de  Urrutia,  Havana,  Cuba 

Floyd  Carson  Bedell,  New  York  City 

Mortimer  Fremont  Coon,  Sharon,  Pa. 

William  Thomas  Crowley,  Buffalo,  N.  Y. 

Marx  Harry  Dayne,  St.  Louis,  Mo. 

John  Hawkins  Elleman,  Camp  Humphreys,  Va. 

William  Raymond  H.\rtline,  Houston,  Tex. 

Caspar  Ferdinand  Henning,  Chicago,  111. 

Nelson  Hartwell  Huntley,  Pittsburgh,  Pa. 

William  Martin  Kaiser,  Portland,  Ore. 

Porter  Eugene  Phipps  Marshell,  Berkeley,  Cal. 

Henry  Jordan  Ponsford,  El  Paso,  Tex. 

Franklin  Orth  Rose,  Dayton,  Ohio 

Eberle  Upshaw  Stevenson,  Little  Rock,  Ark. 

Eugene  Roland  Wiseman,  Altamont,  111. 

The  Secretary  announced  the  transfer  of  the  following  candidates: 

From  Associate  to  Associate  Member 
Edmund  Joseph  Barry,  Camp  Dix,  N.  J. 

From  Associate  Member  to  Member 

William  Henry  Adams,  Detroit,  Mich. 
William  Godfrey  Arn,  Chicago,  111. 
Charles  Smith  Bilyeu,  New  York  City 
Paul  Alexander  Blackwell,  Roanoke,  Va. 
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Edward  Gilman  Carey,  Hinsdale,  N.  H. 
Arnold  Goodwin  Chapman,  Albany,  N.  Y. 
Lloyd  Tilghman  Emory,  Philadelphia,  Pa. 
Howard  Carlton  Ford,  Denver,  Colo. 
Howard  Whittier  Holmes,  Oakland,  Cal. 
Clarence  Sylvester  Jarvis,  Benicia,  Cal. 
Andrew  Lenderink,  Kalamazoo,  Mich. 
Clark  Eogers  Mandigo,  Kansas  City,  Mo. 
Alfred  James  Salisbury,  Jr.,  Los  Angeles,  Cal. 
James  Forrest  Sanborn,  New  York  City 
Edward  Gwyn  Sheibley,  Riverside,  Cal. 
Hugo  Conrad  Soest,  New  York  City 
James  Bigelow  Steep,  Indianapolis,  Ind. 
Charles  Henry  Stevens,  Philadelphia,  Pa. 
Arthur  John  Turner,  Spokane,  Wash. 
Joseph  Johnson  Yogdes,  Philadelphia,  Pa. 
Frederick  Calhoun  Wyse,  Columbia,  S.  C. 

From  Junior  to  Associate  Member 

Nathan  Thomas  Ashkins,  Chicago,  111. 
QuiNCY  Claude  Ayres,  Washington,  D.  C. 
Donald  McCord  Baker,   San  Francisco,  Cal. 
Roy  Prentice  Bishop,  Wilmington,  N.  C. 
Harry  William  Bolin,  San  Francisco,  Cal. 
Nicholas  Colas,  Santiago  de  Cuba 
Clarence  Dexter  Conway,  Los  Molinos,  Cal. 
Hyde  Forbes,  Visalia,  Cal. 
Edwin  Ferdinand  Koester,  Wilmington,  Del. 
Eugene  Frederick  Mail,  Robinson,  111. 
William  James  Henry  Manning,  Albany,  N.  Y. 
John  Frederick  Partridge,  Pittsburgh,  Cal. 
RoscoE  Perkins,  Cornwells  Heights,  Pa. 
Eric  Houghton  Rhodes,  Auckland,  New  Zealand 
Harold  Whitney  Roberts,  Houston,  Tex. 
William  Ernest  Robinson,  Springfield,  Mo. 
John  Thad  Whitney,  Northfield,  Yt. 

R.  L.  Humphrey,  M.  Am.  Soc.  C.  E.,  moved  that  the  report  of  the 
Committee  on  Development  be  taken  up  for  consideration,  and  Gardner 
S.  Williams,  M.  Am.  Soc.  C.  E.,  moved  that  when  the  meeting  adjourn, 
it  adjourn  to  2.30  in  the  afternoon.  Mr.  Rights  offered  an  amendment 
that  an  after-meeting,  or  a  new  meeting,  be  held  at  2.30.  After  con- 
siderable discussion  on  the  question  whether  such  an  after-meeting 
would  have  authority  to  take  action  on  the  report,  it  was  voted  to  take 
up  the  report  of  the  Development  Committee. 
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The  Secretary  read  the  resolutions*  passed  by  the  Board  of  Direc- 
tion at  a  meeting-  on  January  19th. 

The  President  urged  full  and  free  discussion  of  the  report  of  the 
Committee  on  Development.  Mr.  Humphrey  offered  a  resolutiont 
approving  the  fundamental  recommendations  of  the  Committee  on 
Development  and  instructing  the  Board  of  Direction  to  submit  the 
resolution  and  a  questionnaire  to  the  membership  for  letter  ballot. 

J.  C.  Ralston,  M.  Am.  Soc.  C.  E.,  of  Spokane,  Wash.,  speaking  for 
the  members  of  the  Society  in  the  Pacific  Northwest,  strongly  urged 
progressive  action  following  the  lines  of  the  report  of  the  Committee 
on  Development.  It  was  then  moved  and  carried  that  discussion  on 
the  resolution  offered  by  Mr.  Humphrey  be  made  a  special  order  of 
business  for  2.30  p.  M. 

The  Secretary  read  the  report  of  the  Tellers  appointed  to  canvass 
the  Ballot  for  Officers  for  the  ensuing  year.  The  President  announced 
the  election  of  the  following  officers: 

President,  to  serve  one  year: 

Arthur  P.  Davis,  Washington,  D.  C. 

Vice-Presidents,  to  serve  two  years: 

Egbert  A.  Cummings,  Pittsburgh,  Pa. 
Francis  Lee  Stuart,  New  York  City 

Treasurer,  to  serve  one  year: 
Arthur  S.  Tuttle,  New  York  City 

Directors,  to  serve  three  years: 
Carleton  Greene,  New  York  City 
Clarence  W.  Hudson,  New  York  City 
John  A.  O'Connor,  Albany,  N.  Y. 
John  C.  Hoyt,  Washington,  D.  C. 
Anson  Marston,  Ames,  Iowa 
David  C.  Henny,  Portland,  Ore. 

Arthur  N.  Talbot  and  George  P.  Swain,  Past-Presidents,  Am.  Soc. 
C.  E.,  conducted  Mr.  Davis  to  the  chair. 
Mr.  Davis  addressed  the  meeting.:}: 

Afternoon  Session. 

The  meeting  was  called  to  order  at  2.30  p.  m.  in  the  Auditorium, 
President  Curtis  in  the  chair;  Chas.  Warren  Hunt,  Secretary;  and 
present,  also,  about  800  members. 

*  See  page  164. 
t  See  page  166. 
%  See  page  171. 
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The  afternoon,  as  set  forth  in  the  report  in  full  of  the  Annual 
Meeting,*  was  devoted  to  an  extended  discussion  of  the  proposals  in 
connection  with  the  report  of  the  Committee  on  Development.  Mr. 
Humphrey's  resolution,  with  certain  amendments,  was  adopted. 

F.  J.  Sprague,  M.  Am.  Soc.  C.  E.,  addressed  the  meeting  on  behalf 
of  a  resolutionf  endorsing  the  movement  to  increase  the  pay  of  the 
commissioned  and  enlisted  personnel  of  the  Army,  Navy,  Marine  Corps, 
Coast  Guard  and  Public  Health  Services,  which  was  carried  unani- 
mously. 

r.  W.  Scheidenhelm  advocated  the  appointm'ent  of  a  Special  Com- 
mittee on  Water  Power  Development,  and  moved  that  it  was  the  sense 
of  the  meeting  that  such  a  Special  Committee  should  be  appointed  by 
the  Board  of  Direction. 

Motion  carried. 

Meeting  adjourned. 

Resolution   Adopted   at   Informal    Meeting   During   Annual   Smoker, 
January  22d,   1920 

At  an  informal  meeting  during  the  Annual  Smoker,  President  Davis 
presiding,  the  following  resolution  was  offered  by  C.  E.  Fowler,  M.  Am. 
Soc.  C.  E.,  seconded  by  J.  C.  Ralston,  M.  Am.  Soc.  C.  E.,  and  fifteen  or 
twenty  others,  and  unanimously  adopted: 

"Whereas :  Dr.  Chas.  Warren  Hunt,  who  has  been  our  Secretary 
fpr  the  past  25  years,  has  asked  to  be  retired  from  active  service. 

"Be  it  resolved:  That  we,  the  members  of  the  Society  assembled  at 
the  Annual  Meeting,  express  to  Dr.  Hunt  our  concern  at  our  loss  in  his 
active  charge  of  the  affairs  of  the  Society,  and  wish  him  Godspeed  to 
full  recovery  of  his  health,  and  for  many  happy  years  as  Secretary 
Emeritus  of  the  vSociety,  which  position  we  are  pleased  to  know  has 
been  created  for  him. 

"We  desire  further  to  express  our  great  appreciation  of  the  wonder- 
ful work  he  has  done  in  building  up  the  Society  to  its  present  large 
membership  and  high  standard.  The  efficient  organization  he  has 
built  up  will  carry  the  Society  to  still  further  heights  in  its  helpful- 
ness to  the  Civil  Engineers  of  our  country  and  of  the  world. 

"We  further  felicitate  Dr.  Hunt  and  our  Board  of  Direction  for  the 
provision  made  for  his  future,  thus  preserving  to  the  Society  his  services 
and  advice  for  our  further  progress." 

February  4th,  1920.— The  meeting  was  called  to  order  at  8.30  P.  M.; 
Vice-President  Herbert  S.  Crocker  in  the  chair  and  acting  as  Secre- 
tary ;  and  present  89  members  and  guests. 

The  minutes  of  the  meetings  of  December  17th,  1919,  and  January 
7th,  1920,  were  approved  as  printed  in  Proceedings  for  January,  1920. 

An  illustrated  lecture  on  "Grouting  Operations,  Catskill  Water 
Supply",  by  James  F,  Sanborn  and  M.  E.  Zipser,  Associate  Members,:}: 

*  See  pages  173  to  218. 

t  See  page  215. 

t  Mr.  Sanborn  was  transferred  to  the  grade  of  Member  on  January  20th,  1920. 
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Am.  Soc.  C.  E.,  was  presented  by  Mr.  Sanborn.  Many  of  tbe  engineers 
connected  with  tbe  Board  of  Water  Supply  were  present,  and  a  full 
discussion  followed.  The  following  contributed  to  the  discussion, 
relating  experiences  on  this  or  similar  work :  Robert  Ridgeway,  J.  Waldo 
Smith,  Lazarus  White,  John  P.  Hogan,  M.  H.  Freeman,  Francis  Don- 
aldson, W.  C.  Briggs,  A.  J.  Sackett,  C.  L.  Riker,  Jr.,  and  B.  A.  Howes. 

The  Chairman  announced  the  following  deaths: 

Frederick  William  Leiinartz,  of  Remscheid,  Germany,  elected 
Member,  August  6th,  1879 ;  died  February  14th,  1919. 

Reginald  Gillon  Christophers,  of  Auckland,  New  Zealand,  elected 
Associate  Member,  June  24th,  1914;  died  October  13th,  1918. 

Adjourned. 

OF  THE  BOARD  OF  DIRECTION 

(Abstracts) 

January  19th,  1920. — The  Board  met  at  10.10  a.  m.  ;  President 
Curtis  in  the  chair;  Chas.  Warren  Hunt,  Secretary;  and  present, 
also,  Messrs.  Alvord,  Clark,  Coleman.  Crocker,  Davis,  Elwell.  Flinn, 
Hawgood,  Herschel,  Ketchum,  Langthorn,  Lewis,  Metcalf,  Pegram, 
Rights,  Talbot,  Tuttle,  Wagner,  and  Wall. 

Mr.  Lewis,  Chairman  of  the  Finance  Committee,  presented  a  sug- 
gested Budget  for  1920  which  was  recommended  to  the  favorable  con- 
sideration of  the  incoming  Board. 

Mr.  Flinn,  Chairman  of  the  Library  Committee,  presented  its 
report,  which  included  the  following : 

"Several  matters  are  still  before  the  Committee  for  consideration. 
Among  these  are : 

"1.  Utilization  of  Proceedings  Instead  of  Transactions. 

At  the  October  meeting  of  the  Board,  your  Chairman  reported  that 
the  Committee  was  considering  a  suggestion  to  omit  the  publication  of 
the  Transactions  (which  cost  from  $20  000  to  $25  000  annually),  and 
find  some  way  to  utilize  the  Proceedings.  Thus  far  the  Committee  has 
not  been  able  to  offer  any  satisfactory  solution  of  this  problem.  Due 
to  the  printers'  strike,  the  Committee  has  not  been  able  to  secure  the 
attention  of  the  publishers  to  the  extent  necessary  to  work  out  any 
proposed  solution. 

''2.  Professional  Record  of  Members. 

The  October  meeting  of  the  Board  referred  to  the  Publication 
Committee  the  matter  of  the  proposed  publication  of  the  professional 
record  of  members.  This  has  been  discussed  in  the  Committee,  with 
the  suggestion  that  such  a  publication  to  be  successful  should  be 
handled  on  a  commercial  basis  by  some  outside  corporation.  The  Com- 
mittee is  endeavoring  to  secure  the  views  of  some  of  the  publishing 
houses. 
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"3.  Abstracts  of  Current  Literature. 

Suggestions  have  been  made  to  the  Committee  from  time  to  time  in 
regard  to  abstracting  articles  appearing  in  the  current  engineering 
periodicals.  Your  Committee  has  given  this  matter  careful  considera- 
tion, but  has  not  seen  its  way  clear  to  work  out  any  satisfactory  scheme 
of  abstracting,  without  adding  a  considerable  amount  to  the  cost  of 
publication. 

"4.  Advertising. 

It  has  been  suggested  to  your  Committee  that  the  increased  expenses 
of  publication,  the  expense  of  abstracting  current  publications,  and 
other  general  expenses,  could  be  met  by  an  arrangement  whereby  the 
Society  accepted  commercial  advertising  for  its  Proceedings.  Your 
Committee  has  felt  that  this  is  a  matter  which  should  await  the  working 
out  of  the  various  changes  in  the  publications  suggested  by  the  Develop- 
ment Committee. 

"5.  Index. 

The  last  Index  of  the  Transactions  was  published  in  1912,  and  the 
Index  should  be  brought  up  to  date  as  soon  as  possible." 

Mr.  Kights,  Chairman  of  the  Committee  to  confer  with  a  committee 
of  the  American  Railway  Engineering  Association,  reported  as  follows : 

"At  a  recent  meeting  of  the  Board,  a  Conference  Committee  of  three, 
composed  of  J.  E.  Greiner,  George  H.  Pegram  and  L.  D.  Rights,  was 
appointed  to  confer  with  a  committee  on  Iron  and  Steel  Structures,  of 
the  American  Railway  Engineering  Association,  to  see  if  it  was  pos- 
sible to  agree  on  a  uniform  column  formula,  and  to  report  back  to  the 
Board. 

"The  Conference  Committee  of  the  American  Railway  Engineering 
Association  consisted  of  Prof.  E.  E.  Turneaure,  Chairman,  A.  W.  Car- 
penter, W.  H.  Moore,  and  Albert  Reichman. 

"The  two  committees  met  at  the  Engineering  Societies  Building, 
New   York,    October    17th,    1919,    and    Dean    Turneaure   was   elected 
Chairman  and  L.  D.  Rights  Secretary  of  the  Joint  Conference. 
"The  committees  agreed  on  the  following  propositions: 
"1.  That  it  is  not  desirable  to  have  a  common  working  stress  column 
formula  for  all  types  of  structures. 

"2.  That  it  is  the  sense  of  this  Joint  Conference  Committee  that  it 
is  desirable  to  have  one  common  working  stress  column  formula  for  all 
bridge  work,  designed  on  a  static  load  basis.  It  is  agreed  that  such  a 
common  working  formula  should  be  properly  safeguarded  by  provisions 
against  undue  slenderness  of  columns  or  the  use  of  over-thick  material 
in  the  design. 

"3.  It  is  agreed  that  the  Joint  Conference  Committee  recommends 
that  the  working  column  formula  for  static  loads  for  bridge  work  be 

I 
15  000  lb.  minus  50  — ,  truncated  to  12  500  lb. 
r 

"No  agreement  was  reached  at  the  Conference  as  to  the  point  where 
the  column  formula  should  be  cut  off  to  avoid  undue  slenderness,  but 
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it  is  the  feeling  of  your  Conference  Committee  that  the  point  of  cut-off 

I 
should  be  at  slenderness  ratio  —  ==  120." 

r 

The  Special  Committee  appointed  by  the  Board  to  study  and  review 
the  report  of  the  Committee  on  Development,  Mr.  J.  W.  Alvord,  Chair- 
man, presented  its  report  in  pamphlet  form  and  the  same  was  received 
and  referred  to  the  Annual  Meeting  of  the  Society.* 

The  Minutes  of  the  Executive  Committee  Meetings  held  on  Novem- 
ber 13th  and  December  19th,  1919,  were  formally  approved. 

The  acceptance  of  Messrs.  W.  M.  Dawley  and  J.  B.  Jenkins  as 
additional  members  of  the  Special  Committee  on  Stresses  in  Railroad 
Track  was  reported. 

In  accordance  with  the  action  of  the  Board  on  October  14th,  1919, 
President  Curtis  reported  his  appointment  of  Messrs.  Rudolph  P. 
Miller,  Chairman,  W.  Iv.  Hatt,  A.  E.  Lindau,  W.  A.  Slater  and  S.  E. 
Thompson  to  represent  the  Society  on  the  Joint  Committee  to  Formulate 
Special  Specifications  for  Reinforced  Concrete. 

Notice  was  given  of  the  appointment  and  acceptance  of  Messrs. 
H.  E.  Breed,  George  W.  Tillson  and  A.  B.  Fletcher  as  a  Special  Com- 
mittee on  Highway  Engineering. 

Mr.  Hawgood,  having,  at  the  October  Meeting,  been  appointed 
Chairman  of  the  Local  Committee  of  Arrangements  for  the  1920  Annual 
Convention,  which  is  scheduled  to  be  held  in  District  No.  11,  stated  he 
had  been  authorized  to  invite  members  to  meet  in  both  Houston  and 
Los  Angeles.  After  some  discussion,  including  the  taking  of  informal 
ballots,  it  was  decided  to  hold  the  Convention  in  Houston,  Tex.,  in  the 
month  of  October. 

Adjourned. 

January  2oth,  1920.— The  Board  met  at  10  a.  m.;  President  Curtis 
in  the  chair;  Chas.  Warren  Hunt,  Secretary;  and  present,  also,  Messrs. 
Alvord,  Beahan,  Clark,  Coleman,  Crocker,  Davis,  Elwell,  Flinn,  Fort, 
Hawgood,  Herschel,  Ketehum,  Langthorn,  Marx,  Metcalf,  O'Connor, 
Pegram,  Rights,  Talbot,  Tuttle,  Wagner  and  Wall. 

At  the  request  of  the  American  Engineering  Standards  Committee, 
it  was  voted  that  this  Society  act  as  a  Joint  Sponsor  with  the  American 
Railway  Engineering  Association  for  the  organization  of  a  Sectional 
Committee  to  deal  with  the  subject  of  harmonizing  American  and 
Canadian  practice  in  the  matter  of  steel  railway  bridge  specifications. 

Approval  was  given  to  a  proposed  Constitution  of  New  York  Asso- 
ciation of  Members. 

Similar  action  was  taken  regarding  a  Constitution  of  Iowa 
Association  of  Members. 

•  See  page  232. 
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Martin  Schreiber  was  re-appointed  for  a  three-year  term  on  the 
American  Engineering  Standards  Committee. 

The  term  of  Dr.  Chas.  Warren  Hunt,  as  one  of  the  Society's  Trus- 
tees of  United  Engineering  Society,  expired  on  January  22d,  1920. 
Past-President  George  H.  Pegram  was  appointed  as  Trustee  for  the 
ensuing  term. 

A.  S.  Baldwin  was  appointed  to  succeed  Onward  Bates  on  the 
Washington  Award  Commission,  the  term  of  the  latter  expiring  Janu- 
ary, 1920. 

Action  was  taken  in  regard  to  members  in  arrears  for  dues.  The 
resignations  of  14  Members,  50  Associate  Members,  1  Associate  and  11 
Juniors,  were  accepted. 

Ballots  for  membership  M-ere  canvassed,  resulting  in  the  election  of 
14  Members,  69  Associate  Members,  15  Juniors,  and  the  transfer  of  17 
Juniors  to  the  grade  of  Associate  Member. 

Twenty-one  Associate  Members  were  transferred  to  the  grade  of 
Member,  and  1  Associate  was  transferred  to  the  grade  of  Associate 
Member. 

Adjourned. 

January  2ist,  1920. — The  Board  met  at  5.56  P.  M.,  at  the  Head- 
quarters of  the  Society,  33  West  39th  Street,  New  York  City,  at  the 
time  of  the  Annual  Meeting,  as  required  by  the  Constitution  (Art.  VI, 
Sec.  7) ;  President  Davis  in  the  chair ;  Chas.  Warren  Hunt,  Secre- 
tary; and  present,  also,  Messrs.  Alvord,  Beahan,  Clark,  Crocker,  Cum- 
mings,  Curtis,  Elwell,  Fort,  Greene,  Hawgood,  Henny,  Herschel,  Hoyt, 
Hudson,  Ketchum,  Langthorn,  Marston,  Marx,  Metcalf,  O'Connor, 
Pegram,   Stuart,  Talbot,  Tuttle,  Wagner  and  Wall. 

The  Board  adopted  a  Budget  for  the  year  1920. 

President  Davis  was  authorized  to  appoint  Standing  Committees 
of  the  Board  for  the  ensuing  year. 

The  next  order  of  business  was  stated  to  be  the  election  of  a 
Secretary. 

Chas.  Warren  Hunt  addressed  the  Board,  and  briefly  stated  that  he 
had  reluctantly  concluded  to  ask  the  Board  to  relieve  him  from  the 
duties  of  the  office  of  Secretary.  He  explained  that  owing  to  the 
condition  of  his  health,  and  the  great  pressure  of  work,  especially  during 
the  last  three  years,  he  had  arrived  at  the  conclusion  that  this  course 
was  necessary,  and  that  it  was  the  only  solution  of  the  matter.  He 
felt  it  would  be  to  the  best  interests  of  the  Society  to  appoint  a  new 
Secretary  who  would  be  wholly  responsible  to  the  Board;  that  at  sev- 
eral times  in  the  past  he  had  endeavored  to  secure  the  services  of 
aai  AsMstant  Secretary  who  would  be  able  to  handle  the  executive 
details  in  such  a  way  as  to  give  the  Secretary  time  to  attend  only  to 
the  general  business  of  the  Society,  but  that  all  efforts  in  this  direction 
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had  failed,  leading  him  to  the  belief  that  a  new  Secretary  should  now 
be   appointed. 

The  Secretary  then  retired. 

After  considerable  discussion  and  the  taking  of  ballots  to  deter- 
mine the  policy  of  the  Board  and  to  elicit  the  individual  opinions  of 
its  members,  the  following  resolution  was  adopted : 

"Whereas,  Dr.  Charles  Warren  Hunt  after  twenty-five  years  of 
devoted  and  efficient  service  as  Secretary  of  the  American  Society  of 
Civil  Engineers,  during  which  he  has  contributed  to  its  upbuilding  and 
prosperity  to  a  degree  which  places  the  Society  under  lasting  obliga- 
tion to  him,  has  indicated  his  desire  to  be  relieved  from  active  duty;  and 

"Whereas,  he  possesses  an  intimate  knowledge  of  the  business  of 
the  Society  and  an  extensive  acquaintance  with  its  membership,  which 
render  his  advice  and  assistance  of  the  greatest  value  to  the  Society 
and  its  Board  of  Direction,  the  benefit  of  which  they  can  ill  afford  to 
lose;  therefore,  be  it 

"Resolved:  That  Dr.  Charles  Warren  Hunt  be  and  is  hereby 
appointed  Secretary  Emeritus  of  the  American  Society  of  Civil  Engi- 
neers at  a  salary  of  $9  000  for  the  coming  year,  and  a  salary  of  $6  000 
per  annum  thereafter,  with  such  duties  as  the  Board  of  Direction  may 
assign  to  him." 

Adjourned. 

January  22nd,  1920, — The  Boaid  met  at  9.30  a.  m.;  President 
Davis  in  the  chair;  Chas.  Warren  Hunt,  Secretary;  and  present,  also, 
Messrs.  Alvord,  Beahan,  Clark,  Crocker,  Cummings,  Curtis,  Greene, 
Hawgood,  Henny,  Herschel,  Hoyt,  Hudson,  Jvetchum,  Langthorn, 
]\£arston,  Metcalf,  Pegram,   Stuart,  Talbot,  Tuttle  and  Wall. 

President  Davis  announced  his  appointment  of  the  Standing  Com- 
mittees  of   the   Board. 

At  the  suggestion  of  a  Nominating  Committee  consisting  of  Messrs. 
Davis,  Marx  and  Wall,  there  was  appointed  a  Committee  of  seven  to 
prepare  and  submit  to  the  membership  the  necessary  questionnaire 
covering  essential  recommendations  of  the  Committee  on  Development, 
the  Special  Committee  of  the  Board,  and  recommendations  and  instruc- 
tions of  the  Annual  Meeting,  relating  to  this  subject.  The  appointees 
were  Messrs.  A.  N.  Talbot,  Leonard  Metcalf,  M.  S.  Ketchum,  Harry 
Hawgood,  J.  C.  Hoyt,  E..  A.  Cummings  and  C.  C.  El  well. 

It  was  moved,  seconded  and  carried  that  after  canvassing  the 
results  of  the  questionnaire  to  be  issued  to  the  membership,  this  Com- 
mittee proceed,  if  necessary,  to  formulate  appropriate  amendments 
to  the  Constitution,  and  submit  the  same  to  the  Board  of  Direction 
without  delay,  and  at  all  events  early  enough  to  insure  their  con- 
sideration at  the  Annual  Convention. 

It  was  moved,  seconded  and  carried  that  the  amount  of  $2  000,  or 
so  much  thereof  as  necessary,  be  appropriated  for  the  use  of  this 
Committee. 
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A  motion  was  made  and  carried  that  Secretary  Chas.  Warren  Hunt 
be  granted  leave  of  absence  for  six  months  owing  to  the  condi- 
tion of  his  health,  and  that  his  services  as  Secretary  Emeritus  begin 
when  the  successor  takes  office  as   Secretary. 

The  following  resolution  was  adopted: 

" Resolved:  That  the  Executive  Committee  be  empowered  to  desig- 
nate an  Acting  Secretary  and  to  employ  such  clerical  and  other 
assistants  as  may  be  necessary  to  the  proper  conduct  of  the  Society's 
business  during  the  absence  on  leave  of  Dr.  Hunt  or  until  a  new 
Secretary  shall  have  been  duly  elected  and  installed  in  office  and  to 
incur  the  necessary  expense  in  connection  therewith."* 

Preliminary  measures  were  taken  for  the  selection  of  a  Secretary 
to  succeed  Chas.  Warren  Hunt. 

On  motion  it  was  ordered  that  the  Report  in  Full  of  the  Annual 
Meeting  be  put  in  type  and  sent  out  with  the  questionnaire  concerning 
the  Report  of  the  Committee  on  Development. 

Adjourned. 

*  Conforming  with  this  action,  the  Executive  Committee  designated  Vice-Presi- 
dent Herbert  S.  Crocker  to  act  as  Secretary  during  the  leave  of  absence  of  Chas. 
"Warren  Hunt,  or  until  the  new  Secretary  shall  have  been  elected  by  the  Board  of 
Direction. 
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REPORT  IN  FULL  OF  THE  SIXTY-SEVENTH  ANNUAL  MEETING, 
JANUARY  21ST  AND  22D,  1920 

Wednesday,  January  3ist,  1920  (10  A.  M.). — The  Sixty-seventh 
Annual  Meeting  was  called  to  order  in  the  Auditorium  of  the  Engineer- 
ing Societies  Building,  39  West  39th  Street,  New  York  City ;  President 
Fayette  S.  Curtis,  in  the  chair;  Charles  Warren  Hunt,  Secretary;  and 
present,  also,  about  700  members. 

The  President. — I  announce  the  appointment  of  the  following 
tellers,  Ralph  H.  Chambers,  Kenneth  Allen,  Nathan  C.  Johnson,  J.  C. 
Meem,  F.  W.  Perry,  C.  D.  Pollock  and  Harold  Tait,  to  canvass  the 
ballot  for  officers,  and  their  report  will  be  ready  for  presentation  before 
the  close  of  the  meeting. 

The  next  thing  in  order  is  the  report  of  the  Board  of  Direction.  Mr. 
Secretary,  will  you  please  read  the  report? 

(The  Secretary  presented  the  Annual  Report  of  the  Board  of  Direc- 
tion for  the  year  ending  December  31st,  1919.*) 

The  Secretary. — In  order  that  there  should  be  no  misunderstand- 
ing about  that  statement  regarding  reduction  of  interest  rate  on  the 
mortgage,  I  will  say  that  it  costs  us  1%  to  make  the  transfer.  The 
mortgage,  however,  having  five  years  to  run,  the  resulting  saving  to 
the  Society  will  be  $6  000.  The  reports  of  the  Secretary  and  of  the 
Treasurer  are  appended. 

The  President. — You  have  the  report  of  the  Board  of  Direction 
before  you.    What  is  your  pleasure? 

Allen  Hazen,  M.  Am.  Soc.  C.  E. — I  move  that  it  be  accepted. 

(Motion  seconded.) 

The  President. — You  have  heard  the  motion,  that  the  report  of  the 
Board  of  Direction  be  accepted.  All  in  favor  of  the  motion  will  please 
say  "aye" ;  contrary  "no".    It  is  accepted. 

The  next  is  the  report  of  the  Secretary.! 

The  Secretary. — Mr.  President,  the  report  of  the  Secretary  is  prac- 
tically a  statement  of  the  receipts  and  disbursements  of  the  fiscal  year 
ending  December  31st,  1919,  together  with  the  balance  sheet.  This  bal- 
ance sheet  accompanying  the  report  shows  the  assets  of  the  Society,  in 
a  bookkeeping  way,  to  be  $1280  682.30.  The  liabilities,  in  order  to 
balance  that,  show  that  we  have  a  surplus  of  $1  002  859.06. 

The  President.— What  is  your  pleasure  as  to  the  report  of  the 
Secretary  ? 

G.  W.  KiTTREDOE,  M.  Am.  Soc.  C.  E. — I  move  that  it  be  accepted. 

(Motion  seconded.) 

The   President. — It   is   moved   and   seconded   that  the   report   be 

accepted.    All  in  favor  please  say  "aye" ;  contrary,  "no".    The  report  is 

accepted. 

•  See  Proceedings,  Am.  Soc.  C.  E.,  January,  1920,  p.  89. 
t  See  Proceedings,  Am.  Soc.  C.  E.,  January,  1920,  p.  98. 
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The  President. — The  next  is  the  report  from  the  Treasurer. 

Arthur  S.  Tuttle,  M.  Am.  Soc,  C.  E. — Mr.  President  and  gentle- 
men, the  Treasurer's  report  for  the  year  1919  is  as  follows : 

(Reads  Treasurer's  report.*) 

Charles  Hansel,  M.  Am.  Soc.  C.  E. — I  move  the  report  be  accepted. 

(Motion  seconded.) 

The  President. — You  have  heard  the  motion,  gentlemen,  that  the 
report  of  the  Treasurer  be  accepted.  All  in  favor  please  say  "aye"; 
contrary  "no".    It  is  accepted. 

The  next  is  the  Committee  to  Recommend  the  Award  of  Prizes. 

The  Secretary. — This  report  to  the  Board  of  Direction,  dated 
November  28th,  1919,  is  as  follows : 

"The  Board  of  Direction, 

"American  Society  of  Civil  Engineers, 

,     "33  West  39th  Street, 
"New  York  City. 
"Dear  Sirs: 

"The  Committee  appointed  by  President  F.  S.  Curtis  on  April  25th, 
1919,  to  recommend  the  award  of  prizes  for  the  year  1919  begs  to  report 
as  follows.  The  Committee  has  carefully  considered  all  of  the  papers 
published  in  Volume  82  of  the  Transactions  and  recommends  that  Paper 
No.  1403,  'The  Cape  Cod  Canal',  by  William  Barclay  Parsons,  M.  Am. 
Soc.  C.  E.,  be  awarded  The  Norman  Medal  ;  that  Paper  No.  1418,  'The 
Stress  Measurement  on  the  Hell  Gate  Bridge',  by  D.  B.  Steinman,  M. 
Am.  Soc.  C.  E.,  be  awarded  The  J.  James  R.  Croes  Medal;  that  Paper 
No.  1417,  'The  Hell  Gate  Arch  Bridge',  by  O.  H.  Ammann,  M.  Am.  Soc. 
C.  E.,  be  awarded  The  Thomas  Fitch  Rowland  Prize;  that  Paper  No. 
1413,  'The  Manhattan  Elevated  Railway  Improvements',  by  F.  W. 
Gardiner  and  S.  Johannesson,  Members  Am.  Soc.  C.  E.,  be  awarded 
The  James  Laurie  Prize  ;  and  that  Paper  No.  1409  on  'Obstructions  of 
Bridge  Piers'  by  Floyd  A.  Nagler,  Assoc.  M.  Am.  Soc.  C.  E.,  be  given 
The  Collingwood  Prize  for  Juniors. 

"Very  truly  yours, 

"Albert  S.  Crane, 
"Ralph  Modjeski, 
"Arsene  Perrilliat." 

I  have  to  announce,  Mr.  President,  that  the  Board  of  Direction  has 
awarded  these  prizes  in  accordance  with  the  recommendations  of  this 
Committee. 

The  President. — It  is  customary  at  this  time  to  appoint  the  mem- 
bers of  the  Nominating  Committee  for  the  different  districts.  You  will 
hear  first  the  report  of  District  No.  1.  The  ballots,  as  I  understand, 
have  been  canvassed. 

The  Secretary. — The  ballots  have  been  canv<assed. 

The  President. — The  Secretary  will  read  the  report. 

*  See  Proceedings,  Am.   Soc.  C.  E.,  January,   1920,  p.  100. 
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The  Secretary. — The  final  suggestions  for  members  of  the  Nom- 
inating Committee  were  canvassed  by  the  Committee  of  the  Board  of 
Direction,  consisting  of  Messrs.  Flinn,  Eights  and  Clark,  Tellers,  and 
I  will  read  from  their  report,  as  suggested  by  the  President. 

The  report  follows : 

"To  THE  Board  of  Direction  : 

"The  undersigned  tellers  report  the  result  of  canvass  of  Final  Sug- 
gestions for  Members  of  the  Nominating  Committee  in  the  several 
districts  as  follows : 

"District  No.  l.—G.  Raymond  Hulsart 248 

William  A.  Howell 118 

George  D.  Snyder 51 

Scattering    13 

Total    430 

"District  No.  ;g.— Chas.  R.  Gow 91 

Frank  E.  Winsor 53 

C.  M.  Spofford 24 

Scattering  8 

Total   176 

"District  No.  Jf. — William  L.   Stevenson 50 

Robert  Farnham 30 

E.B.Whitman 26 

Scattering 19 

Total   125 

"District  No.  7.—L.  P.  Wolff 56 

W.  C.  Hoad 52 

H.  E.  Riggs 17 

Scattering    11 

Total   136 

"Distnct  No.  5.— Dabney  H.  Maury 79 

W.  W.  De  Berard 25 

D.  J.  Brumley 25 

Scattering    1 ' 

Total   146 

"District  No.  9.— A.  O.  Cunningham 70 

Chas.  H.  Miller 20 

Baxter  L.  Brown 17 

Scattering    6 

Total   113 
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"District  No.  12.— J.  C.  Stevens 34 

A.  J.  Wiley 19 

D.  C.  Henny* 7 

Joseph  Jacobs 2 

Scattering    7 

Total   69 

"Respectfully  submitted, 

"Alfred  D.  Flinn, 
"Lewis  D.  Rights, 
"Geo.  Hallett  Clark, 

"Tellers." 

The  Districts  were  taken  up  separately,  and,  by  vote  of  the  meeting, 
the  following  members  of  the  Nominating  Committee  were  appointed 
to  serve  for  two  years : 

C.  Raymond  Hulsart Representing  District  No.  1 

Chas.  R.  Gow "  "  "    2 

William   L.    Stevenson "  "  "     -4 

L.  P.  WolS "  "  "7 

Dabney   H.    Maury "  "  "     8 

A.  O.  Cunningham "  "  "9 

J.  C.   Stevens "  "  "  12 

The  President. — I  now  call  for  the  report  of  the  Special  Committee 
to  Codify  Present  Practice  on  the  Bearing  Value  of  Soils  for  Founda- 
tions, of  which  Mr.  R.  A.  Cummings  is  Chairman.  Is  Mr.  Cummings 
present  ? 

The  Secretary. — Mr.  President,  before  Mr.  Cummings  starts,  I 
have  been  requested  to  give  a  notice  that  a  meeting  of  the  Members 
of  the  Society  who  are  United  States  Assistant  Engineers  will  be 
held  to-day  at  4.30  p.  M.  in  the  Past-Presidents'  Room,  in  this  build- 
ing, on  the  16th  floor.  An  endeavor  has  been  made  to  notify  each  of 
these  gentlemen  as  he  came  in ;  but  possibly  some  one  may  have  escaped, 
and  I  give  this  notice  in  hope  that  we  will  catch  everybody. 

Robert  A.  Cummings,  M.  Am.  Soc.  C.  E. — Mr.  President  and  Fellow 
Members  of  the  Society :  Your  Committee  on  Soils  has  a  report  to  pre- 
sent to  you  this  year,  that  is  somewhat  of  an  enumeration  of  its  activi- 
ties during  the  war.  Its  work,  like  others,  has  been  the  product  of 
reconstruction,  and  we  are  not  yet  in  running  gear  for  what  might  be 
called  continuous  operation.  The  report  is  somewhat  voluminous, 
and  it  would  take  me  about  three  hours  to  read  it.  I  am  sure  you  do 
not  want  to  bear  with  me  for  that  length  of  time.  I  shall  simply  relate 
one  or  two  phases  of  the  report,  hitting  the  high  spots,  as  it  were. 

•  "Ineligible — On  present  Ballot  for  Officers." 
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There  is  one  thing  that  impressed  me  while  the  Secretary  was 
reading  his  report.  In  the  disbursements  there  are  two  items  that  have 
reference  to  Special  Committees.  They  amount  to  practically  $8  000. 
Not  one  cent  has  been  spent  by  the  Soils  Committee.  In  other  words, 
the  work  of  the  Soils  Committee  has  been  conducted  without  expense  to 
the  Society.  I  can  say,  however,  very  frankly,  that  we  should  like  to 
have  some  money.    We  could  use  about  $3  000  if  we  had  it. 

You  will  note  by  running  through  our  past  reports  that  there  has 
been  quite  a  hesitation  on  our  part  in  regard  to  reporting  on  laboratory 
methods.  This  was  perhaps  due  largely  to  the  fact  that  the  work  was 
new.  There  is  no  standard  practice,  the  only  exception  being  perhaps 
the  Agricultural  Bureau  on  Soils  in  Washington,  and  I  have  found 
that  sometimes  their  methods  were  not  applicable. 

One  of  the  difficult  things  in  connection  with  this  laboratory  work 
has  been  the  determination  of  the  size  of  particles,  and  the  degree  of 
separation  of  particles ;  and  I  am  privileged  to  present  to  you  with  this 
report  the  vtnanimous  report  of  the  Committee  on  the  determination  of 
size  of  grain  and  of  degree  of  mixing  of  material,  as  found  in  soils. 
I  hope  it  will  produce  some  discussion  and  that  we  will  hear  from  our 
members.  We  have  been  a  sort  of  silent  Committee  in  the  past  and 
we  would  like  to  stir  up  some  noise. 

In  submitting  this  report  I  want  to  say  that  in  starting  this  problem 
on  investigation  of  soils,  we  found  it  practically  impossible  to 
co-ordinate  the  existing  information.  The  science  of  the  subject  has 
been  utterly  neglected.  We  felt  justified  in  throwing  aside  all  that  had 
been  done  in  the  past,  and  starting,  as  it  were,  anew.  That  has  taken 
our  time  during  the  past  six  or  seven  years  that  we  have  been  in 
existence. 

Part  of  the  report  embodies  the  scientific  point  of  view  and  has  been 
prepared  by  J.  H.  Griffith,  M.  Am.  Soc.  C.  E.,  who,  as  Chairman  of  a 
Sub-Committee  of  the  Bureau  of  Standards,  has  given  his  time  to  this 
subject  and  presents  this  report  as  a  sort  of  final  report  of  the  scientific 
aspect  of  the  problem,  laying  down,  as  it  were,  the  fundamental  prin- 
ciples upon  which  further  investigation  and  further  experiment  are 
necessary. 

Dr.  S.  W.  Stratton,  Director  of  the  U.  S.  Bureau  of  Standards,  in 
transmitting  this  report,  stated  that  it  had  not  been  presented  to  the 
Committee  on  Publications  of  the  Bureau,  and  it  was  therefore  neces- 
sary to  omit  all  reference  to  the  Bureau  of  Standards  or  the  work  which 
it  has  done  on  this  subject.  Mr.  Griffith's  report  is  in  substance 
divided  into  four  parts.  He  presents  a  working  theory  and  hypothesis, 
elaborated  in  49  pages  of  typewritten  matter  and  about  25  tracings  and 
drawings.  In  connection  with  this  report  Mr.  Griffith  has  referred 
to  the  early  work  of  our  Soils  Committee  wherein  an  instrument  was 
developed  and  put  into  practical  use.     It  was  tested  in  the  field  here 
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in  New  York  City,  tested  in  Pittsburgh,  tested  by  the  Bureau  of  Stand- 
ards and  others,  and  the  fundamental  idea  behind  it  has  proven  its  value 
in  tests.  Mr.  Griffith  has  mentioned  it.  The  Committee  has  kept 
it  in  the  background,  awaiting-  the  opportunity  of  its  final  report,  but 
it  feels  at  this  time  that  it  is  desirable  to  present  it  to  you.  The 
photograph  and  the  drawings  will  fully  explain  it.  With  your  approval 
the  Committee  will  continue  its  activities  during  the  coming  year.  I 
thank  you,  gentlemen. 

The  President. — You  have  heard  the  report  of  the  Special  Commit- 
tee on  the  Bearing  Value  of  Soils  for  Foundations,  presented  by  Mr. 
Cummings,  the  Chairman  of  that  Committee.  This  report  is  not  the 
final  report,  I  understand.  It  is  only  a  progress  report.  What  is  your 
pleasure,  gentlemen,  with  reference  to  this  report? 

George  F.  Swain,  Past-President,  Am.  Soc.  C.  E. — I  move  that 
the  report  be  accepted  and  the  Committee  continued. 

(Motion  seconded.) 

The  President. — You  have  heard  the  motion,  gentlemen,  that  the 
report  be  accepted  and  the  Committee  continued.  All  in  favor,  please 
say  "aye";  contrary,  "no".    It  is  so  voted. 

I  call  now  for  the  report  of  the  Special  Committee  on  Stresses  in 
Railroad  Track,  Arthur  N.  Talbot,  Chairman. 

Arthur  N.  Talbot,  Past-President,  Am.  Soc.  C.  E. — Mr.  President, 
the  Committee  on  Stresses  in  Railroad  Track  presents  its  second 
progress  report.  It  may  be  recalled  that  two  years  ago  a  progress 
report  was  made  covering  certain  phases  of  its  work.  This  report  covers 
the  work  done  since  that  time.  The  Committee  is  co-operating  with  a 
similar  committee  of  the  American  Railway  Engineering  Association, 
the  membership  of  the  two  committees  being  practically  the  same. 

Of  course,  the  conditions  which  existed  during  the  war  interfered 
with  the  progress  of  the  work  of  the  Committee,  and  nothing  was 
undertaken  which  would  in  any  way  affect  the  war  activities.  Even 
since  the  war  closed  conditions  have  not  been  favorable,  since  the 
work  of  the  railroads,  their  opportunity  to  get  equipment  and  ability 
to  get  men  to  help,  have  not  been  of  the  best. 

I  believe  this  report  has  been  distributed.  It  includes  the  report  of 
tests  to  determine  the  stresses  in  rail  due  to  speed  of  locomotive  and 
effect  of  counterbalance;  tests  to  determine  the  depression  in  track 
under  load;  tests  to  find  the  depression  of  the  tie  and  its  pressure  under 
load,  so  as  to  find  the  bending  moments  developed  in  the  tie;  and  tests 
to  determine  how  the  pressure  is  distributed  downward  and  laterally. 

The  report  is  presented  under  the  following  headings :  "Tests  to 
Determine  the  Effect  of  Speed  and  Counterbalance  on  Stresses  in 
Rail";  "Track  Depressions";  "Depression,  Flexure  and  Bearing  Pres- 
sure of  Cross-Ties" ;  and  "Transmission  of  Pressure  in  Ballast". 
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The  Committee  feels  that  this  report  contains  information  that 
will  be  helpful  in  understanding  the  action  of  rail,  ties,  and  ballast  and 
the  eifect  of  locomotive  loads,  and  that  it  should  lead  to  some  modifica- 
tions in  railroad  practice.     The  Committee  is  continuing  its  work. 

Mr.  President,  I  move  that  the  report  be  received  and  printed  in 
Proceedings  and  Transactions,  and  the  Committee  continued. 

(Motion  seconded.) 

The  President. — You  have  heard  the  motion,  gentlemen.  All  in 
favor  of  that  will  please  say  "aye" ;  contrary,  "no".    It  is  a  vote. 

You  will  next  hear  the  report  of  the  Special  Committee  on  the 
■Regulation  of  Water  Rights,  F.  H.  Newell,  Chairman.  Is  Mr.  Newell 
present?  Is  there  any  member  of  that  Committee  who  can  report? 
I  do  not  know  who  comprise  the  Committee. 

A  Member. — Mr.  Chairman,  how  long  has  the  Committee  been  in 
existence,  and  has  it  made  any  progress  report  during  that  time  ? 

The  President. — I  do  not  know.  I  am  sure  I  do  not  know  when 
this  Committee  was  appointed.    I  can  look  it  up. 

Mr.  Swain. — I  am  quite  sure  that  that  Committee  was  appointed 
in  1913,  while  I  was  President. 

A  Member. — Has  it  made  a  progress  report,  was  the  rest  of  the 
question. 

The  President. — I  do  not  know  whether  it  has  made  any  progress 
report  or  not. 

Gardner  S.  Williams,  M.  Am.  Soc.  C.  E. — Mr.  President,  perhaps  I 
can  throw  a  little  light  upon  this  question.  I  think  the  Committee 
was  appointed  about  1913,  and  I  was  originally  a  member  of  it.  The 
report  was  submitted  at  that  time.  It  was  my  opinion  that  the  Com- 
mittee should  have  been  discharged,  but  certain  members  of  the 
Committee  desired  to  prolong  it,  and  it  was  prolonged.  I  now  move  that 
it  be  discharged. 

J.  V.  Davies,  M.  Am.  Soc.  C.  E.— While  I  was  in  the  Board  of 
Direction  we  re-organized  the  Committee,  at  the  express  desire  of  the 
present  Chairman,  who  was  going  to  do  the  whole  thing  up  in  one 
year,  and  as  nothing  ever  came  of  it,  I  have  great  pleasure  in  seconding 
Mr.  Williams'  motion. 

The  President. — You  have  heard  the  motion,  gentlemen,  that  the 
Committee  be  discharged.  I  understand  that  that  is  the  motion,  is  it 
not,  Mr.  Williams  ? 

A  Member. — I  would  like  to  move  an  amendment  to  Mr.  Williams' 
motion,  to  the  effect  that  the  Committee  be  required  to  make  a  report 
before  being  discharged. 

The  President. — It  is  doubtful  if  you  can  make  that. 

The  Secretary. — Mr.  President,  it  is  possible  that  Mr.  Newell  may 
have  intended  to  be  here,  and  may  have  been  prevented  by  some  acci- 
dent of  railroad  travel.     I  know  that  one  of  our  members  was  four 
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hours  late  last  night,  and  did  not  get  his  dinner.  That  might  be 
possible. 

Clemens  Herschel,  Past-President,  Am.  Soc.  C.  E, — Mr.  President, 
it  seems  to  me  that  it  would  be  a  little  hasty  to  discharge  a  committee 
without  giving  it  a  chance  ito  say  something  in  its  own  behalf.  It  is  not 
customary  in  this  Society,  or  in  any  other  society  that  I  know  of,  to 
judge  people  behind  their  backs,  and  I  hope  the  motion  will  not  prevail. 

J.  W.  Alvord,  M.  Am.  Soo.  C.  E. — As  Chairman  of  the  Committee  on 
Special  Committees,  whose  duty  it  is  to  prod  the  various  committees  from 
time  to  time,  I  might  perhaps  explain  that  the  Committee  on  Water 
Rights  has  been  addressed  by  the  Committee  on  Special  Committees 
several  times  during  this  past  year,  inquiring  as  to  whether  there  would 
be  a  report  submitted  at  this  meeting,  and  only  one  answer  was  received 
to  three  inquiries.  That  answer  was  from  the  Chairman  of  the  Commit- 
tee to  the  effect  that  a  very  important  decision  in  the  Courts  was  being 
expected,  and  that  the  Committee  desired  to  have  that  decision  in  its 
hands  before  making  a  report.  The  gist  of  the  letter  was  that 
the  Chairman  desired  to  make  a  report  and  desired  to  have  the  Com- 
mittee continued. 

R.  L.  Humphrey,  M.  Am.  Soo.  C.  E. — I  would  like  to  move  as  an 
amendment  to  Mr.  Williams'  motion,  that  the  matter  be  referred  to  the 
Board  of  Direction  to  use  its  discretion  in  this  matter,  but  that  it  is  the 
sense  of  this  meeting  that  by  reason  of  the  inactivity  of  the  Committee, 
it  should  be  discharged.  • 

The  President. — I  think  it  is  a  matter  for  this  meeting  and  not 
for  the  Board  of  Direction.  This  meeting  appointed  this  Committee,  as 
I  understand  it. 

Mr.  Humphrey. — My  reason,  Mr.  President,  for  making  that  motion 
is  that  the  Committee  certainly  ought  to  have  its  day  in  court,  and  the 
Committee  on  Special  Committees  can  give  it  a  hearing,  and  if  it  cannot 
give  a  more  satisfactory  reason  why  it  should  be  continued 

The  President. — K  you  will  refer  it  to  the  Committee  on  Special 
Committees 

Mr.  Humphrey. — It  seems  to  me  that  Committee  is  a  Committee 
of  the  Board  of  Direction,  and  it  should  go  to  the  Board  of  Direction, 
which  has  supreme  jurisdiction  in  the  matter. 

A.  F.  Chittenden,  M.  Am.  Soc.  C.  E. — I  would  like  to  say  a  word 
with  reference  to  this  motion.  Owing  to  my  residence  in  Washington, 
and  my  duties  there  several  years  ago,  I  have  been  following  quite 
closely  for  about  ten  years  the  question  of  water  power  and  water  power 
rights,  and  water  power  developments,  and  the  struggles  in  Congress  to 
get  somewhere. 

All  this  time  the  situation  has  been  that  every  year  there  has 
been  the  possibility  of  Congress  taking  some  action,  and  the  States, 
the  State  Governments,  and  the  engineers  finding  out  where  they  stood. 
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and  until  they  can  find  out  where  the  Federal  Government  stands,  and 
where  the  Courts  stand,  and  the  Courts  are  not  quite  clear  always  as 
to  where  they  are  going  to  stand  until  they  know  where  the  Federal 
Government  stands,  it  has  been  impossible  to  get  anywhere,  not  due 
to  the  fault  of  the  people  working  on  it,  but  because  they  are  disap- 
pointed every  year  in  Federal  action. 

I  am  quite  sure,  in  this  particular  case,  that  more  progress 
would  have  been  made  if  more  progress  had  been  made  in  Congress. 
Now,  this  year  it  looks  more  favorable  than  ever  before  for  action  by 
Congress,  and  the  moment  that  action  by  Congress  does  come,  and  there 
is  quite  a  good  chance  of  its  coming  too,  then  the  situation  will  begin 
to  clear  up,  and  then  the  people  who  are  discussing  water  rights  will 
know  better  where  they  stand,  and  they  will  be  in  far  better  condition 
to  make  a  report.  Under  the  circumstances  it  seems  to  me  that  it  is 
very  advantageous  to  let  the  matter  rest  in  the  pigeon-hole  for  another 
year.  At  any  rate,  continue  the  Committee  and  let  it  rest  in  a  pigeon- 
hole until  it  can  get  something  to  clarify  the  situation  and  clear  up  the 
matter. 

Mr.  Williams. — It  seems  to  me  that  when  this  body  creates  a  Com- 
mittee, this  body  is  entitled  to  information  from  that  Committee  as  to 
what  it  is  doing  and  what  it  projxjses  to  do.  I  think  the  neglect  of 
that  Committee  to  report  here  that  it  was  doing  something,  or  nothing, 
is  sufficient  cause  for  its  labors  to  be  terminated.  It  is  not  only  this 
year,  but  it  is  other  years  that  this  same  condition  has  existed. 

I  can  hardly  conceive  that  the  action  of  Congress  in  passing  the 
water-power  bill,  which  passed  the  Senate  the  other  day,  and  has  now 
gone  to  conference,  can  have  any  great  bearing  on  water  rights.  It 
does  not  seem  to  me  that  it  was  necessary  for  this  Committee  to  wait 
until  now  to  report  upon  the  subject  of  water  rights,  if  it  had  any- 
thing to  report;  and  in  my  opinion  there  is  not  much  for  it  to  say, 
and  I  think  the  meeting  would  make  no  mistake  in  authorizing  the 
discharge  of  the  Committee. 

As  I  understand  it,  it  is  not  a  matter  for  the  Board  of  Direction. 
I  believe  the  Board  of  Direction  cannot  discharge  that  Committee,  but 
that  it  has  to  be  discharged  as  the  result  of  a  motion  in  this  body. 

H.  C.  Keith,  M.  Am.  Soc.  C.  E. — I  seconded  the  motion  that  the 
matter  be  referred  to  the  Board  of  Direction;  and  I  think  that  if 
it  is  given  full  power,  as  I  understand  the  motion  to  be,  that  would 
authorize  and  give  the  members  of  the  Board  of  Direction  an  opportunity 
to  consider  the  activities  or  inactivities  of  this  Committee  and  the  rea- 
sons therefor,  and  to  discharge  it  or  not,  as  they  see  fit,  after  hearing  the 
case.  I  hope  that  the  motion  to  refer  to  the  Board  of  Direction  with 
power  will  prevail. 
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The  President. — I  do  not  like  to  make  any  ruling,  but  if  I  rule,  I 
should  rule  that  the  Board  of  Direction  has  nothing  whatever  to  do  with 
this  Committee.    It  is  a  matter  to  be  determined  by  this  meeting. 

Mr.  Humphrey. — Mr.  President,  it  seems  to  me  that  the  Board  of 
Direction  is  the  servant  of  this  meeting,  and  if  this  meeting  ceased  to 
delegate  its  authority  to  the  Board  of  Direction,  the  Board  of  Direction 
is  duly  authorized  to  exercise  that  authority.  All  we  are  asking  is  that 
instead  of  discharging  this  Committee  in  a  haphazard  way,  the  Com- 
mittee be  allowed  to  present  its  reasons  to  the  Board  of  Direction  as  to 
why  it  should  be  continued;  and  if  the  Board  thinks  these  reasons  are 
sufficient,  the  Committee  will  be  continued,  and  the  Board  will  so  report 
at  the  next  Annual  Meeting.  It  seems  to  me  that  that  is  the  sane  and 
logical  course  of  procedure. 

The  President. — Then  you  throw  the  responsibility  of  this  meeting 
upon  the  Board. 

Mr.  Humphrey. — Exactly  so. 

The  President. — I  am  not  going  to  rule  that  the  Board  of  Direction 
has  nothing  whatever  to  do  with  it.  The  motion  is,  I  understand,  an 
amendment  to  Mr.  Williams'  motion,  that  the  matter  be  referred  to  the 
Board  of  Direction. 

A  Member. — With  power. 

Mr.  Chittenden. — I  should  like  to  make  another  remark,  that  the 
Chairman  of  this  Committee,  and  possibly  some  other  members  of  this 
Committee,  may  yet  arrive.  I  just  came  in  from  the  West  on  a  train, 
and  have  been  three  days  on  the  way.  In  one  place  we  were  delayed 
two  hours,  in  another  place  four  hours ;  and  the  railway  men  told  me  in 
some  places  people  were  delayed  twelve  hours  in  getting  from  the  West 
here,  so  that  it  is  quite  possible  that  the  Chairman  of  the  Committee  is 
still  on  the  way. 

Mr.  Davies. — That  hardly  excuses  the  Chairman  of  the  Committee 
under  the  rule  that  requires  he  shall  present  his  report  before  the  end 
of  the  succeeding  year;  and  the  report  should  have  been  in  the  hands 
of  the  Secretary  before  the  end  of  December. 

The  President. — I  do  not  see  but  that  the  Committee  ought  to  have 
reported,  but  it  would  do  no  harm  to  continue  that  Committee.  It  would 
be  much  better  to  continue  the  Committee  than  to  refer  the  matter  to  the 
Board.  However,  the  motion  is  that  it  be  referred  to  the  Board  of 
Direction  with  power.     Are  there  any  further  remarks?     All  in  favor 

of  that  will  please  raise  their  hands.    All  opposed The  motion  is 

carried. 

The  Secretary. — The  motion  is  to  refer  the  matter  to  the  Board  of 
Direction  with  power. 

The  President. — The  Secretary  has  now  some  announcements  to 
make. 
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The  Secretary. — At  a  meeting  of  the  Board  of  Direction  held  yes- 
terday, it  may  be  interesting  to  the  members  to  know  that  the  time  and 
place  for  the  next  Annual  Convention  has  been  determined.  The  next 
Convention  will  be  held  at  Houston,  Tex.,  in  October.  The  reason  for 
the  selection  of  the  time — I  do  not  know  anything  about  it,  but  it 
seemed  to  be  the  opinion  of  the  members  of  the  Board  who  have  been 
there,  that  you  could  not  go  there  except  in  April  or  October. 

The  fact  that  the  convention  will  not  be  held  until  October  will 
probably  facilitate  the  business  of  development — whatever  action  this 
Annual  Meeting  may  take  in  the  matter  of  development,  and  subse- 
quently through  the  delegated  authority.  Perhaps  the  Board  may  have 
to  issue  questionnaires  as  to  what  the  membership  of  the  Society  desires, 
and  this  undoubtedly  will  require  quite  extensive  changes  in  the  Con- 
stitution of  the  Society. 

If  the  convention  were  held  at  the  usual  time,  at  the  end  of  June, 
or  the  beginning  of  July,  there  would  scarcely  be  time  for  the  sending 
out  of  those  questionnaires  and  the  preparation  of  the  amendments 
to  the  Constitution  so  that  they  might  be  presented  to  the  convention 
for  action,  as  required  by  our  present  Constitution.  I  think  that  was 
one  of  the  reasons  why  the  Board  determined  upon  Houston.  The 
other  was  that  the  district,  Number  11,  in  which  this  convention  is  to  be 
held  this  year,  by  a  rule  adopted  some  time  ago,  is  a  very  large  one. 
Another  part  of  the  district.  Southern  California,  was  very  anxious 
to  have  this  convention;  but  there  have  been  several  meetings  of 
late  years  on  the  Pacific  Coast,  and  almost  no  meetings  in  the  South. 

I  think  I  have  exhausted  that  subject,  and  I  would  like  to  call  upon 
the  Chairman  of  the  Committee  on  Arrangements  of  the  Annual  Meet- 
ing, to  make  a  statement  in  regard  to  the  programme,  which  I  am  sure 
he  wants  to  make. 

L.  D.  Eights,  M.  Am.  Soc.  C.  E. — Mr.  Chairman  and  gentlemen, 
I  have  written  out  a  little  statement,  so  that  I  will  not  take  too  long. 
For  to-day,  the  Committee  has  followed  the  suggestion  of  the  report  of 
the  Committee  on  Development  and  has  not  scheduled  any  excursions. 
The  afternoon  will  be  devoted  to  the  discussion  of  the  report  of  the 
Committee  on  Development.  To-morrow  we  go  to  the  Port  of  Embarka- 
tion of  the  United  States  Army  at  Hoboken;  from  there  we  are  to  be 
transferred  by  ferry  to  the  Navy  Yard.  So  that  we  shall  have  a  chance 
to  see  both  of  those  places.  The  members  will  find  their  way  to  the 
Port  of  Embarkation  at  Gate  3.  There  are  some  four  or  five  gates; 
so  that  I  hope  you  will  remember  that  it  is  Gate  3.  We  shall  have 
some  guides  at  the  exits  to  the  ferry  and  the  tubes  to  direct  you  to 
Gate  3,  about  three  blocks  north  of  the  exits. 

Persons  are  admitted  to  the  Port  only  on  military  pass,  but  the 
General  has  consented  to  accept  the  excursion  ticket  in  lieu  of  passes. 
All    members   should    arrange   to    provide   themselves    with    excursion 
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tickets  which  may  be  obtained  on  the  ground  floor.  Lack  of  tickets 
will  subject  the  members  to  being  held  up  at  the  gate  until  the  ticket 
can  be  issued. 

If  any  of  you  cannot  devote  his  whole  time  to  the  excursion,  you  can 
leave  just  after  the  luncheon,  go  out  of  the  gate,  and  take  the  tube 
back  to  New  York ;  or  you  can  leave  the  Navy  Yard,  at  any  time,  go  out 
of  the  gate  and  take  the  trolley  car. 

Mr.  Hazen. — What  is  the  most  convenient  way  to  get  to  Hoboken? 

Mr.  Eights. — That  depends  upon  where  you  start  from!  You  can 
take  the  Hudson  Tube,  as  mentioned  in  the  circular.  That  is  prob- 
ably the  most  convenient  way  if  you  are  close  to  the  Hudson  Tube. 
You  can  take  the  Lackawanna  Railway  ferries.  It  is  a  very  convenient 
place  to  get  to.  If  you  happen  to  be  down  town,  the  Hudson  Tube 
at  30-50  Church  Street,  will  take  you  to  Hoboken,  which  is  the 
Lackawanna  Station.  The  Port  of  Embarkation  is  only  about  three 
blocks  away. 

For  the  steamer  we  have  provided  a  piano  and  three  jazz  artists. 
I  believe  the  Committee  on  Development  said  we  should  pay  more 
attention  to  the  younger  members  and  we  are  going  to  give  the  younger 
members  a  chance  to  do  something.    They  can  help  in  the  singing. 

The  Secretary. — I  have  to  announce  the  deaths  of  two  of  our  mem- 
bers: William  Lyon  Browne,  of  Westmount,  Que.,  Canada,  who  was 
elected  a  Member,  January  31st,  1911,  and  died  November  24th,  1919; 
and  George  Weston,  of  Chicago,  111.,  elected  a  Member,  June  5th,  1907, 
and  died  January  8th,  1920. 

For  the  record,  Mr.  President,  I  also  wish  to  announce  the  election 
by  the  Board  of  Direction  of  14  Members,  69  Associate  Members, 
and  15  Juniors  yesterday,  making  a  total  of  98  additions  to  the  Society ; 
and  the  transfer  of  17  Jimiors  to  the  grade  of  Associate  Member.*  I 
can  read  those  115  names,  if  it  is  desired. 

Mr.  President,  I  have  the  report  of  the  Tellers  appointed  to  canvass 
the  ballot  for  the  election  of  officers,  if  it  is  your  pleasure  to  have  it  read 
at  the  present  time. 

A  Member. — May  I  ask  whether  or  not  the  report  of  the  Develop- 
ment Committee  is  not  to  come  up  for  consideration  at  this  morning's 
session  ? 

The  President. — I  do  not  know.    It  was  to  come  up  this  morning? 

Mr.  Humphrey. — That  was  my  understanding,  that  the  report  of 
the  Development  Committee  was  to  come  up  this  morning,  and  the 
discussion  was  to  continue  after  luncheon.  I  move  now,  Mr.  Presi- 
dent, that  we  take  up  the  report  of  the  Committee  on  Development. 

(Motion  seconded.) 

The  President. — The  motion  now  before  you  is  that  at  this  time  we 
take  \ip  the  report  of  the  Committee  on  Development.     The  question 

•  See  page  135. 
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is  whether  it  would  be  wise  to  take  it  up  now  or  later,  iu  the  afternoon, 
because  it  is  going  to  take  some  time;  but  that  is  the  motion.  Is  there 
any  discussion  on  that  motion  ? 

Mr.  Williams. — Mr.  Chairman,  I  would  like  to  move  that  when  this 
meeting  adjourns,  it  adjourn  to  2.30  this  afternoon. 

Mr.  Humphrey. — I  second  that  motion.  Mr.  Williams'  motion  takes 
precedence,  I  believe. 

The  President. — I  cannot  put  but  one  motion  at  a  time. 
Mr.  Williams. — A  motion  to  fix  the  time  to  adjourn  takes  prece- 
dence  of   every   other   motion   including    a   motion   to    adjourn.      My 
motion  is  that  when  we  adjourn,  we  adjourn  to  2.30  this  afternoon. 
Mr.  Humphrey. — I  second  the  motion. 

The  President. — You  have  heard  the  motion  that  when  we  adjourn, 
we  adjourn  to  assemble  at  2.30  this  afternoon. 

Mr.  Rights. — I  understand  that  it  is  not  a  motion  to  adjourn;  it  is 
a  motion  on  adjournment.  I  would  like  to  make  a  motion.  The  reason 
why  I  am  interested  is  that  I  feel  somewhat  guilty.  The  Committee 
on  Arrangements  announced  that  at  1  P.  M.  a  meeting  of  the  Board  of 
Direction  would  be  held  in  the  Past-Presidents'  E«om  on  the  16th  floor, 
and  that  at  2.30  p.  M.  an  adjourned  meeting  of  the  Annual  Meeting 
would  be  held,  and  discussion  continued  on  the  report  of  the  Commit- 
tee on  Development,  or  any  other  business.  Now,  that  wording  should 
have  been  "an  after  meeting",  because  if  the  Committee  put  that  in  as 
an  adjourned  meeting,  it  means  that  the  new  Board  cannot  meet,  be- 
cause the  new  Board  takes  office  when  this  Annual  Meeting  adjourns. 

Now,  I  am  not  on  the  Board,  but  I  am  interested  in  seeing 

The  President. — You  are  still  on  the  Board. 

Mr.  Kights. — I  am  on  the  Board  and  will  continue  to  be  until 
this  meeting  adjourns.  So  I  would  like  to  make  the  amendment  that 
this  meeting  adjourn  for  lunch,  and  that  we  then  hold  an  after-meeting 
or  a  new  meeting  at  2.30  p.  M. 

The  Secretary. — Mr.  President,  may  I  say  a  word  in  explanation? 
The  business  of  the  Society,  as  Mr.  Williams  knows,  having  been  on  the 
Board  on  several  occasions,  necessitates  that  the  new  Board  shall  meet 
and  organize  at  this  time.  In  every  year  for  the  last  twenty-five,  the 
programme  has  been  that  the  Annual  Meeting  was  held,  and  the  busi- 
ness meeting  was  closed,  and  the  new  Board  then  came  into  existence. 
The  Committee  on  Arrangements,  somewhat  thoughtlessly  and  I 
think  I  was  the  guilty  party  as  much  as  anybody  else,  knowing  that 
there  would  be  necessary  a  much  longer  time  for  discussion  at  this 
meeting  than  had  been  heretofore  used  for  that  purpose,  instead  of 
scheduling  an  excursion  for  the  afternoon,  scheduled  a  second  meeting. 
We  forgot  the  fact  that  the  only  time  during  this  programme  that 
is  available  for  the  new  Board  to  meet  is  between  the  first  and  second 
meetings.  To  overcome  the  legal  point,  it  would  only  be  necessary  for 
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this  resolution  to  be  passed  by  this  meeting  that  the  Annual  Meeting 
was  closed  at  its  adjournment  so  that  the  Board  could  do  its  work,  and 
then  in  the  afternoon  the  meeting  could  be  taken  up,  and  have  exactly 
the  same  effect  as  if  it  were  a  scheduled  meeting  of  the  Annual  Meeting. 

There  is  no  intention  at  all  of  closing  discussion  or  shutting  it  off 
in  any  way,  but  if  the  Annual  Meeting  goes  on,  the  new  officers  cannot 
come  in  until  the  Annual  Meeting  is  declared  closed;  and  they  woidd 
not  have  any  time  to  meet,  and  the  business  of  the  Society  would  suffer 
very  much, 

Mr.  Humphrey. — I  think  that  may  all  be  very  true ;  but  the  Society 
has  had  presented  to  it  one  of  the  most  important  reports  that  has 
come  before  it  in  recent  years.  We  want  a  discussion  of  that  report, 
but  we  also  want  this  report  to  come  before  this  business  meeting  for 
action;  and  if  the  adjournment  of  this  meeting  means  that  we  can  only 
discuss  it,  and  not  take  action,  then  I  think  that  is  absolutely  wrong; 
and  I  think  the  intention  of  Mr.  Williams'  motion  is  that  this  Annual 
Meeting  may  take  action,  if  it  sees  fit  to  do  so,  on  the  recommenda- 
tions of  the  Committee  on  Development.  I  would  submit,  in  any  event, 
that  it  is  only  fair  that  the  report  of  this  Development  Committee 
should  be  presented  at  this  morning's  session  of  this  Annual  Meeting. 

The  President. — There  is  no  doubt  about  its  being  presented.  It 
should  be  presented,  and  it  is  going  to  be  presented,  but  the  question 
is  whether  it  is  better  to  have  a  continuous  meeting  with  reference  to 
that  report  of  the  Committee,  rather  than  to  have  a  partial  meeting; 
split  it  up,  adjourn,  and  then  come  together  again;  whether  it  is  not 
better  to  arrange  a  time  so  that  there  would  be  no  intermission  with 
reference  to  the  discussion  of  that  report.  That  was  all.  That  would 
give  the  Board  a  chance  to  organize  and  the  new  officers  to  come  in. 

There  are  quite  a  number  of  the  members  of  the  Board  who  live 
out  of  New  York  City,  who  are  anxious  to  get  away;  and  if  the  Board 
is  not  organized  during  the  noon-time,  or  in  the  middle  of  the  day,  it 
cannot  be  organized. 

William  P.  Parker,  M.  Am.  Soc.  C.  E. — If  we  do  adjourn,  will  that 
after-meeting  have  authority  to  take  action  on  this  report  ? 

The  President. — I  think  such  a  meeting  could  do  so  by  resolution. 

Charles  D.  Marx,  Past-President  Am,  Soc.  C.  E. — Mr.  Williams* 
motion  is  before  us. 

The  President. — We  are  not  ready  to  adjourn  yet.  I  think  the 
motion  before  the  House  practically  is  that  when  we  adjourn,  we  adjourn 
to  2.30  this  afternoon. 

A  Member. — Can  we  arrange  to  have  the  meeting  recognized  as  a 
part  of  the  meeting  of  this  morning  ? 

The  President. — There  is  no  doubt  that  we  can. 

Mr.  Parker. — In  order  that  the  discussion  may  be  under  the  regime 
of  the  newly  elected  officers  of  the  Society,  I  move  that  we  adjourn  the 
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business  meeting  now,  and  that  any  action  taken  subsequently  be  of 
the  same  effect  as  if  it  had  been  taken  at  the  Annual  Meeting. 

Mr.  Williams. — There  is  only  one  motion  that  can  be  taken  up,  and 
that  is  the  motion  when  to  meet. 

Mr.  Humphrey. — I  would  like  to  ask  that  Mr.  "Williams'  rider  be 
put,  that  when  we  adjourn,  we  adjourn  to  meet  at  2.30  in  Annual  Ses- 
sion.   That  is  not  debatable  and  cannot  be  amended. 

]Sr.  C.  Johnson,  Assoc.  M.  Am.  Soc.  C.  E. — As  I  heard  that  motion,  it 
stated  that  we  adjourn  now.  That  would  cut  out  the  reception  of  the 
report.    I  think  that  was  not  the  intention. 

The  President. — I  do  not  understand  that  that  was  the  motion. 
There  is  no  motion  to  adjourn,  but  the  motion  is  that  when  we  adjourn, 
we  adjourn  to  meet  at  a  certain  time.  There  is  no  motion  to  adjourn  at 
present.  There  seems  to  be  a  difference  of  opinion  as  to  whether  to 
continue  discussion  now,  and  interrupt  it  by  an  adjournment,  so  that 
the  discussion  of  the  report  of  the  Committee  on  Development  this 
afternoon  would  be  a  continuation,  instead  of  taking  it  up  now,  and 
then  adjourning,  and  taking  it  up  again. 

B.  S.  Drane^  M,  Am.  Soc.  C.  E.— As  I  understand  it,  the  carrying 
of  the  motion  made  by  Mr.  Williams  would  make  impossible  the  meeting 
of  the  new  officers.  Therefore,  it  would  be  necessary  to  defeat  that 
motion  and  then  you  could  proceed  and  carry  out  the  wish  of  the  Society 
that  by  action  of  this  meeting,  the  regular  Annual  Meeting,  authority 
should  be  given  for  a  later  meeting,  not  considered  an  adjourned 
meeting,  under  the  authority  of  the  present  officers,  to  carry  it  along 
with  the  f i;ll  authority  of  this  meeting ;  but  it  seems  to  me  that  it  would 
be  necessary  to  defeat  the  motion  that  the  afternoon  meeting  should 
be  an  adjourned  meeting  under  the  present  officers. 

Mr.  Williams. — Perhaps  I  can  clear  the  atmosphere.  '^Hien  this 
Annual  Meeting  adjourns,  it  adjourns,  and  that  is  the  end  of  the  Annual 
Meeting,  This  Annual  Meeting  is  provided  for  in  the  Constitution,  and 
it  cannot  adjourn  itself  and  then  have  another  meeting.  If  it  adjourns 
as  an  Annual  Meeting,  that  is  the  end  of  it;  but  if  it  adjourns  until 
2.30  this  afternoon,  it  goes  on  as  an  Annual  Meeting. 

The  question  is  whether  the  Board  of  Direction  can  organize  this 
afternoon  or  this  evening.  It  does  not  seem  to  be  tremendously  im- 
portant— if  a  man  has  accepted  a  position  as  Director  of  the  Society, 
I  think  he  should  spend  a  sufficient  amount  of  time  in  the  business 
of  the  Society  to  transact  that  business  in  accordance  with  the  neces- 
sities of  the  case.  If  these  Directors  have  arranged  their  business  so 
that  they  cannot  stay  here  longer  than  this  afternoon,  1  or  2  or  3  o'clock, 
T  think,  gentlemen,  that  we  have  made  a  mistake  in  selecting  our 
Directors. 

As  has  already  been  said,  we  have  before  us  the  most  important 
question  that  has  been  before  this   Society   in   years.     Whether  we 
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take  it  up  now,  this  morning,  and  endeavor  to  dispose  of  it  before  noon, 
or  before  we  adjourn,  or  whether  we  let  other  business  go  ahead,  and 
take  it  up  this  afternoon,  or  whether  we  start  this  morning,  and  go 
on  this  afternoon,  I  do  not  consider  particularly  material.  But  I  do 
consider  it  important  and  necessary  that  that  report  be  considered  by 
the  Annual  Meeting,  and  not  by  some  adjourned  appendix  that  is  not 
the  Annual  Meeting,  and  cannot  be  the  Annual  Meeting,  if  the  Annual 
Meeting  adjourns  as  such. 

A.  N.  Talbot,  Past-President,  Am.  Soc.  C.  E. — Mr.  Chairman,  1 
quite  agree  with  Mr.  Williams  that  when  this  meeting  adjourns  as  an 
Annual  Meeting  that  will  be  the  end  of  the  Annual  Meeting  and  it  can- 
not delegate  any  power  to  an  after-meeting.  If  discussion  is  to  be  had 
on  this  report  as  a  report  to  the  Annual  Meeting,  it  should  be  done 
during  the  time  the  Annual  Meeting  is  in  session. 

So  far  as  the  meeting  of  the  Board  of  Direction  is  concerned,  I 
wish  to  make  a  suggestion,  which  I  have  made  before,  that  at  this  time 
the  report  of  the  canvass  of  the  ballot  be  made,  the  officers  be  declared 
elected;  that  they  then,  if  they  wish,  hold  a  meeting  during  the  recess, 
and  take  whatever  action  they  desire — which  is  not  legal,  but  that  to 
save  time  they  may,  later,  when  they  do  come  into  authority,  approve  the 
acts  that  they  have  performed.  It  seems  to  me  that  would  get  us 
out  of  the  difficulty. 

M.  O.  Lejghton,  M.  Am.  Soc.  C.  E. — I  want  to  call  attention  to 
the  fact  that  during  this  discussion  we  have  occupied  enough  time  to 
have  elected  our  officers  and  gone  a  long  way  in  the  consideration  of  the 
Development  Committee's  report.  I  therefore  ask  unanimous  consent 
that  the  announcements  of  the  Tellers  be  given  to  the  meeting  and  voted 
on,  and  thereafter  we  proceed  to  the  discussion  of  the  Development 
Committee's  report.    I  think  that  will  take  about  five  minutes. 

Mr.  Parker. — We  are  all  very  anxious  to  hear  that  information.  I 
think  the  delay  has  been  caused  by  the  fault  of  no  one.  If  you  will  put 
the  motion  to  fix  the  time 

The  President. — The  motion  is  certainly  in  order  and  the  discus- 
sion is  in  order.  If  any  one  would  like  to  discuss  the  matter,  I  do  not 
see  why  they  should  not  have  an  opportunity,  and  as  the  motion  now 
is — no  matter  regarding  the  Board  of  Direction,  whether  it  meets  now 
or  later — if  it  should  be  carried,  the  new  President  cannot  appoint  his 
committees  until  the  final  adjournment  of  the  meeting.  The  question 
is  that  when  we  adjourn  we  adjourn  to  meet  at  2.30  this  afternoon. 
All  in  favor  of  that  please  say  "aye". 

Mr.  Humphrey. — I  would  like  to  raise  a  point  of  order.  I  do  not 
think  the  word  "adjourn"  is  in  order.    We  can  recess. 

The  President. — I  think  it  is  the  same  thing.  I  do  not  think  it 
makes  any  difference  whether  you  call  it  adjournment  or  recess. 
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A  Member. — I  move  we  hear  the  report  of  the  Tellers  and  imme- 
diately thereafter  go  to  the  consideration  of  the  Development  Com- 
mittee's report. 

The  President. — I  am  going  to  present  that  now.  The  Secretary 
will  now  read  the  report  of  the  Tellers. 

Mr.  Humphrey. — I  move  that  that  be  deferred  until  we  get  ready 
to  adjourn,  about  1  o'clock. 

The  President. — I  think  we  will  be  ready  to  adjourn  about  the  time 
we  get  through  with  this ;  I  think  very  likely  we  will  all  be  hungry. 

Mr.  Humphrey. — I  dislike  to  object  to  the  procedure;  but  the 
luncheon  hour  is  an  hour  away.  Instead  of  wasting  time  on  continual 
motions,  we  might  take  up  the  report  of  the  Development  Com- 
mittee  

The  President. — If  you  will  make  the  motion. 

Mr.  Humphrey I  have  made  the  motion,  and  it  has  been  seconded 

by  the  gentleman  over  here. 

The  President. — That  we  take  up  the  report  of  the  Development 
Committee.  That  is  the  motion.  All  in  favor  please  say  "aye";  con- 
trary, "no".  I  am  not  sure.  Therefore,  I  will  ask  those  who  are  in 
favor  to  raise  their  right  hands. 

A  Member. — In  favor  of  what? 

The  President. — The  motion  before  the  house. 

A  Member. — What  is  it? 

The  President. — The  motion  is  that  we  immediately  take  up  the 
report  of  the  Committee  on  Development. 

A  Member. — My  friend  on  the  right  made  a  motion  previous  to 
that,  that  we  proceed  to  the  election  of  officers. 

The  President. — The  question  before  the  house  is  now  that  we  take 
up  for  discussion  the  report  of  the  Development  Committee. 

A  Member. — Before  we  adjourn? 

The  President. — I  do  not  think  there  is  any  necessity  for  discus- 
sion about  it.  We  have  voted  on  it,  but  the  Chair  could  not  decide  by 
a  yea  and  nay  vote.  Those  in  favor  of  the  motion  will  please  raise 
their  hands. 

The  Secretary. — 187. 

The  President. — All  opposed,  raise  their  hands. 

The  Secretary. — There  are  only  42. 

The  President The  motion  is  carried  that  we  immediately  take 

up  the  matter  of  the  report  of  the  Development  Committee. 

The  Secretary.— The  report  of  the  Development  Committee  was 
issued  to  the  membership  some  time  ago,  under  date  of  November  15th, 
1919.  I  assume  that  there  will  be  no  necessity  for  reading  that  report 
unless  it  is  called  for.  As  stated  in  the  letter  transmitting  that  report, 
the  Board  of  Direction,  upon  receiving  the  report  of  this  Committee  on 
Development,  appointed  a  Committee  of  five  members  of  the  Board  of 
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Direction  to  study  and  review  the  report  of  the  Committee  on  Develop- 
ment, and  present  a  report  as  soon  as  practicable  for  distribution  to 
the  members  of  this  Board  by  letter,  so  that  the  Board  could  consider  the 
whole  matter  at  its  next  regular  meeting. 

The  next  regular  meeting  of  the  Board  was  held  on  Monday  and 
Tuesday  of  this  week,  yesterday  and  the  day  before.  At  that  meeting 
the  report  of  the  Sub-committee  of  the  Board  consisting  of  Messrs.  John 
W.  Alvord,  Charles  D.  Marx,  Herbert  S.  Crocker,  Samuel  T.  Wagner 
and  John  A.  O'Connor,  was  received  by  the  Board  and  ordered  dis- 
tributed to  the  membership,  I  assume  that  every  member  here  has  a 
copy  of  that  report.  They  were  downstairs  for  distribution  on  regis- 
tration of  each  member.  The  Board  presents  that  report  for  the  con- 
sideration of  this  Annual  Meeting, 

At  the  meeting  of  the  Board  of  Direction  on  January  19th,  1920,  the 
following  resolutions  were  adopted: 

"Whereas:  The  Board  of  Direction  is  in  sympathy  with  the  objects 
sought  in  the  report  of  its  Development  Committee,  and  with  the  view 
of  its  Special  Committee  already  approved  as  an  alternative  by  the 
Development  Committee,  that  Engineering  Council  should  be  made 
more  representative  of  the  Engineering  and  allied  technical  professions, 
and  that  its  functions  should  be  broadened  and  more  liberally  supported 
financially;  and 

"Whereas:  It  is  desirable  that  the  ma  n  questions  involved  should  be 
submitted  to  the  membership  of  the  Society  for  action  by  letter  ballot 
as  soon  as  possible; 

"Be  it  Resolved:  That  the  Board  of  Direction  recommends  to  the 
incoming  Board  of  Direction  that  a  Committee  of  seven  be  appointed 
to  prepare  and  submit  to  the  membership  forthwith  necessary  question- 
naire or  questionnaires  covering  the  essential  recommendations  of  its 
Development  Committee  and  of  its  Special  Committee,  and  the  recom- 
mendations and  instructions  of  the  Annual  Meeting  of  January, 
1920,  relating  to  this  subject,  and  that  it  make  appropriation  for  the 
necessary  expenditures  of  the  Committee, 

"Be  it  Further  Resolved:  That  a  Committee  of  three  be  appointed 
by  the  present  Board  of  Direction  to  present  nominations  for  mem- 
bers of  this  Committee  of  seven  for  submission  to  the  incoming  Board 
of  Direction  at  its  meeting  of  Wednesday,  January  21st,  1920." 
and  it  was  also 

"Resolved:  That  the  Board  of  Direction,  in  order  to  learn  the  sense 
of  the  members  present,  subrhit  to  the  Annual  Meeting  the  following 
questions  relative  to  technical  activities  and  internal  relations  of  the 
Society : 

"1,  Shall  the  Annual  Meetings  be  supplemented  by  the  addition  of  a 
Spring  and  Fall  Meeting?     (See  Division  A,  Section  1.) 

"2.  Shall  the  monthly  Proceedings  be  extended  to  include  abstracts 
of  important  engineering  articles?     (See  Division  A,  Section  1.) 

"3.  Shall  local  sections  be  created  to  embrace  the  entire  membership 
of  the  Society?     (See  Division  B,  Section  1,  a,  b,  c.) 
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"4.  Shall  the  Directors  in  each  geographical  district  be  nominated 
and  elected  by  vote  of  the  Corporate  Members  resident  therein?  (See 
Division  B,  Section  1,  e,  f,  g.) 

"5.  Shall  a  portion  of  the  Society  dues  be  allotted  to  local  sections 
(See  Division  B,  Section  1,  i.) 

"6.  Shall  the  officers  at  large  be  nominated  by  representatives  of 
local  sections  in  an  annual  conference?     (See  Division  B,  Section  1.) 

"7.  Shall  the  present  grades  and  requirements  for  membership  be 
revised?     (See  Division  B,  Section  2.) 

"8.  Shall  the  Board  of  Direction  arrange  for  the  establishment  of 
Civil  Engineering  student  membership?  (See  Division  B,  Section  4.)" 

In  addition  to  that,  the  Board  also  ordered  presented  for  the  con- 
sideration of  this  meeting  the  questions  submitted  in  the  report  of  its 
Special  Committee.    Those  questions  were : 

"1.  Shall  the  American  Society  of  Civil  Engineers  use  its  power 
and  influence  to  bring  together  for  welfare  purposes  the  Engineering 
and  related  technical  professions  of  America? 

"2.  If  so,  shall  it  assent  to  the  formation  of  a  new  and  somewhat 
unrestricted  organization,  as  proposed  by  the  Development  Committee? 

"3.  Or,  shall  it  develop  and  broaden  the  basis  of  the  present  Engi- 
neering Council,  as  well  as  make  it  more  representative  than  at  present, 
all  as  newly  proposed  herein? 

"4.  Shall  the  dues  of  non-resident  corporate  members  be  raised  not 
less  than  $5.00  nor  more  than  $10.00  per  annum  for  this  purpose?" 

This  actioif  of  the  Board,  I  would  like  to  make  clear,  was  to  refer 
these  questions  to  the  Annual  Meeting,  so  that  they  should  concretely 
come  before  the  Annual  Meeting,  and  the  resolution  for  the  proposed 
appointment  of  the  Committee  to  take  charge  of  the  issue  of  question- 
naires was  intended  to  facilitate  and  expedite  the  work  of  getting  out 
the  necessary  questionnaires  in  order  to  get  results  as  soon  as  possible, 
after  the  discussion  was  fought  out  at  the  Annual  Meeting  a3  to  what 
the  Annual  Meeting  wanted  to  send  out.  I  believe  that  is  a  correct 
statement. 

The  President. — Gentlemen,  of  course  we  have  the  report  of  the 
Development  Committee.  The  Board  has  tried  to  separate  certain 
questions,  which  have  to  do  with  that  report,  so  as  to  have  them  sent 
out  to  the  Members  of  the  Society,  to  get  replies  before  the  next 
Annual  Meeting,  so  that  they  could  be  acted  upon.  The  whole  thing  is 
before  you.  It  is  a  question  whether  you  desire  to  take  up  these  ques- 
tions first,  as  presented  by  the  Board,  to  take  any  action  upon  them  as 
they  are  presented  for  your  consideration,  or  whether  you  want  to  take 
up  some  other  business.  I  am  going  to  leave  the  whole  thing  entirely 
to  you,  to  allow  you  to  discuss  it,  and  take  your  full  time  in  doing  it. 
We  are  not  trying  to  fence  or  save  any  time,  because  I  think  it  is  an 
important  matter,  and  I  think  every  one  ought  to  have  a  fair  oppor- 
tunity to  express  his  own  views. 
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Mr.  Humphrey. — It  seems  to  me  that  there  are  fundamental 
questions,  which  this  Annual  Meeting  should  decide,  and  then  send  out 
to  the  membership  of  this  Society  for  action.  I  believe  we  will  not 
make  any  progress  by  debating  details.  There  are  certain  great  prob- 
lems that  the  Society  is  confronted  with  that  I  think  we  should  now 
act  upon.  I  feel  that  we  ought  to  have  the  matter  in  some  tangible 
shape  and  it  is  for  the  purpose  of  bringing  the  matter  into  tangible 
shape  that  I  am  now  speaking. 

There  has  been  some  criticism  of  the  report  of  the  Committee  on 
Development,  on  the  ground  that  it  exceeded  its  authority.  I  think 
the  members  of  the  Society  generally,  and  some  of  the  members  of  the 
Board  of  Direction,  are  not  aware  of  the  resolutions  and  the  precept 
which  the  latter  instructed  the  President  of  the  Society  to  prepare, 
which  served  as  instructions  to  the  Committee  on  Development,  and 
under  which  it  acted  in  the  scope  of  its  work. 

I  want  at  this  time  to  introduce  a  resolution,  and  I  make  this 
explanatory  statement  as  to  the  resolution  of  the  Board  of  Direction 
and  of  the  precept  of  the  President,  in  order  that  we  may  have  in 
this  document  all  the  information  and  authority  under  which  the 
Committee  on  Development  acted.  I,  therefore,  offer  the  following 
resolution : 

Whereas:  The  Board  of  Direction  of  this  Society  in  the  preamble 
of  its  resolutions  adopted  June  18,  1918,  states  in  part  as  follows: 

"Sociological  and  economic  conditions  are  in  a  sta^e  of  flux  and 
are  leading  to  new  alignments  of  the  elements  of  society. 

"These  new  conditions  are  affecting  deeply  the  profession  of  en- 
gineering in  its  services  to  society,  in  its  varied  relationships  to 
communities  and  nations,  and  in  its  internal  organizations. 

"A  broad  survey  of  the  functions  and  purposes  of  the  American 
Society  of  Civil  Engineers  is  needed  in  order  that  an  intelligent  and 
effective  readjustment  may  be  accomplished  so  that  the  Society  may 
take  its  proper  place  in  the  larger  sphere  of  infl.uence  and  usefulness 
now  opening  to  the  profession.*     *    * 

"The  Constitution  should  be  revised  only  after  securing  the  views 
of  the  membership  of  the  Society  as  to  what  its  purposes  and  activities 
should  be  and  as  to  the  instrumentalities  through  which  these  purposes 
and  activities  should  be  carried  out. 

"Any  changes  in  organization  must  take  into  account  all  the  con- 
ditions above  indicated,  and  also  the  relationship  of  the  American 
Society  of  Civil  Engineers  to  other  engineering  organizations  and  to 
the  public." 

which  resolutions  authorized  the  creation  of  a  Committee  on  Develop- 
ment; and  in  the  precept,  which  it  authorized  the  President  of  the 
Society  to  prepare,  the  work  of  this  Committee  was  outlined  as  follows : 

"The  resolutions  contemplate  an  examination  of  present-day  con- 
ditions and  an  outlook  into  the  future.     They  involve  considering  the 
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changing  social  and  industrial  relations  of  the  times  and  the  oppor- 
tunities and  responsibilities  which  devolve  upon  the  Society  and  its 
membership.  The  relations  of  the  Society  to  other  societies  and  to 
the  profession  generally  are  also  included.  The  outcome  of  the  work 
of  the  Committee  may  be  modifications  in  the  activities,  fimctions,  and 
methods  of  work,  or  in  the  emphasis  in  these  matters,  and  possibly 
the  addition  of  new  ones.*     *     *     * 

"It  is  expected  that  the  Committee  will  report  definite  recommen- 
dations in  the  field  of  its  work  and  these  recommendations  may  include 
proposals  of  fundamental  changes  which  may  involve  amendment  of 
the  Constitution  of  the  Society," 

And  Whereas:  The  Committee  on  Development  presented  to  the 
Board  of  Direction  at  its  meeting  on  October  14th,  1919,  a  comprehen- 
sive report,  in  which  was  included  the  report  of  the  Joint  Conference 
Committee  representing  the  American  Society  of  Civil  Engineers,  the 
American  Institute  of  Mining  and  Metallurgical  Engineers,  the 
American  Society  of  Mechanical  Engineers,  and  the  American  Insti- 
ture  of  Electrical  Engineers,  containing  fundamental  recommendations 
for  the  development  of  the  Society  along  lines  intended  to  so  broaden 
its  activities  as  to  enable  it  to  become  a  National  force,  in  co-operation 
with  other  engineering  and  allied  technical  associations,  in  economic, 
industrial  and  civic  affairs. 

Therefore  Be  it  Resolved:  That  the  Sixty-seventh  Annual  Meet- 
ing of  the  American  Society  of  Civil  Engineers  hereby  approves  the 
fundamental  recommendations  contained  in  the  report  of  its  Com- 
mittee on  Development,  and 

Be  it  Further  Resolved:  That  the  Board  of  Direction  be  and  is 
hereby  directed  to  submit  this  preamble  and  these  resolutions  and  the 
following  questionnaire  in  a  letter-ballot  to  the  corporate  members 
of  the  Society  on  or  before  February  9th,  1920,  which  ballot  shall  be 
canvassed  not  earlier  than  March  1st,  or  later  than  March  16th,  1920. 

A. — External  Eelations. 

1.  Shall  the  American  Society  of  Civil  Engineers  "adopt  the  prin- 
ciple of  becoming  an  active  National  force  in  economic,  industrial  and 
civic  affairs"?  (Division  C,  page  10.)* 

2.  Shall  the  Society  actively  co-operate  with  other  engineering  and 
allied  technical  associations  in  promoting  the  welfare  of  the  Engineer- 
ing Profession?     (Division  C,  pages  10-19.)* 

3.  Shall  the  Society  for  the  purposes  set  forth  in  Questions  1  and 
2  actively  co-operate  in  the  creation  of  the  comprehensive  organization 
as  outlined  in  the  Joint  Conference  Committee  Report?  (Division  C, 
pages  10-19.)* 

*  See  Report  of  the  Committee  on  Development  to  the  Board  of  Direction  of  the 
American  Society  of  Civil  Engineers. 
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B. — Internal  Eelations. 

1.  Shall  the  recommendations  of  the  Committee  on  Development 
as  to  technical  activities  be  adopted?  (Division  A,  Sections  1-5,  pages 
4-6.)* 

2.  Shall  local  sections  be  created  to  embrace  the  entire  membership 
of  the  Society?    (Division  B,  Section  1,  a,  b,  c,  and  h,  page  6.)* 

3.  Shall  the  Directors  in  each  geographical  district  be  nominated 
and  elected  by  vote  of  the  Corporate  Members  resident  therein?  (Divi- 
sion B,  Section  1,  e,  f  and  g,  page  6.)* 

4.  Shall  a  portion  of  the  Society  dues  be  allotted  to  local  sections? 
(Division  B,  Section  1,  i,  page  6.)* 

5.  Shall  the  present  Nominating  Committee  be  abolished  and  can- 
didates for  the  office  of  President,  two  Vice-Presidents  and  Treasurer 
be  nominated  by  representatives  of  local  sections  in  annual  conference? 
(Division  B,  Section  1,  j  and  k,  pages  6-7.)* 

6.  Shall  the  dues  of  all  Non-resident  Members  above  the  grade  of 
Junior  be  increased  to  provide  for  greater  activities  of  the  Society, 
but  not  to  exceed  $5.00  per  annum? 

I  present  that  resolution,  Mr.  President,  for  the  purpose  of  crystal- 
lizing debate,  and  for  getting  immediate  action  in  the  form  of  a  motion. 
.    (Motion  seconded.) 

J.  C.  Ralston,  M.  Am.  Soc.  C.  E. — I  come  from  the  State  of  Wash- 
ington and  speak  for  the  engineers  and  their  various  chapters  in  the 
Pacific  Northwest.  I  desire  to  second  that  motion.  The  engineers  of 
the  Pacific  Northwest,  and  I  am  sure  a  large  majority  throughout  the 
country,  are  looking  to  this  Annual  Meeting  to  submit  a  questionnaire, 
reaching  to  the  fundamentals,  fairly  and  comprehensively,  as  developed 
by  the  Development  Committee. 

We  are  seeing  it  through  this  unique  and  remarkable  situation :  We 
see  scores  of  young  engineers  and  scores  of  prospective  young  engineers 
trooping  by  the  doors  of  our  respective  chapters,  with  sneers  on  their 
faces,  rushing  into  the  meretricious  arms  of  the  American  Association 
of  Engineers.  We  see  various  civil  bodies,  industrial,  technical,  com- 
mercial, and  other  technical  bodies,  which  have  heretofore  been  more 
or  less  inert — some  of  them  may  have  been  even  emasculated — but  we 
suddenly  see  them  rising  to  a  new  vision  of  utility. 

We  take  the  opportunity,  therefore,  of  warning,  or  urging  that  the 
American  Society  of  Civil  Engineers  also  respond  to  the  vision  of 
utility,  and  rise,  if  you  please,  above  the  inertia  of  pre-war  inactivity  to 
the  mountain  tops  of  post-war  accomplishment. 

Mr.  Williams. — It  is  now  after  12.30,  and  I  move  that  this  resolu- 
tion be  made  the  special  order  for  2.30  this  afternoon. 

*  See  Report  of  the  Committee  on  Development  to  the  Board  of  Direction  of  the 
American  Society  of  Civil  Engineers. 
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Mr.  Hansel. — I  second  the  motion. 

The  President. — You  have  heard  the  motion,  which  is  that  we  ad- 
journ  

(Cries  of  "no.") 

Mr.  Williams. — That  it  be  made  a  special  order. 

The  President. — The  motion  is  that  this  motion  be  made  a  special 
order  on  our  re-convening  this  afternoon. 

Mr.  Williams. — Be  made  a  special  order  at  2.30  this  afternoon. 

The  President. — I  think  it  would  be  anyway  without  the  motion. 

S.  N.  Castle,  M.  Am.  Soc.  C.  E. — It  seems  to  me  that  Mr.  Humphrey's 
resolution  goes,  in  good  old  fashioned  English,  to  the  "guts"  of  the 
whole  matter.  I,  therefore,  definitely  oppose  the  postponement  of  this 
resolution  to  any  special  order.  Let  us  take  this  thing  up  and  discuss 
it  now.  Do  not  be  finicky  about  our  speech.  Go  right  to  the  heart  of 
the  matter. 

The  President. — There  is  no  amendment  to  the  motion;  therefore, 
I  shall  have  to  put  the  motion. 

J.  H.  Granbery,  M.  Am.  Soc.  C.  E. — I  should  like  to  amend  Mr. 
Humphrey's  motion  to  the  extent  that  the  statement  of  approval  of 
the  findings  of  the  Development  Committee  be  postiwned  until  such 
time  as  the  Society  has  had  an  opportunity  to  pass  upon  the  subject  by 
discussion. 

Mr.  Williams. — I  rise  to  a  point  of  order.  The  motion  to  make 
this  a  special  order  at  a  special  time  is  to  be  disposed  of. 

The  President. — I  think  so.  Are  you  ready  for  the  question?  All 
in  favor  please  say  "aye" — I  do  not  think  I  need  to  put  the  other — 
contrary,  "no".  It  is  to  be  a  special  order  to  be  taken  up  immediately 
on  the  convening  of  this  convention  at  2.30  P.  M.,  but  the  whole  matter 
is  still  open  for  discussion  at  the  present  time. 

Mr.  Leighton. — I  move  we  receive  the  report  of  the  Tellers  as  to 
the  new  officers. 

(Motion  seconded.) 

The  President. — The  motion  is  that  before  we  adjourn  we  take  up 
the  report  of  the  Tellers.  If  there  is  no  objection  to  that,  we  will  so 
take  up  the  Tellers'  report.  There  being  none,  will  you  make  the  re- 
port, Mr.  Secretary? 

(The  Secretary  read  the  Report  of  the  Tellers,  as  follows:) 

33  West  39th  Street,  New  York,  N.  Y., 

January  21,  1920. 

"To  the  Sixty-Seventh  Annual  Meeting, 

American  Society  of  Civil  Engineers: 

"The  Tellers  appointed  to  canvass  the  ballots  for  Officers  of  the 
Society  for  1920  report  as  follows : 
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"Total    number  of  ballots  received 2  074 

Ballots  without  signature 17 

"       stamped,  not  signed 8 

"       from  members  in  arrears  of  dues 6 

Total  number  not  entitled  to  vote 31 

Ballots  canvassed 2  043 

Defective    2 

"For  President: 

Arthur  Powell  Davis 2  029 

Scattering 11 

"For  Vice-Presidents: 

E/obert  August  Cummings 2  023 

Francis  Lee  Stuart 2  018 

Scattering 11 

"For  Treasurer : 

Arthur  Smith  Tuttle 2  040 

Scattering    1 

"For  Directors: 

i  Carleton  Greene 1  985 

District  No.    1  \  Clarence  Walter  Hudson 1  972 

(       Scattering    8 

.      ^^  (  John  Adam  O'Connor 1976 

District  No.    3j       Scattering 5 

^.      .      ^,       ^  (  John  Clayton  Hoyt 1974 

District  JNo.    5  •<       o     ii     •  o 

{       Scattering o 

T_ .      .      ,,       ^  \  Anson  Marston 1 979 

District  JNo.    7  <       o     XX    •  (\ 

{       Scattering 9 

District  No.  12  \  ^^^^  Christiaan  Henny 1  982 

/       Scattering b 

Kalph  H.  Chambers, 
Kenneth  Allen, 
J.  C.  Meem, 
C.  D.  Pollock, 
Harold  Tait, 
F.  W.  Perry, 
Nathan  C.  Johnson, 

"Tellers." 
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The  President. — I  now  declare  the  following  elected: 

President,  Arthur  Powell  Davis. 

Vice-President,  Robert  Augustus  Cummings  and  Francis  Lee  Stuart. 

Treasurer,  Arthur  Smith  Tuttle. 

Directors:  District  No.  1,  Carleton  Greene  and  Clarence  Walter 
Hudson;  District  No.  3,  John  Adam  O'Connor;  District  No.  5,  John 
Clayton  Hoyt;  District  No.  7,  Anson  Marston;  District  No.  12,  David 
Christiaan  Henny. 

If  there  is  no  objection  we  will  proceed  to  new  business.  That  is 
next  in  order.  If  there  is  no  new  business  to  come  before  the 
meeting 

The  Secretary. — Mr.  President,  if  it  is  possible  for  the  Secretary 
to  make  a  motion,  I  would  move  you,  sir,  that  our  newly  elected  Presi- 
dent be  presented  to  the  Meeting  at  this  time. 

(Motion  seconded.) 

The  President. — I  think  that  is  customary  and  should  be  done, 
but  on  account  of  its  not  being  the  end  of  the  Annual  Meeting,  I  do 
not  know  whether  it  would  be  the  proper  thing  to  do  it  now  or  later, 
but  if  there  is  no  objection,  it  may  be  done  now. 

Mr.  Williams. — There  can  be  no  objection  that  I  can  see  to  pre- 
senting the  newly  elected  President  to  the  Meeting.  I  think  you  cannot 
turn  over  the  business  of  the  Meeting  to  him,  but  you  may  let  him 
make  a  speech,  and  we  would  be  delighted  to  hear  him. 

The  President. — That  gives  me  the  greatest  pleasure  that  I  have 
had  for  a  long  time,  to  introduce  the  new  president,  and  I  am  going 
to  ask  Professor  Talbot  and  Professor  Swain  if  they  will  escort  the 
new  president  to  the  platform. 

Allow  me  to  present  the  new  President,  Mr.  Davis. 

Mr.  Davis. — Mr.  President  and  gentlemen  of  the  American  Society 
of  Civil  Engineers,  I  am  profoundly  grateful  for  the  great  honor  which 
you  have  done  me;  and  find  it  impossible  to  explain,  under  any  reason- 
able hypothesis,  when  I  reflect  upon  the  eminent  men  who  have  occu- 
pied this  position,  and  the  great  importance  of  the  position  itself.  I 
am  no  less  impressed  with  the  responsibilities  that  are  placed  upon  the 
Board  of  Direction  for  the  following  year  and  with  a  sense  of  relief 
that  the  President's  term  is  as  short  as  one  year,  so  that  you  can  get 
somebody  who  will  do  the  job  better,  if  it  is  not  finished,  as  it  will 
not  be,  by  the  time  the  year  is  up. 

I  feel  very  grateful  for  the  complimentary  reference  of  the  gentle- 
man who  explained  that  you  wanted  a  speech  from  me.  It  is  a  great 
act  of  charity  and  of  compassion  to  let  a  man  emit  a  bottled-up  speech. 
But  I  have  no  speech  bottled-up,  and  I  know  you  are  very  busy.  I 
know  that  this  day  has  more  in  it  than  we  have  time  to  accomplish. 
We  have  the  most  important  things,  as  has  already  been  stated,  to 
consider  today,  that  we  have  considered  for  years;  and,  therefore,  with 
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a  statement  of  my  sympathy  with  the  progressive  movement  that  is 
well  nigh  unanimous  in  this  Society,  and  the  hope  that  those  of  us, 
among  whom  I  expect  to  be  numbered,  who  do  not  accomplish  all  that 
we  hope  to  do  in  all  details,  will  accept  the  result  with  good  grace, 
when  we  have  said  all  that  we  have  to  say  and  have  voted,  and  have 
expressed  our  opinion,  and  the  thing  is  finally  decided  definitely,  we 
will  all  get  in  and  work  for  a  new  birth  of  activity  on  the  part  of  this 
Society  in  filling  the  niche,  which  has  presented  itself  here,  and  which 
it  is  our  duty  to  get  in  and  fill,  if  it  is  ever  to  be  filled  with  the  effi- 
ciency that  it  should  be. 

The  history  of  this  Society  is  a  great  one;  its  growth  has  been 
large  and  constant;  its  standards  are  high;  but  looking  back  over  the 
years,  we  realize  if  we  had  known  the  things  we  now  know,  its  accom- 
plishments could  have  been  greater.  Due  to  the  conservatism  of  this 
Society,  in  taking  up  new  ideas  or  advancing  into  new  fields,  there 
have  been  other  societies  organized  to  occupy  those  fields,  and  they 
have  accomplished  a  great  work  for  which  I  have  nothing  but  praise. 
But  I  feel  the  conviction  that  it  could  have  been  accomplished  before, 
with  less  effort  and  less  expenditure  by  the  engineering  profession,  if 
this  Society  had  occupied  those  fields  and  accomplished  those  things 
itself. 

Now,  it  should  not  be  and  I  hope  it  will  not  be  our  effort  to  elbow 
any  of  those  societies  out  of  the  functions  that  they  are  fulfilling,  but 
there  are  other  things  presenting  themselves  which  this  Society  should 
do,  and  there  is  no  other  organization  or  organizations  which  can  take 
the  place  of  this  one  in  its  standing  before  the  public  and  before  the 
Engineering  Profession  and  before  the  world  at  large  unless  it  takes 
over  our  membership  in  toto.  No  other  society  can  occupy  that  place, 
and,  consequently  no  other  society  can  do  the  work  that  is  laid  out  before 
us.  If  we  fail,  that  work  will  necessarily  fail;  but  it  will  not  fail 
unless  the  Society  goes  to  pieces  and  passes  out  of  existence,  so  that 
some  other  society  can  come  in  to  take  its  place. 

There  will  be  more  to  be  said  in  the  discussion  this  afternoon,  and 
it  is  possible — very  likely — that  I  will  take  part  in  it.  It  is  not  my 
function  to  preside  this  afternoon,  as  I  am  not  yet  President  of  the 
Society.  The  constitution  requires  that  the  newly  elected  officers  take 
office  at  the  end  of  the  Annual  Meeting;  and  by  the  action  taken  this 
morning,  that  Annual  Meeting  is  not  ended  and  cannot  end  with  this 
recess  that  is  about  to  occur. 

The  suggestion  made  by  Mr.  Talbot  that  the  Board  of  Direction 
meet  immediately  after  this  meeting,  accomplish  what  it  can  in  an 
informal  way,  and  afterward  confirm  that,  does  not  especially  appeal 
to  me.  It  may  be,  and  probably  will  be,  that  very  important  matters 
from  a  legal  standpoint  will  be  presented  to  the  Board  of  Direction  at 
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its  first  meeting;   and  an   informal  meeting,   afterward  confirmed   by- 
some  kind  of  resolution,  might  be  open  to  question. 

We  can  accomplish  just  as  much  in  a  twenty  minutes  or  an  hour 
or  two  hours'  session  after  five  o'clock  this  evening,  as  we  can  by  a 
shorter  or  a  similar  length  of  session  between  1  and  2 :30  p.  m.  So  that 
no  time  will  be  gained  by  meeting  in  an  informal  way,  and  we  shall  cut 
out  the  necessary  circumlocution  of  making  that  legal  which  is  not 
legal,  afterward.  The  question  whether  we  can  do  such  a  thing  or 
not  might  possibly  arise.  The  argument  has  been  made  that  we  can 
transact  our  business  while  other  people  are  eating  lunch.  We  can 
transact  our  business  while  other  people  are  eating  dinner  this  evening 
as  well.  So  that  unless  some  member  of  the  Board  of  Direction  makes 
objection  I  shall  now  call  a  meeting  of  the  new  Board  of  Direction  to 
be  held  immediately  at  the  end  of  the  Annual  Meeting,  as  contemplated 
and  specifically  required  in  the  constitution,  that  is,  as  soon  as  it  can 
be  done  under  the  constitution.  Unless  there  is  objection,  that  will  be 
the  understanding. 

If  there  is  no  objection,  we  will  meet  then  at  the  close  of  this  Annual 
Meeting  immediately.  Then  if  it  is  meal  time,  we  can  adjourn  to 
some  later  hour,  possibly,  or  do  as  we  please  in  that  regard.  Is  there 
objection  ?  I  hear  none.  Therefore,  gentlemen,  I  thank  you  profoundly 
again,  and  will  do  my  utmost  during  the  coming  year  to  serve  you  in 
a  manner  that  will  be  acceptable  and  to  the  ultimate  benefit  of  this 
Society.    I  thank  you. 

A  Member. — I  move  we  adjourn. 

The  President. — I  hear  somebody  say  something  about  adjourn- 
ment; that  suits  me  too. 

The  Secretary. — Mr.  President,  before  we  adjourn,  a  member  of  the 
Committee  on  Arrangements,  who  is  looking  after  this  luncheon — which 
I  think  some  of  us  may  get — wishes  to  make  an  announcement — Mr. 
Gilman. 

Charles  Gilman,  Assoc.  M.  Am.  See.  C.  E. — Gentlemen,  the  limcheon 
will  be  served  at  1  o'clock  in  the  Meeting  Room  on  the  5th  floor.  Seats 
have  been  arranged  longitudinally  in  the  rooms,  and  you  are  requested 
to  take  those  seats  as  far  as  they  will  go.  The  waiters  will  pass  through 
the  aisles,  and  if  you  will  not  congest  the  aisles,  your  luncheon  will  be 
successfully  served. 

A  Member — I  move  we  recess  xmtil  2.30  p.  M. 
(Motion  seconded.) 

The  President. — The  motion  is  made  that  we  adjourn  to  2.30  this 
afternoon.    All  in  favor,  say  "aye" ;  contrary,  "no".    Carried. 

Recessed  to  2.30  p.  m. 

Afternoon  Session. 

The  meeting  was  called  to  order  at  2.30  P.  m.  President  Fayette  S. 
Curtis,  in  the  chair;  Chas.  Warren  Hunt,  Secretary;  and  present, 
also,  about  800  members. 
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The  President. — The  matter  before  the  meeting  is  the  resolution 
presented  by  Mr.  Humphrey;  that  is  the  first  thing  to  be  considered. 
That  matter  is  open  for  discussion  to  anybody  who  desires  to  discuss  it. 

Mr.  Rights. — Mr.  Chairman,  I  ask  that  the  resolution  be  read  again. 

(The  Secretary  read  Mr.  Humphrey's  resolution  as  presented  at  the 
morning  session.) 

The  Secretary. — I  have  omitted  the  references  which  are  here. 

Mr.  Humphrey. — Mr.  President,  I  would  like  to  suggest,  in  order 
to  expedite  the  debate  on  this  resolution,  that  we  pass  the  preamble 
temporarily  and  take  up  the  questionnaire,  question  by  question,  and 
approve  of  it;  and  unless  there  is  objection,  I  would  suggest  that  we 
take  up  question  No.  1,  under  Sub-division  A,  and  I  formally  move  the 
approval  of  it. 

Mr.  Hansel. — I  second  the  motion. 

The  President. — Is  there  any  objection  to  that? 

Alex.  C.  Humphreys,  M.  Am.  Soc.  C.  E. — I  am  wondering  whether 
in  an  important  matter  of  this  kind,  we  want  to  expedite  the  discussion 
too  much.  Do  not  let  us  have  anything  railroaded.  It  is  too  serious 
a  matter  for  expedition. 

The  President. — Whether  that  would  expedite  the  matter  or  not,  I 
do  not  know,  but  the  suggestion  is  made  that  we  take  each  question  up 
separately  for  discussion  and  action. 

Mr.  Humphreys. — I  am  not  objecting  to  the  course,  I  am  simply 
throwing  a  word  of  warning  as  to  the  general  proposition. 

A  Member. — Mr.  Chairman,  will  you  read  that  question  so  that  we 
will  know  what  we  are  talking  about. 

Mr.  Humphrey. — In  order  to  concentrate  on  one  item  at  a  time  I 
repeat  my  suggestion  that  we  take  up  for  action  the  first  question  on' 
Sub-division  A. 

The  President. — That  is  what  I  understood.  This  relates  to  external 
relations,  and  the  first  question  is,  "Shall  the  American  Society  of  Civil 
Engineers  adopt  the  principle  of  becoming  an  active  National  force  in 
economic,  industrial  and  civic  affairs?" 

A  Member. — I  move  its  adoption. 

(Motion  seconded.) 

The  President. — It  is  open  for  discussion. 

W.  M.  Black,  M.  Am.  Soc.  C.  E. — I  have  been  out  of  touch  with 
the  Society  for  a  number  of  years. 

The  Secretary. — Will  you  not  come  forward? 

Gen.  Black. — What  I  have  to  say  will  take  but  a  moment.  I  would 
like  to  know  what  these  things  mean.  I  got  the  report  of  the  Com- 
mittee on  Development  this  morning.  I  see  the  questionnaires,  but 
do  they  mean  anything?  In  what  way  are  we  to  be  an  active  force  in 
economics?  Surely  we  are  not  to  go  into  politics.  I  would  like  to 
know,  it  is  very  indefinite  about  the  whole  matter.  A  very  eloquent 
gentleman  from  the  Northwest  addressed  us  this  morning  about  the 
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mountain  tops,  but  I  could  not  find  out  what  we  were  going  to  do 
when  we  got  there.  And  so  all  the  way  through.  These  resolutions 
seem  to  be  so  very  general  that  we  might  as  well  adopt  a  resolution 
that  the  earth  is  round  and  the  heavens  are  big.  It  seems  to  me  we 
are  not  specific  enough.  Let  us  get  down  a  little  bit  to  brass  tacks  and 
say  what  we  propose  to  do. 

We  have  always  been  active  in  outside  affairs  to  a  certain  extent. 
Now,  it  is  proposed  to  extend  that  activity.  How?  In  what  manner, 
to  what  end?  I  am  asking  for  information,  and  I  hope  that  in  the 
discussion  on  this  resolution,  some  one  will  kindly  say  something 
specific  that  we  may  know  what  we  are  voting  for. 

The  President.— I  will  ask  Mr.  Humphrey  if  he  can  give  us  any 
more  information  on  the  questionnaire. 

Mr.  Ralston. — Mr.  Chairman,  if  the  previous  speaker  had  had  the 
rare  good  fortune  and  the  time  to  have  read  the  report  of  the  Com- 
mittee on  Development,  he  probably  would  have  seen  the  significance 
of  all  the  questions  in  this  questionnaire,  and  particularly  Question 
No.  1  which  is,  "Shall  the  American  Society  of  Civil  Engineers  adopt 
the  principle  of  becoming  an  active  National  foice  in  economic, 
industrial  and  civic  affairs?"  or,  by  inference,  shall  it  remain  inert? 

Now,  by  reading  through  the  whole  report,  and  I  take  it  the  large 
majority  who  are  here  present  have  read  the  whole  report,  you  will 
find  that  it  suggests  in  its  modest  way,  how  far  in  the  matter  of 
external  relations  the  American  Society  of  Civil  Engineers  shall  go 
and  how  much  farther  than  at  present  it  may  go  with  respect  to  its 
internal  relations.  So  that  I  venture  to  suggest  and  submit  that  the 
report  itself  speaks  for  the  entire  concept  and  is  a  concentrated  effort 
on  the  part  at  least  of  the  Development  Committee  to  explain  to  the 
membership  about  how,  in  a  general  way,  the  Society  may  become  a 
National  force  and  not  remain  wholly,  or  largely,  as  it  has  in  the  past, 
a  purely  technical  organization. 

S.  Whinery,  M.  Am.  Soc.  C.  E. — Mr.  President,  I  rise  to  a  point 
of  order.  At  the  meeting  this  morning  a  general  programme  prepared 
by  the  Board  of  Direction  was  submitted  to  the  meeting,  evidently  with 
the  request  that  it  be  acted  upon  by  this  meeting.  It  may  cover  sub- 
stantially the  same  ground  as  this  resolution:  but,  as  a  matter  of  fact, 
in  parliamentary  procedure,  it  is  the  duty  of  this  meeting  to  consider 
those  recommendations  in  preference  to  any  other  business  before  the 
meeting. 

Mr.  Parker. — If  you  will  remember  the  action  this  morning,  this 
body  made  a  special  Order  of  Business  at  this  time,  which  takes  pre- 
cedence over  instructions  from  the  Board. 

The  President. — There  cannot  be  anything  else  considered  until 
this  is  fully  considered  and  then  we  can  take  up,  if  it  is  the  pleasure 
of  the  meeting,  the  report  of  the  Board  of  Direction,  or  anything  else; 
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but  I  doubt  if  you  can  take  up  anything  else  at  present,  except  what  is 
before  you  now. 

W.  H.  HoYT,  M.  Am.  Soc.  C.  E. — It  seems  to  me  that  it  is  a  little 
out  of  order  to  take  up  each  individual  question  submitted  in  this 
questionnaire.  The  resolution  before  this  meeting  at  the  present  time 
is  a  direction  in  toto  to  the  Board  to  submit  the  resolution  and  this 
questionnaire  to  the  membership  of  the  Society  for  individual  vote. 
I  do  not  see  that  we  have  the  authority,  although  we  may  discuss  the 
matter.  As  the  resolution  stands  at  present,  it  is  a  resolution  to  refer 
to  the  membership  the  questionnaire,  as  submitted,  for  the  individual 
vote  of  the  Society. 

We  believe,  the  Association  of  the  Members  of  the  American 
Society  of  Civil  Engineers  at  Duluth,  believes  that  this  Committee  on 
Development  was  well  appointed  by  the  Board  of  Direction.  The 
instructions  for  the  Committee  and  the  foreword  by  Past-President 
Talbot,  submitting  those  instructions,  were  to  the  point,  and  gave  the 
Committee  almost  unlimited  scope. 

This  report  has  been  printed  and  submitted  to  the  membership,  but 
we  have  not  yet  had  an  opportunity  to  express  an  individual  opinion 
upon  the  various  matters.  There  are  no  doubt  many  things  in  that 
report  that  are  more  or  less  minor,  and  were  inserted  as  suggestions 
to  the  Board ;  but  there  are  certain  fundamental  principles  upon  which 
the  membership  of  the  Society  should  be  given  an  opportunity  to 
express  their  individual  opinions;  and  as  I  understand  it,  the  motion 
now  before  this  meeting  is  to  submit  such  questions  to  the  Society. 

I  understand,  from  the  officers  of  the  Society  who  have  been  quoted 
to  me,  at  least,  that  when  questions  of  this  kind  have  been  submitted 
to  the  popular  vote  of  the  Society,  they  have  been  almost  always 
successfully  solved.  That  is,  what  we  are  asking  today  is  the  submis- 
sion to  the  Society  of  these  questions  on  which  members  may  have  an 
opportunity  to  express  their  individual  opinion.  I  do  not  see  how 
we  can  take  up  the  individual  discussion  of  the  questionnaire. 

The  President. — I  shall  have  to  state  to  you  that  the  gentleman 
who  offered  the  resolution  thought  it  would  be  a  wise  thing  to  take  up 
each  question  separately  and  asked  the  privilege  to  do  it,  and  there 
was  no  objection  raised  by  any  member  here,  and  therefore,  we  are 
proceeding  in  that  way.  I  do  not  see  any  reason  why  that  is  not  the 
proper  procedure.  I  gave  every  one  an  opportunity  to  object  to  this 
and  no  one  objected. 

B.  A.  Howes,  Assoc.  M.  Am.  Soc.  C.  E. — It  often  happens  that  a 
most  explicit  legal  document  is  not  thoroughly  understood  by  the  men 
who  receive  it,  especially  if  they  are  not  versed  in  legal  phraseology. 
So  it  seems  to  me  that  possibly,  in  order  to  expedite  this  matter,  a 
general  explanation  by  men  who  are  versed  in  what  it  aims  to  do 
would  help  us  along  in  this  meeting.     If  it  is  in  order  I  would  like 
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to  propose  an  amendment  to  the  motion  to  the  effect  that  time  be 
allotted  for  general  discussion  before  taking  up  the  items. 

The  President. — I  think  perhaps  you  are  out  of  order.  This  thing 
has  been  passed  upon. 

Mr.  Humphreys. — I  second  the  amendment. 

Mr.  Humphrey. — I  hope  that  that  amendment  will  not  prevail. 
I  think  we  have  wasted  enough  time  this  morning  on  trivial  matters, 
and  to  waste  half  an  hour  on  this  thing  and  then  take  the  items  up 
separately  would  be  a  waste  of  time.  We  are  taking  up  these  items 
separately,  and  during  the  discussion  the  whole  matter  will  be  brought 
out,  and  all  the  information  will  be  obtained.  When  we  have  discussed 
all  the  questions  involved,  we  will  then  be  in  a  position  to  see  whether 
we  want  to  decide  them.  It  seems  to  me,  on  this  matter,  that  if  we 
waited  for  ten  years  for  some  of  the  members  of  this  Society  to  read 
that  report  of  the  Development  Committee,  they  would  not  read  it,  or 
understand  it. 

Mr.  Howes. — I  move  an  amendment  to  the  effect  that  time  be 
allotted  for  general  discussion  of  this  whole  subject  before  the  items 
are  taken  up  in  detail. 

Mr.  Humphreys. — I  second  it. 

The  President. — There  is  a  motion  before  the  house.  I  think  you 
all  understand  it.  All  in  favor  of  it  please  say  "aye";  contrary  "no". 
I  judge  from  the  noise  that  it  was  defeated. 

We  will  proceed  to  take  up  the  questions  one  by  one.  I  think  we 
should  give  plenty  of  time  to  debate  these  different  questions,  as  they 
come  up.  I  do  not  think  we  ought  to  cut  out  discussion  on  these  items, 
and  I  am  going  to  allow  all  the  liberty  that  I  can  on  these  different 
questions  as  they  come  up. 

Mr.  Eights. — I  would  like  to  ask  as  a  point  of  information : 
suppose  we  pass  the  first  item,  do  I  understand  that  this  carries  with 
it  the  general  resolution  that  it  must  be  submitted  by  the  Board  of 
Direction  ? 

Mr.  Humphrey. — No;  that  is  not  the  intent.  It  means  that  the 
meeting  has  approved  the  form  of  the  question. 

A.  P.  Davis,  M.  Am.  Soc.  C.  E. — If  it  is  adopted  in  this  form  the 
Board  of  Direction,  nor  anybody  else,  would  have  no  right  to  change 
a  letter  in  it.- 

Mr.  Humphreys. — The  answer  that  was  just  given  by  the  incoming 
President,  that  if  this  is  passed  the  Directors  will  have  no  right  or 
op]X)rtunity  to  change  a  word,  is  most  significant.  I  protest  that  in 
an  important  matter  of  this  kind  we  do  not  want  to  hamper  the 
Directors  in  any  way  in  their  efforts  to  bring  out  all  the  information 
they  can  from  the  members.  Let  them  send  this  question  out  if  they 
like,  but  do  not  by  implication  leave  it  so  that  the  Directors  cannot 
amplify  the  questionnaire  in  any  way  that  their  judgment  dictates. 
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Let  me  say,  in  answer  to  Mr.  Humphrey,  that  the  fact  that  he  has 
studied  this  proposition — I  have  studied  it  also — is  by  no  means 
ground  for  reflection  on  many  members  here  that  they  are  not  able  to 
answer  the  questions  that  may  come  up,  without  full  discussion,  and 
we  want  to  avoid  anything  like  railroading. 

Now,  a  former  associate  on  the  Board  has  asked  a  question,  he  is  a 
most  intelligent  man,  and  it  needs  an  answer.  He  happens  to  have  the 
courage  to  ask  that  question.  There  are  probably  dozens  of  men  who 
have  questions  that  they  would  like  to  ask  but  they  do  not  want  to  get 
up  and  expose  their  ignorance.  In  the  first  little  society  of  which  I 
was  a  member,  I  sat  and  listened  for  ten  years  to  the  "bunk"  that  was 
gotten  off. 

Mr.  Hansel. — I  think  the  first  question  is  the  easiest  answered.  It 
was  the  outcome  of  our  study  of  the  duty  that  was  upon  us  all.  The 
Committee  on  Development  had  its  first  conference  in  Chicago.  It  was 
our  endeavor  to  find  out  just  what  we  were  expected  to  do ;  and  I  think 
if  you  will  take  the  question  that  you  are  asked  to  consider  now,  it 
will  be  the  Committee's  understanding  of  the  intent  of  the  resolution 
and  the  precept  of  Past -President  Talbot.  If  we  had  not  decided  that 
that  was  it,  we  would  not  have  known  that  we  had  anything  to  do, 
and  having  decided  that  that  was  the  thing  that  we  were  entitled  to  do, 
that  the  Society  did  believe  that  it  should  go  out  and  do  its  share  in 
the  world's  work,  we  followed  it  up  in  great  detail,  considering  the  lack 
of  time,  and,  therefore,  it  is,  I  think,  the  interpretation  of  the  orders 
which  we  received. 

J.  N.  Chester,  M.  Am.  Soc.  C.  E. — The  impression  seemed  to 
prevail  in  some  recent  remarks  that  have  been  made,  that  by  approving 
this  Question  No.  1,  as  the  motion  is  made,  that  we  limit  or  curtail  the 
Board  of  Direction  in  amplifying  the  questionnaire  in  any  way.  Not  so. 
The  Board  of  Direction  is  only  bound  to  send  these  questions  out, 
and  is  certainly  at  liberty  to  add  as  many  more  as  it  may  see  fit.  I 
believe  that  is  the  intent  of  this  resolution. 

Mr.  Humphrey. — May  I  endorse  what  Mr.  Chester  has  said. 
Mr.  Chester  has  stated  the  situation  exactly.  Mr.  Davis  suggested 
that  if  this  question  was  adopted,  the  Board  would  have  no  right  to 
make  any  change.  Dr.  Humphreys  inferred  that  there  could  not  be  any 
additional  questions.  That  was  not  the  question;  these  questions 
should  be  submitted  to  the  members  of  the  Society ;  this  meeting  having 
approved  them,  they  are  not  to  be  changed. 

Mr.  Humphreys. — Dr.  Humphreys  did  not  infer  anything  of  the 
kind;  but  where  we  have  to  deal  with  ambiguity,  as  we  all  have,  it  is 
necessary  to  be  explicit,  and  I  wanted  to  bring  out  that  very  statement, 
and  get  it  on  the  record,  and  I  got  what  I  wanted. 

Mr.  Leighton. — Whether  or  not  the  action  of  this  meeting  binds 
the  Board  of  Direction  I  think  is  relatively  unimportant.     The  im- 
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portant  feature  of  this  discussion  is  that  it  will  be  of  assistance  in 
helping  our  fellow  members  who  are  not  at  this  meeting,  who  are  out 
on  the  plains,  and  in  the  hills  and  in  the  sage  brush,  to  find  out  what 
we  here  think  about  it,  and  to  give  them  ideas  upon  which  they  can 
base  their  opinions  in  returning  their  answers  to  this  questionnaire. 

I  think,  Mr.  President,  that  it  may  help  the  members  here  to  hear 
a  few  truths  about  things  as  they  appear  out  there  in  the  hills  and  in 
the  sage  brush,  I  do  not  know  how  many  are  here  from  that  part  of 
the  country,  but  I  assume  the  majority  of  the  people  on  the  floor  are 
from  District  No.  1,  and  I  assure  you  that  that  is  a  very  small  part 
of  the  country. 

I  would  like  to  be  merely  a  reporter,  and  that  which  I  shall  say 
is  not  necessarily  a  reflection  of  my  own  views.  It  happens  that  during 
the  past  year  I  have  been  in  rather  close  touch  with  the  engineers  of 
the  country  through  their  various  organizations.  In  fact,  I  think 
that  few  people  in  the  engineering  profession  have  had  so  fortunate 
an  opportunity  as  I  have  to  learn  what  the  engineers  of  various 
Societies  are  thinking  about,  and  how  they  feel. 

To  my  amazement  I  find  that  of  the  many  Societies  in  the  United 
States  with  which  I  have  come  in  contact  and  from  which  I  have  had 
reflections,  there  is  no  body  of  men  so  discontented  with  their  organiza- 
tion, and  so  ready  to  enter  upon  vitriolic  sage-brush  talk  as  the  members 
of  the  American  Society  of  Civil  Engineers.  I  do  not  reflect  their 
views.  I  am  merely  telling  you  the  fact.  There  is  great  discontent 
among  our  members.  Of  course,  there  is  among  others.  And  that 
discontent  arises  from  the  fact  that  the  engineers  of  this  country  are 
tired  of  bearing  the  reputation  of  being  disinterested  citizens  and  hold- 
ing aloof  from  their  fellow  citizens. 

I  think  that  reflects  my  views  in  a  large  degree  also;  but  bear  in 
mind  I  am  merely  a  reporter,  and  in  answer  to  Gen.  Black  I  want  to  say 
that  the  thing  which  the  engineers  of  the  country  want  to  accomplish 
and  hope  to  accomplish  is  freedom  from  that  inertia  which  has  given 
them  a  national  reputation  of  aloofness,  and  which  makes  everybody 
outside  of  the  engineering  circle  believe  that  the  engineer  does  not  care 
"a  hang"  what  becomes  of  the  country,  so  long  as  he  gets  his  fee. 

There  are  a  great  many  organizations  in  the  United  States,  Engi- 
neering organizations,  and  some  of  them  function  well,  and  we  all  have 
had  brought  before  us  in  the  last  year  or  more  the  spectacle  which  my 
friend  from  Washington,  Mr.  Ralston,  gave  to  you  this  morning. 

There  is  an  association  known  as  the  American  Association  of 
Engineers.  We  are  of  many  minds  concerning  that  Association,  but  the 
one  thing  about  it  which  attracts  members  to  it  is  the  fact  that  it  is 
difl'erent  from  anything  else.  Whether  or  not  that  difference  is  com- 
mendable I  do  not  care  to  state.  You  have  your  own  ideas  on  the  sub- 
ject: but  having  been  the  titular  head  of  an  association  of  Engineering 
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Societies  for  a  year  I  want  to  bear  testimony  to  the  fact  that  there  is 
one  engineering  organization  in  the  United  Sti^tes  that  can  get  together 
and  pull  together  for  the  main  purpose,  and  they  do  not  take  up  valu- 
able time  quibbling  about  it  either. 

The  Engineering  Societies  of  the  country  want  to  take  their  proper 
part  in  the  public  affairs  of  the  nation.  If  that  means  going  into 
politics,  then  they  want  to  go  into  politics.  Perhaps  they  might  put 
some  sort  of  leaven  in  it  that  might  improve  politics,  and  I  do  not 
know  of  any  function  that  would  be  more  beneficial  to  the  country  than 
the  leavening  of  the  country's  politics. 

Now,  this  report  of  the  Development  Committee,  the  joint  report, 
about  which  you  have  all  read,  has  been  received  with  open  arms  by  the 
outside  members  of  this  Society  all  over  the  country;  they  are  looking 
at  this  meeting  here  today,  and  upon  the  results  of  this  meeting  they 
are  going  to  base  their  future  action.  Whether  or  not  that  is  a  wise 
decision  I  do  not  know,  but  it  is  nevertheless  a  decision;  and  they  are 
not  going  to  hold  their  allegiance  any  longer  to  an  organization  that 
denies  them  the  privilege  and  the  pride  of  citizenship  that  they  want. 
They  want  to  be  a  factor  in  this  coxintry's  affairs.  They  were  a  factor 
in  this  country's  affairs  during  the  war,  and  they  got  used  to  it  and  they 
like  it,  and  they  are  not  going  to  go  back  to  their  old  lair.  I  think  we 
may  as  well  make  up  our  minds  about  that.  And  mind  you,  I  am  merely 
speaking  as  a  reporter. 

I  believe,  candidly,  from  all  the  information  that  I  get,  country-wide, 
that  if  this  Society  does  not  come  out  upon  a  broader  plane,  and  take 
a  stronger  part  in  National  and  State  and  civic  affairs,  and  encourage 
its  members  to  become  factors  in  the  citizenship  of  this  country,  that 
we  will  have  a  sorry  spectacle  so  far  as  this  organization  is  concerned. 

There  are  a  great  many  of  our  members  who  would  like  to  be  loyal 
to  this  organization,  but  they  are  not  going  to  stick  by  it  forever.  Some 
of  them  have  already  gone  over  into  another  organization,  and  have 
divided  their  allegiance.  They  are  not  boosting  for  this  Society, 
but  for  the  other  one.  Now,  that  other  organization  has  many  things 
to  commend  it.  Perhaps  we  may  not  believe  in  its  entire  propaganda, 
but  it  has  opened  a  National  headquarters  to  reach  men  whom  we  have 
never  tried  to  reach,  and  it  has  also  opened  up  a  National  head- 
quarters and  a  focus  for  those  members  of  our  own  organization  who  are 
tired  of  our  inaction. 

In  short,  the  impression  which  I  gather  from  a  pretty  broad  and 
intensive  survey  of  the  country  is  that  this  development  programme  or 
something  very  like  it,  should  be  adopted;  and  moreover,  should  be 
adopted  very  quickly,  because  time  just  now  is  of  the  essence  of  things; 
and  there  is  another  organization  that  is  not  quibbling  at  all. 

Mr.  Whinery. — Mr.  President,  in  view  of  the  fact  which  I  mentioned 
when  I  was  on  my  feet  before,  I  move  a  substitute  for  the  motion  that 
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ia  now  before  this  meeting,  to  this  effect,  that  this  meeting  approve  the 
recommendations  of  the  Board  of  Direction,  and  that  that  course  be 
followed.  I  think  that  that  is  due  not  only  to  proper  parliamentary 
procedure,  but  it  is  due  out  of  respect  to  our  Board  of  Directors.  They 
have,  after  a  careful  study  and  consideration,  got  all  these  reports. 
They  have  mapped  out  a  programme  which  they  think  it  wise  for  this 
Society  to  follow.  The  ground  covers  pretty  nearly  the  same  as  this 
resolution,  as  I  landerstood  it.  I  do  not  object  to  any  kind  of  dis- 
cussion of  the  matter  here  that  may  be  wise  and  proper  and  useful; 
but  it  seems  to  me,  I  repeat,  that  as  a  matter  of  parliamentary  pro- 
cedure and  out  of  respect  to  our  Board  of  Directors,  I  should  make 
this  substitute  motion. 

Mr.  Williams. — Point  of  order. 

The  President, — I  do  not  think 

A  Member, — I  would  like  to  ask  that  each  speaker  when  he  gets  up 
announce  his  name. 

A  Member. — What  is  yours? 

C.  E.  Fowler,  M.  Am,  Soc.  C.  E. — My  name  is  Fowler,  of  New  York. 
I  wanted  to  say  that  many  of  these  gentlemen  getting  up  are  well 
known  in  their  specialties  and  among  their  special  friends,  but  I  had 
to  ask  who  Mr.  Leighton  was.  If  we  had  known  who  Mr.  Leighton  was. 
we  would  probably  have  placed  more 

F.  C,  Noble,  M,  Am.  Soc,  C,  E. — Mr.  President,  I  wish  to  second 
the  motion. 

Gen.  Black Gentlemen,  we  have  heard  a  very  eloquent  and  per- 
suasive address  from  Mr.  Leighton.  On  page  15  of  the  advance  copy 
of  the  report  of  the  Special  Committee  (J.  W.  Alvord,  Chairman), 
near  the  bottom  of  the  page,  is  contained  the  sentiments  of  one  of  the 
members  of  the  Committee  as  to  his  reasons  for  joining  the  Society. 
They  were  also  my  reasons  for  joining  the  Society.  I  believe  that  those 
reasons  still  stand,  that  this  Society  can  make  itself  so  strong  and  so 
necessary  that  no  young  engineer  can  afford  not  to  be  a  member,  and 
no  older  engineer  can  afford  not  to  take  his  part. 

Mr.  Leighton  said  a  very  good  thing  about  the  leaven  needed  in 
American  jwlitics.  There  is  no  question  about  the  individual  duty  of 
the  members;  but  is  that  the  object  of  the  American  Society  of  Civil 
Engineers  ?  Isn't  the  object  more  clearly  and  truly  stated  on  page  15  of 
this  report,  which  you  all  have  ? 

It  is  a  very  dangerous  thing  for  such  a  body  as  the  American  Society 
of  Civil  Engineers  to  attempt  to  get  into  a  large  movement.  Many  of 
us  are  too  busy  to  go  in  and  take  active  part  in  measures  which  we 
might  oppose  or  which  we  might  support,  if  we  knew  about  them.  We 
have  seen  in  our  country  lately  a  law  put  in  the  Constitution  of  the 
United  States  and  our  statute  books,  which  was  carried  through  by 
a  small  organization,  as  I  believe,  contrary  in  its  present  form  to  the 
will  of  the  majority  of  our  people. 


182  REPORT  OF  THE  ANNUAL  MEETING        [Society  Affairs. 

A  Member. — No. 

Gen.  Black. — That  is  your  opinion.  I  think  time  will  show  that 
my  opinion  is  correct.  I  say,  gentlemen,  that  the  law  in  its  present 
form  is  bad,  because  there  is  a  majority  of  the  members  here  today 
who  themselves  will  violate  that  law  whenever  they  get  a  chance. 
A  law  of  that  kind  is  a  bad  law.  The  objects  are  good;  that  is  another 
matter. 

But,  gentlemen,  there  comes  the  danger  of  taking  a  body  of  this 
kind,  organized  for  the  advancement  of  engineering,  for  the  advance- 
ment of  engineering  science,  out  of  its  proper  sphere.  The  mere  fact 
that  as  a  Society  we  do  or  do  not  go  into  these  public  questions  has 
nothing  whatever  to  do  with  our  duty  as  citizens. 

That  the  engineers  of  our  country  should  take  a  greater  part  in  the 
affairs  of  the  country  is  undoubted;  but  should  it  not  be  an  individual 
part?  Is  it  wise  to  change  completely  the  fundamental  ideas  of  the 
Society,  the  promotion  of  engineering  science,  simply  because  in  this 
time  of  change  and  \mrest  the  spirit  of  unrest  passes  through  us  all? 

There  are  many  of  us  today  who  are  for  reform,  who  are  always  for 
reform — right  or  wrong,  for  reform.  I  do  not  think  that  is  a  very 
good  thing.  We  are  trying  all  sorts  of  experiments,  some  good,  many 
bad. 

I  think  some  of  the  propositions  advanced  by  the  Committee  on 
Development  are  most  excellent.  I  believe  that  we  should  affiliate 
more  with  the  other  societies;  that  we  should  do  what  we  can  to 
promote  the  general  welfare  of  engineers;  but  how  we  are  going  to 
go  into  National  questions  I  cannot  quite  see  without  going  outside 
the  objects  for  which  this  Society  was  founded. 

We  can  increase  our  usefulness.  I  doubt  not  at  all  that  the 
proposition  of  making  the  sections  of  the  Society  more  active  and 
permitting  greater  intercourse  with  them  will  inure  to  the  benefit  of 
the  Society.  The  papers  discussed  and  presented  there  will  come  to 
the  Society,  and  after  scrutiny  by  the  proper  Committee  here  add 
immensely  to  the  knowledge  of  engineers  in  general.  But  I  think 
before  going  into  a  generally  stated  proposition  like  this  first  resolu- 
tion we  should  consider  very  carefully  what  it  would  lead  to.  It  may 
lead  to  anything. 

There  have  been  certain  explanations  given,  but  they  do  not  explain 
to  me  yet.  The  statement  is  entirely  too  general.  That  we  should  be 
a  great  force  for  engineering  is  undoubted.  Everybody  will  assent 
to  that.  How  is  that  force  to  be  exerted  ?  That  is  not  explained.  I  am 
afraid  of  a  general  resolution  of  that  kind,  because  it  can  be  taken 
advantage  of,  and  under  the  guise  of  authority  be  used  for  purposes 
that  the  Society  would  not  intend  at  all. 

Doubtless  reform  is  needed.  Doubtless  we  could  do  things,  but  let 
us  be  careful   in  making  our  statements  in   a  general  meeting.     We 
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really  get  together  once  a  year.  Let  us  be  careful  to  define  clearly  the 
proposition  and  see  what  we  want  to  do,  and  what  we  do  not  want  to 
do;  and  I  think  whatever  we  do  we  must  not  get  away  from  the  aim  of 
the  Society  as  stated  here  by  a  member  on  page  15,  already  referred  to. 

Mr.  Humphrey. — May  I  just  inform  the  members  that  Gen.  Black, 
when  he  refers  to  page  15,  is  referring  to  the  report  of  the  Special 
Committee  of  the  Board  of  Direction  and  not  to  the  report  of  the 
Development  Committee;  and  I  would  like  to  call  attention  to  the  fact 
that  the  Development  Committee  says  on  page  9  of  its  report  that  the 
American  Society  of  Civil  Engineers  should  continue  to  pursue  the 
objects  for  which  it  was  formed  as  expressed  in  the  Constitution. 
(Quotes.)  Then  it  goes  on  and  recommends  that  the  Society  become 
a  national  force  in  economic,  industrial  and  civic  affairs.  How?  In 
co-operation  with  the  other  engineering  organizations,  which  is  now 
being  done  by  the  machine  set  up  by  the  Board  of  Direction  through 
the  four  Founder  Societies  and  Engineering  Council. 

It  simply  allows  the  members  to  say  whether  that  method  of  pur- 
suing welfare  work,  interest  in  civic  affairs,  shall  be  carried  on  and 
shall  be  approved  by  the  membership.  That  work  was  carried  on 
without  a  referendum  vote.  We  are  asking  for  a  referendum  vote 
to  see  whether  the  members  of  the  Society  feel  that  the  societies  should 
co-operate  along  that  line  in  these  matters. 

It  does  not  mean  that  the  Society  should  participate  as  a  whole  in 
that  work,  but  it  means  that  it  lend  its  support  to  it  through  its 
properly  accredited  representatives. 

A.  S.  Baldwin,  M.  Am.  See.  C.  E. — I  would  like  to  ask,  what  is  the 
status  before  this  meeting  of  this  advance  copy  of  the  report  of  the 
Special  Committee.  It  is  a  report  to  the  Board  of  Direction,  has  just 
been  passed  upon  by  the  Board  of  Direction,  and  is  now  submitted  to 
this  meeting  with  authority  from  the  Board  of  Direction,  or  if  not, 
what  influence  has  this  had  in  the  resolutions  that  have  been  prepared 
and  are  now  before  the  house? 

A  Member. — None. 

Mr.  Hazen. — Could  not  this  question  be  replaced  by  a  statement 
that  the  Society  will  give  a  more  cordial  support  to  Engineering 
Council  in  carrying  out  its  efforts. 

It  seems  to  me  that  that  is  what  it  means,  and  a  straight  statement 
to  that  effect  would  be  better  and  would  have  the  support  of  the 
members. 

Mr.  Humphreys. — I  would  like  to  reply  to  Gen.  Black  particularly. 
First,  though,  I  will  agree  with  him.  I  do  think  in  a  matter  of  this 
kind  we  must  recognize  that  at  present  in  the  United  States  there  is 
a  passion  for  reform,  reform  of  most  anything,  and  without  due  con- 
sideration. That  is  what  I  have  been  pointing  out,  that  whatever  we 
do,  we  should  do  it  carefully,  though  not  slowly. 
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I  agree  with  this  first  resolution,  or  question,  offered  by  Mr. 
Humphrey,  though  he  may  not  have  thought  so.  I  absolutely  disagree, 
as  I  understand  Gen.  Black,  that  we  should  confine  ourselves  as 
engineers,  and  as  organized  engineers,  simply  to  technical  matters, 
though  it  is  pretty  hard  to  draw  the  line.  For  instance;  if  you  stop 
to  consider,  gentlemen,  where  is  the  line  to  be  drawn  between  engineer- 
ing and  many  other  of  the  activities  of  the  United  States  ?  There  are 
many  public  questions  which  come  up,  in  which  it  is  eminently  the 
duty  of  the  organized  engineers  in  this  country  to  have  their  say,  to 
guide  the  country  aright ;  and  I  do  not  propose  to  be  misunderstood,  or 
as  standing  in  the  way  of  proper  reform — what  little  standing  in  the 
way  I  could  do. 

Mr.  Hazen  has  pointed  out  one  activity  that  is  now  in  existence. 
I  take  this  occasion  to  say  a  word  in  regard  to  the  Engineering 
Council,  as  I  am  one  of  this  Society's  representatives  thereon.  I  under- 
stood last  night,  at  the  dinner  of  the  Officers,  that  the  Council  did  not 
make  the  progress  that  I  had  hoped  it  would  make.  Was  rapid 
progress  to  be  expected  when  we  had  to  bring  in  four  Societies,  the 
Founder  Societies,  having  radically  different  ideas  on  some  subjects? 
Yet  we  did  thresh  out  some  subjects  and  bring  ourselves  into  line. 

We  found  in  one  Society  that  the  representatives  were  not  in 
accord  with  their  own  Board,  but  came  into  accord  with  us  and  the 
other  three.  JSTow,  great  progress  had  been  made  in  the  last  year  or  so 
in  the  Council;  and  I  believe  that  the  best  way  to  bring  about  the 
results,  as  far  as  I  am  now  talking  with  regard  to  public  affairs  con- 
nected with  engineering  topics,  is  through  Engineering  Council. 

In  other  words,  we  have  got  the  agency,  and  let  us  develop  it.  Now, 
you  cannot  develop  it  unless  you  give  it  more  support,  and  you  have 
got  to  give  it  more  money.  As  I  said  last  night,  one  member  of  this 
Board  put  up  $25  000  to  enable  us  to  go  ahead  with  the  work — paid  it 
out  of  his  own  pocket.  We  do  not  want  to  be  dependent  upon  any  one 
man ;  and  if  I  have  my  way  all  that  money  will  be  returned  to  him,  and 
then  we  will  get  the  money  from  the  organization.  To  that  end  we 
are  to  have  a  meeting  on  January  23rd,  the  Boards  of  the  four  Societies 
will  meet  with  Engineering  Council,  to  see  what  can  be  done. 

One  word  more  that  is  practically  repetition.  I  am,  and  have  been 
for  many  years — probably  long  before  many  of  the  men  who  are  now 
talking  in  favor  of  it — in  favor  of  bringing  the  Engineering  Societies, 
and  engineers  generally,  into  the  public  affairs  of  the  United  States, 
so  that  the  country  should  be  prevented  from  making  the  asinine 
moves  that  it  has  made,  because  it  did  not  understand  Engineering. 

William  H.  Bixby,  M.  Am,  Soc.  C.  E. — I  wish  to  ask  a  question 
for  information.  In  the  Special  Committee's  report,  on  page  2,  it  says 
that  the  report  of  the  Committee  on  Development  contains  four  issues, 
which  are  believed  to  be  most  vital.    The  second  of  these  refers  to  the 
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formation  of  a  new  National  organization,  while  the  third  raises  the 
point  whether  it  is  well  to  develop  the  Engineering  Council.  On  page  3 
of  the  report  it  says  that  it  recommends  full  discussion  and  the  sub- 
mission of  four  questions  to  the  membership. 

The  point  in  my  mind  is  whether  the  questionnaire  that  has  been 
referred  to  in  the  resolution  now  before  the  meeting  contains  those 
four  issues  recommended  to  be  submitted  to  the  membership  of  the 
Society,  or  whether  they  substitute  something  else  for  it.  I  would 
like  to  know.    I  think  that  is  quite  important. 

The  President. — I  cannot  answer  that,  but  I  think  the  .  only 
question  that  is  really  before  us  now  is  not  the  question  of  anything 
else  except  this  one  questionnaire.  It  seems  to  me  that  anything  that 
is  pertinent  to  that  we  can  discuss  here  now.  The  other  matter  can 
be  taken  up  later  so  far  as  the  report  of  this  Special  Committee  or  any 
other  matters  pertaining  to  development  is  concerned;  but  I  think 
really  the  question  before  us  now  is  the  first  question. 

Mr.  Whinery. — May  I  not  ask  for  consideration  of  the  motion 
offered  by  me  ? 

The  President. — I  am  going  to  go  to  the  limit  so  as  to  give  every- 
body an  opportunity.  I  think  before  I  could  consider  the  motion  that 
you  made  we  must  do  away  with  this  first  question;  and  if  a  point  of 
order  is  not  raised  and  carried,  I  will  give  you  an  opportunity  after 
that  is  considered  to  introduce  it,  if  I  am  allowed  to  do  it,  but  I  cannot 
do  it  until  this  question  is  disposed  of. 

Mr.  Whinery. — Without  undertaking  to  differ  with  the  presiding 
officer,  for  whose  judgment  I  have  the  greatest  respect,  it  seems  to  me 
that  the  motion  that  I  have  made  is  not  only  in  order  but  takes  pre- 
cedence of  the  motion  that  you  speak  of.  This  is  the  first  article  in 
this  resolution.  It  is  a  motion  to  substitute  which  takes  precedence 
of  the  motion  preceding  it. 

The  President. — Then  your  motion  is  to  substitute  that  for  this. 
Is  that  a  substitution  of  the  motion  that  was  made  to  take  this  up  ? 

Mr.  Whinery. — Precisely. 

Mr.  Humphrey. — I  would  like  to  raise  a  point  of  order  on  that. 
It  seems  to  me  that  the  offer  of  a  substitute  motion  would  have  been 
in  order  when  the  original  resolutions  were  offered,  but  the  proposal 
was  made  that  we  should  take  this  up  item  by  item.  Therefore,  the 
motion  is  not  in  order.  Does  the  gentleman  want  to  substitute  for  the 
resolution  the  Board  Committee's  Question  No.  1,  or  what  does  he  want 
to  do  ?  Now,  when  we  come  to  go  through  this  resolution  if  he  wants  to 
offer  a  motion  of  substitution,  I  think  he  would  be  in  order. 

The  President. — I  think,  Mr.  Humphrey,  that  we  agreed,  and  it 
was  so  voted,  that  we  should  take  up  this  first  question.  Now,  if  there 
is  anything  that  pertains  to  this  same  subject  after  that  question  is 
disposed  of,  I  think  it  can  be  introduced  before  we  take  up  the  second. 
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If  I  am  overruled  that  is  all  right.  As  I  say,  I  am  going  to  give  all 
the  liberty  I  can. 

Mr.  Whinery. — After  we  passed  the  resolution  that  the  considera- 
tion of  this  whole  question  be  taken  up  at  2.30  o'clock,  which  we  are 
proceeding  to  do,  and  argue  it,  it  is  perfectly  practicable,  not  only 
from  the  standpoint  of  reason,  but  parliamentary  law,  to  amend  even 
that  motion  within  the  action  taken  then.  I  am  not  opposed  to  this 
discussion ;  I  am  anxious  to  hear  it ;  but  it  seems  to  me  that  having  a 
Board  of  Direction  in  whom  the  American  Society  of  Civil  Engineers 
has  confidence,  that  Board  of  Direction  having  proposed  a  programme 
and  recommended  a  plan  to  be  operated  by  the  Society  in  considering 
this  question,  out  of  respect  alone,  if  for  no  other  reason,  we  ought 
not  to  allow  some  other  plan  to  be  substituted  here  in  place  of  it. 

The  President. — Is  that  motion  seconded? 

A  Member. — Yes;  I  second  it. 

The  President. — I  am  going  to  leave  it  to  the  members.  The 
question  is  on  an  amendment,  as  I  understand,  or  a  substitution,  is  it 
not,  Mr.  Whinery? 

Mr.  Whinery. — A  substitution. 

The  President. — A  substitution  of  this  first  motion  that  we  do 
what?    I  shall  have  to  ask  you  just  exactly  what  that  motion  was. 

Mr.  Whinery. — That  this  meeting  approves  the  report  of  the  plan 
for  conducting  this  matter  proposed  by  the  Board  of  Direction  of  the 
Society,  and  read  in  the  report  this  morning. 

The  President. — You  mean  the  questions  that  were  presented 
through  the  Board  to  this  meeting? 

Mr.  Whinery. — Precisely;  the  Board  of  Direction  recommended 
this  morning  a  particular  course  which  this  matter  should  take.  They 
recommended  that  it  would  be  desirable  that  a  set  of  questionnaires 
be  sent  out  very  similar  to  these  before  us;  and  I  have  no  objection 
to  these  whatever.  All  that  I  ask  is  that  we  follow  the  suggestions  of 
the  Board  of  Direction  rather  than  that  of  any  number  of  members 
who  may  be  present  at  this  meeting. 

Mr.  Hansel. — Mr.  President,  I  do  not  understand  that  we  have 
adopted  the  report  of  the  Board  of  Direction. 

The  President. — It  was  presented  this  morning. 

Mr.  Hansel. — I  do  not  understand  that  it  stands  before  this  Society 
in  any  other  shape  than  that  of  any  other  Committee  of  this  Board, 
namely,  the  Committee  on  Development.  If  I  am  in  error  I  hope  you 
will  advise  me. 

The  President. — I  think  the  report  was  presented  this  morning. 
The  question  is  on  the  amendment. 

Mr.  Davis. — In  order  to  clear  up  what  the  gentleman  is  talking 
about,  I  would  like  to  read  the  resolution  as  it  was  read  this  morning. 
I  shall  not  read  the  preamble. 
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"Be  it  Resolved:  That  the  Board  of  Direction  recommends  to  the 
incoming  Board  of  Direction  that  a  Committee  of  seven  be  appointed 
to  prepare  and  submit  to  the  membership  forthvpith  necessary  ques- 
tionnaire or  questionnaires.     .      .      ." 

(Reads  remainder  of  resolution  read  at  the  morning  session.) 

The  Board  of  Direction  is  expected  to  have  a  meeting  today,  and 
the  Committee  of  three  appointed  by  the  old  Board  to  make  nomina- 
tions to  the  Committee  of  seven,  makes  those  nominations  as  follows : 

A.  ISr.  Talbot,  Chairman;  Leonard  Metcalf ;  M.  S.  Ketchum;  Harry 
Hawgood;  J.  C.  Hoyt;  H.  S.  Crocker;  C.  E.  Elwell. 

(Later  the  name  of  R.  A.  Cummings  vs^as  substituted  for  that  of 
H.  S.  Crocker,  at  the  request  of  the  latter  that  his  name  be  not  con- 
sidered.) 

You  see  that  is  a  Committee  ideally  representative  of  the  country 
and  contains  the  names  of  gentlemen  residing  as  far  east  as  Boston, 
and  as  far  west  as  the  city  of  Denver.  It  is  as  representative  a  Com- 
mittee as  it  was  practicable  to  obtain.  The  three  members  nominating 
this  Committee  were  all  members  of  the  incoming  as  well  as  the  out- 
going Board  of  Direction,  and  the  whole  object  of  this  is  to  expedite 
action. 

This  was  done  also  upon  the  theory  that  a  questionnaire  in  detail 
could  not  be  as  wisely  worded  by  a  meeting  that  has  as  much  business 
before  it  as  this  meeting  has,  with  only  a  few  moments  of  general  dis- 
cussion without  even  a  printed  copy  of  the  question  before  it,  as  well 
as  it  could  be  by  a  thoroughly  representative  Committee  like  this. 

As  one  gentleman  has  said,  the  wording  of  that  questionnaire  is 
extremely  important;  and  to  the  most  of  the  questions  formulated  in 
the  resolution  that  is  before  you,  I  have  no  objection,  but  to  two  of 
them  I  have  objection  because  I  think  they  will  be  differently  inter- 
preted, and  if  the  matter  goes  on  to  debate  on  these  individual  ques- 
tions, I  will  point  them  out.  But  the  theoiy  was  that  this  action  is  not 
a  recommendation  to  this  meeting,  because  this  meeting  is  expected 
to  make  such  recommendation  as  it  chooses  to  the  Board  of  Direction. 

Now,  if  you  debate  that  questionnaire  without  any  authority  to 
modify  it,  that,  of  course,  will  go  out,  if  this  Committee  sends  it  out; 
and  probably  this  Committee  will  function  in  that  way.  Somebody 
has  to  do  it,  and  as  I  understand  the  resolution,  it  would  not  prevent 
the  Committee  from  still  functioning;  but  you  would  have  to  debate 
the  question,  and  give  out  other  questions,  which  would  not  have 
the  authority  of  the  Annual  Meeting  back  of  them.  I  have  no  objection 
to  this  except  in  one  respect:  There  might  be  ambiguities.  I  do  not 
believe  there  are  a  dozen  people  that  have  read  these  questions ;  probably 
not  1%  of  this  meeting  will  have  an  opportunity  to  read  these  questions. 
They  hear  them  read  from  the  stage.     They  misunderstand  or  mis- 
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interpret  something,  and  there  is  danger  that  there  will  be  ambiguity 
getting  in,  as  I  know  there  would  be  under  some  circumstances. 

We  may  be  able  to  remedy  that;  but  I  think  it  is  imwise  for  this 
meeting  to  fix  the  form  of  these  questions — recognizing  the  fact,  as 
Mr.  Leighton  has  stated,  that  this  meeting  is  more  representative  of 
District  No.  1  than  of  all  of  the  rest  of  the  country.  If  these  seven 
gentlemen,  who  have  not  yet  been  appointed  on  this  proposed  Com- 
mittee, be  appointed,  I  know  of  no  body  that  is  more  representative  of 
the  engineers  of  this  Society  than  this,  because  they  are  men  who  have 
been  elected  for  that  purpose. 

The  next  question  is :  Do  you  want  to  tie  the  hands  of  the  new  Board 
of  Direction,  who  have  not  yet  been  tried,  and  to  whom  it  is,  to  say  the 
very  least,  discouraging  if  not  discourteous  to  pass  a  resolution  of 
want  of  confidence  before  it  is  even  organized?  Do  you  want  to  do 
that? 

I  said  from  the  platform  today  that  I  am  a  progressive,  and  I  am 
just  as  progressive  as  anybody  who  is  here,  I  believe,  according  to  my 
own  definition.  I  want  to  point  out  the  fact  that  the  Chairman  of 
this  proposed  Committee  is,  in  my  belief,  just  as  progressive  as  anybody, 
and  that  he  has  the  confidence  of  this  Society  and  of  the  country  at 
large,  just  as  widely  as  any  man  in  this  Society  has  that  confidence, 
and  that  you  cannot  railroad  anything  over. 

I  want  to  point  out  the  other  fact  that  Mr.  John  C.  Hoyt,  of  Wash- 
ington, is  to  be  a  member  of  the  proposed  Committee,  and  is  just  as 
radical  as  Mr.  Humphrey,  and  carries  on  his  shoulder  a  chip  not  quite 
so  large. 

Mr.  Humphreys. — Mr.  President,  may  I  ask  for  information  if  Mr. 
Whinery's  substitute  motion  should  pass.  Where  are  we  at  ?  What  will 
then  be  before  the  House  ? 

The  President. — Well,  that  is  what  I  have  been  trying  to  learn 
myself. 

Mr.  Humphreys. — I  think  it  is  vitally  necessary  that  we  should 
know — particularly  in  view  of  the  purport  of  the  remarks  made  by 
the  incoming  President,  which  I  think  should  be  given  the  most  care- 
ful consideration. 

The  President. — It  was  rather  indefinite.  I  was  trying  to  find  out, 
and  to  see  if  I  could  verify  in  my  own  mind  what  he  was  getting  at.  We 
have  presented  here  today,  of  course,  the  action  of  the  Board  of  Direc- 
tion, and  I  think  Mr.  Davis  has  well  explained  what  the  Board  has  pro- 
posed to  do.  But  the  Board  also  approved  of  certain  questionnaires 
to  be  sent  out  and  authorized  them  to  be  presented  at  this  meeting  to 
get  its  consent. 

Mr.  Humphreys. — I  suggest,  Mr.  President,  that  Mr.  Whinery  be 
asked  to  tell  us  what  he  thinks  would  be  the  order  of  business  if  his 
motion  passed. 
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Mr.  Whinery As  I  have  said,  I  think  there  is  no  objection  to  the 

fullest  discussion  of  this  whole  matter  here,  including  this  very  set  of 
resolutions  that  have  been  offered.  I  want  to  hear  what  others  have 
to  say.  My  point  is  that  a  plan  has  been  outlined  and  prepared  by 
our  Board  of  Direction  for  dealing  with  this  question  and  it  would  be 
disrespectful  and  unparliamentary  to  adopt  something  different  from 
that.  I  have  no  objection  to  discussion.  I  am  not  trying  to  cut  off  dis- 
cussion of  this  matter  here  or  the  expression  of  opinion  of  this  body 
as  to  any  of  these  things  here;  but  I  am  simply  insisting  that  we  pay 
the  respect  to  our  Board  of  Direction  that  belongs  to  it. 

The  President. — I  think  the  members  would  like  to  know  something 
definite,  if  you  will  include  something  definite  in  your  motion  so  that 
we  can  understand  just  what  it  is.     I  think  that  is  very  important. 

L.  L.  Tribus,  M.  Am.  Soc.  C.  E. — Mr.  Whinery's  resolution  is  a 
very  proper  resolution,  as  a  substitute,  to  adopt  the  recommendations  of 
the  Board  of  Direction.  Among  those  recommendations  is  the  request 
that  this  meeting  offer  suggestions  to  such  Committee  as  may  be 
appointed  to  formulate  the  questionnaire. 

If  we  pass  this  resolution  that  Mr.  Whinery  offers,  it  simply 
carries  out  just  what  this  meeting  wants  to  carry  out.  After  passing 
it,  we  are  ready  to  take  up  the  set  of  resolutions.  Those  resolutions 
would  then  be,  if  we  modify  the  verbiage,  simply  suggestions  to  the 
new  Committee  of  the  Board,  to  be  included,  not  exclusively,  in  the 
questionnaire — a  perfectly  logical  thing  to  do,  a  perfectly  simple  thing 
to  do. 

The  Secretary. — May  I  say  a  word?  I  want  to  correct  the  impres- 
sion that  I  derive  from  what  the  speaker  said  a  moment  ago,  that  the 
Board  of  Direction  have  recommended  certain  questions  to  be  sent 
out.  That  is  not  true.  The  Board  of  Direction  formulated  certain 
questions,  and  brings  them  to  the  attention  of  this  meeting  for  discus- 
sion, with  the  end  ultimately  in  view  that  they  shall  be  sent  out  accord- 
ing to  the  suggestions  of  this  meeting.  The  Board  has  not  recom- 
mended any  of  these. 

Mr.  Williams. — Mr.  Chairman,  I  do  not  understand  the  situation 
to  be  as  indicated  by  the  preceding  speaker,  nor  exactly  as  indicated  by 
the  Secretary.  It  is  possible  that  he  is  right,  probable  that  he  is;  but, 
as  I  see  it,  the  Board  of  Direction  has  passed  some  resolutions.  It  has 
passed  them,  and  this  meeting  has  nothing  to  do  with  them.  It  has 
perfect  authority  to  pass  a  resolution,  and  it  does  not  come  here  and  ask 
us  to  approve  it.  It  informed  us  of  what  it  had  done — appointed  a  Com- 
mittee to  see  to  sending  out  whatever  this  meeting  proiwsed  should  be 
sent  out — and  in  practical  conformity  a  motion  is  made  to  send  out  cer- 
tain questions,  and  we  are  trying  to  consider  whether  these  are  what  we 
want  sent  out.  The  question  is  perfectly  clear,  either  we  do  or  we 
do  not. 
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If  we  do,  let  us  say  that  we  do,  and  the  Board  sends  them  out. 
It  is  not  prohibited  from  sending  out  other  questions.  If  we  do  not 
want  a  certain  question  sent  out,  let  us  say  so,  and  if  the  Board  thinks 
it  really  ought  to  be  sent  out,  I  think  it  has  the  authority  to  send  it  out. 

Something  has  been  said  here  about  the  standing  of  questions  which 
might  be  promulgated  by  the  Board  of  Direction,  as  compared  with 
questions  that  might  be  promulgated  by  some  other  people.  I  want  to 
read  a  statement  from  the  published  report  which  is  placed  in  our 
hands  by  the  Special  Committee  of  five  members  of  the  Board  of 
Direction.    It  appears  at  the  top  of  page  4  of  that  printed  report. 

"In  general,  its  recommendations  resolve  themselves  into  two 
classes:  1st. — Fundamental  changes  in  our  Constitution  to  further  the 
creation  of  a  new  organization  for  co-operative  work  with  other  Affili- 
ated Societies,  and  for  professional  and  public  welfare." 

I  want  to  say,  gentlemen,  that  that  is  absolutely  false.  The  Board 
of  Direction  is  amply  qualified  to  enter  upon  the  programme  for 
co-operative  work  which  is  laid  down  by  the  Development  Committee, 
without  dotting  an  "i"  or  crossing  a  "t"  in  the  Constitution;  and 
when  that  Committee  wrote  that,  they  showed  they  had  not  given  to 
the  report  nor  to  the  Constitution  the  study  which  they  should  have 
given,  before  they  ventured  to  advise  the  Society  as  to  what  the  report 
of  the  Development  Committee  meant. 

I  think  that  those  who  were  on  that  Development  Committee  and 
who  labored  weeks  where  the  Board  has  labored  hours,  are  better 
qualified  to  say  what  questions  should  be  sent  out  to  the  membership 
of  this  Society  to  elicit  from  them  an  answer  as  to  their  sentiments 
on  those  questions  than  are  the  members  of  the  Board  of  Direction 
who  have  just  come  in,  and  who  will  sit  down  this  afternoon  and 
prepare  a  questionnaire. 

F.  C.  Shenehon,  M.  Am.  Soc.  C.  E. — I  have  had  placed  in  my 
hands  the  report  of  what  is  known  as  the  "Alvord  Committee",  a  com- 
mittee of  the  Board  of  Direction.  The  conclusions  reached  by  that 
Committee  are  widely  different  from  the  conclusions  reached  by  the 
Development  Committee.  Now,  I  would  ask  a  question:  If  the  series 
of  questions,  the  questionnaire  presented  by  Mr.  Humphrey,  is  adopted 
by  this  meeting,  does  the  report  of  the  Alvord  Committee  have  any 
standing  whatever  in  this  meeting,  or  is  it  simply  killed  unheard? 
That  is  the  question  that  is  in  my  mind. 

It  appears  to  me,  if  we  are  going  to  have  confidence  in  the  incoming 
Board  of  Direction,  it  would  be  very  proper  to  settle  the  question  by 
having  a  little  confidence  in  the  outgoing  Board  of  Direction,  and 
here  is  the  Alvord  report,  which  appears  to  be  sidetracked  as  near 
as  I  can  make  out,  and  a  new  set  of  questions  prepared  which  absolutely 
ignores  that  report. 
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Mr.  Chester.— I  want  to  correct  a  statement  by  Mr.  Davis  whicli 
seems  to  reflect  upon  the  origin  of  these  questions,  Mr.  Humphrey 
and  Mr.  Hoyt  have  been  factors  in  their  preparation.  They  are  the 
product  of  a  joint  meeting  of  the  representatives  of  a  large  number 
of  the  Sections  of  this  Society,  duly  appointed  to  meet  for  that  pur- 
pose, and  to  coin  something  that  should  be  brought  before  this  meeting 
as  a  recommendation ;  and  those  questions,  as  they  finally  appear,  were 
unanimously  adopted.  I  speak  for  Pittsburgh  where  there  are  192 
members. 

I  was  duly  appointed  as  a  representative,  one  of  four  representatives 
of  that  Section;  and  this  is  not  the  result  of  radical  action,  a  radical 
result,  as  Mr.  Davis  has  said;  and  it  is  not  because  of  any  pique  or 
anything  on  that  order.  All  Mr.  Humphrey  or  Mr.  Hoyt  did  was  well 
matured,  well  thought  out,  carefully  considered,  and  finally  adopted 
in  the  way  outlined. 

Leonard  Metcalf,  M.  Am.  Soc.  C.  E. — Mr.  President,  is  it  not  a 
fact  that  the  motion  of  MJr.  Whinery  would  accomplish  this  result — 
that  it  would  approve  the  suggestion  of  the  resolution  already  passed 
by  the  Board  of  Direction  that  there  should  be  sent  out  to  the  member- 
ship of  this  Society  not  only  the  series  of  questions  upon  which  we 
are  now  passing,  prepared  by  the  members  or  the  various  organizations 
in  co-operation  with  the  Development  Committee,  but  also  the  ques- 
tions prepared  by  the  Special  Committee,  or  "Alvord  Committee"  of 
the  Board  of  Direction,  and  also  any  other  questions  that  might  appear 
to  be  necessary  to  make  clear  the  purpose  of  the  questions  submitted 
by  either  of  those  organizations  or  submitted  by  the  Development 
■Committee  ? 

I  assume  that  the  sentiment  of  this  meeting  and  of  the  Society 
.generally  is  in  favor  of  progress,  the  progressive  movement.  There 
may  be  a  difference  of  opinion  as  to  the  extent  to  which  we  should 
throw  overboard  old  meetings,  old  organizations,  and  build  up  new 
•  ones.  It  seemed  to  the  members  of  the  Board  that  in  so  important  a 
matter  as  this  the  questions  should  be  put  before  the  membership 
clearly  in  their  alternate  form. 

Now,  if  I  understand  the  questions  which  have  been  presented  for 
discussion  this  afternoon,  there  is  one  among  them  with  regard  to 
the  formation  of  a  society  for  carrying  on  the  welfare  work.  There 
are  many,  on  the  other  hand,  who  feel  that  it  would  be  desirable,  as 
the  Special  Committee  has  pointed  out  as  one  of  the  alternatives,  to 
broaden  the  scope  of  the  work  of  Engineering  Council,  believing 
that  a  modified  form  of  the  Council,  a  broadened  form,  would  get 
together  more  quickly,  would  function  more  effectively,  than  a  new 
organization,  when  you  consider  that  time  is  required  to  build  up  any 
■  effective  organization  of  that  sort. 
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It  had  seemed  to  the  Board,  and  it  seemed  to  me  personally,  desir- 
able that  questions  of  that  sort,  and  I  select  that  merely  as  an  example, 
should  be  submitted  in  their  alternate  forms  to  the  members  for 
adoption. 

For  the  rest,  the  resolution  of  the  Board  merely  has  to  do  with  the 
machinery  necessary  to  get  these  questions  before  the  membership  at 
the  earliest  possible  moment.  If  you  do  not  like  the  Committee,  it  is 
perfectly  possible  for  you  to  say  so,  and  suggest  the  appointment  of 
another  committee;  but  it  does  seem  to  me  that  in  a  matter  which  is 
going  so  vitally  to  affect  the  future  of  this  organization  that  we  ought 
to  have  clearly  before  us  the  alternatives  which  are  open. 

Mr.  Humphrey. — I  had  not  expected  to  say  anything  about  the 
"Alvord  Committee"  Report.  I  did  not  believe  that  it  was  before  this 
meeting,  but  I  must  say  that  I  have  carefully  read  the  Alvord  report, 
and  there  is  hardly  a  paragraph  that  does  fair  justice  to  the  report  of 
the  Committee  on  Development. 

I  call  attention  to  one  thing:  In  commenting  upon  the  budget  of 
the  cost  of  carrying  out  these  activities,  it  says  by  inference  that  the 
Development  Committee  recommended  the  abolition  of  the  excess  dues 
of  $10  paid  by  those  resident  in  District  No.  1,  and  there  is  added, 
therefore,  $15  000  to  the  budget  for  the  Development  Committee,  mak- 
ing a  total  of  $42  580. 

They  recommend  four  questions.  Three  of  these  relate  practically 
to  the  external  organization;  similarly  to  Engineering  Council.  The 
other  calls  for  the  raising  of  the  dues  by  not  more  than  $10.  The 
inference  would  be  that  to  carry  out  the  recommendations  under  the 
budget,  this  plan,  as  recommended  by  the  Development  Committee, 
would  involve  $42  580 ;  and  to  carry  out  their  entire  project  would 
take  $85  900. 

As  a  matter  of  fact,  if  the  report  of  the  Development  Committee 
were  adopted  only  so  far  as  it  related  to  external  relations,  the  recom- 
mendation of  that  Committee  is  that  it  will  cost  $8  500;  and  there  is 
not  a  single  line  that  intimates  that  the  dues  of  the  New  York  members 
should  be  reduced. 

Throughout  it  makes  statements  that  are  not  fair.  The  second 
question  says,  "If  so,  shall  it  assent  to  the  formation  of  a  new  and 
somewhat  unrestricted  organization  .  .  .?"  I  say  that  questions  of 
that  kind  should  not  have  been  inserted  in  the  report,  under  the  cir- 
cumstances. 

Now,  all  we  are  asking,  Mr.  President,  is  not  that  the  Board  of 
Direction  shall  be  suppressed,  and  shall  not  send  out  a  questionnaire; 
but  we  have  an  idea  that  the  Annual  Meeting  should  be  something 
more  than  a  rubber  stamp;  we  have  met  here,  as  Corporate  Members, 
in  the  past,  and  simply  approved  what  is  being  done.  The  members  of 
this  Society  who  attend  the  Annual  Meeting  are  quite  as  competent 
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as  the  members  of  the  Board  of  Direction  to  express  an  opinion  and 
those  questions  that  are  submitted  are  clear-cut.  If  there  are  am- 
biguities in  them,  Mr.  Davis  can  point  them  out,  as  they  are  taken  up. 

The  local  associations  in  this  country  are  needed.  Outside  of 
Districts  1,  2  and  3 — No.  1  has  no  New  York  section — there  are 
sections  in  every  district  in  the  country.  May  I  call  your  attention 
to  the  fact  that  it  has  been  said  that  the  local  sections  in  this  country 
only  represent  one-sixth  of  the  membership.  Now,  as  a  matter  of  fact, 
if  any  one  wants  to  study  the  real  figures,  taking  Corporate  Members 
of  this  Society  who  have  the  right  to  vote,  you  will  find  that  there 
are  7 100  members — subtracting  the  number  who  live  outside  the 
United  States — there  are  7  100  members  in  the  United  States.  There 
are  in  the  local  sections  today  nearly  2  500  members.  Now,  the  rela- 
tion of  25  to  71  is  not  one-sixth;  it  is  about  one-third. 

I  would  say  furthermore,  Mr.  President,  that  the  men  who  reside 
in  the  local  sections  are  nearly  50%  of  those  who  dwell  in  the  greater 
cities,  where  they  have  local  sections;  and  the  men  who  are  not  in 
that  group  are  men  who  are  so  scattered  that  they  have  not  been  active 
in  the  affairs  of  the  Society. 

Outside  of  the  New  England  States  and  New  York,  local  associa- 
tions throughout  the  country  for  the  past  year  have  been  debating  these 
questions,  and  the  questions  in  that  resolution  no  more  reflect  new 
matter  than  anything  that  is  stated  in  the  annual  presentation  of  the 
Board  of  Direction. 

They  are  the  facts,  the  crystallized  facts;  and  why  should  not  the 
Annual  Meeting  have  the  privilege  of  asking  the  Board  of  Direction 
to  send  out  those  questions?  Why  should  we  be  suppressed?  It  has 
been  that  attitude  that  no  one  can  put  anything  through,  that  the 
Board  of  Direction  must  do  it,  that  causes  dissatisfaction. 

Now,  for  the  past  ten  years  the  Society  has  done  very  little,  and 
there  are  a  great  many  loyal  members  of  this  Society  who  think  that 
the  time  has  come  to  do  something;  and  I  hope  the  Annual  Meeting 
will  pass  the  resolution  with  a  word  to  our  Board  of  Direction  that 
we  here  at  this  Annual  Meeting  believe  in  these  fundamentals  and 
that  these  questions  should  go  out  to  the  membership. 

S.  N.  Castle,  M.  Am.  Soc.  C.  E. — I  have  listened  today  with  a  great 
deal  of  interest  to  the  varying  opinions  expressed  by  the  members  here. 
It  has  seemed  to  me  that  the  fundamental  issues  have  been  entirely 
obscured,  and  I  am  not  sure  that  some  of  them  have  not  been  purposely 
obscured. 

The  fundamental  question  before  the  Society  is  whether  the  Society 
exists  for  the  benefit  of  the  members,  or  whether  the  members  exist 
for  the  benefit  of  the  Society?  And  in  view  of  the  statements  made 
here  today,  I  am  rather  inclined  to  ask,  for  the  benefit  of  a  few  in 
control  of  the  machinery?     That  is  a  bold  and  bald  statement,  but  I 
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want  to  say  that  the  members  are  the  ones  that  ought  to  be  considered 
in  any  action  which  concerns  the  interest  of  the  Society  as  a  whole. 

Question  1  concerns  the  adoption  of  the  principle  of  becoming  an 
active  National  force  in  economic,  industrial  and  civic  affairs.  I  at- 
tended the  meeting  of  the  Society  on  December  3d,  1919,  at  which  the 
Committee's  report  was  presented.  I  was  rather  astonished  at  the 
statements  made  throughout.  It  seemed  to  me  that  the  membership 
failed  to  perceive  that  our  civilization  today  is  industrial;  that  all  the 
elements  which  go  to  make  up  the  problems  of  production  of  goods,  in 
which  Civil  Engineers  have  just  as  vital  a  part  as  the  Mechanical  or 
Electrical  Engineers,  was  a  point  which  should  be  considered  by  this 
Society.  The  human  element  in  industry,  that  is  to  say,  the  questions 
of  human  engineering,  are  just  as  important  a  part  in  the  production 
of  goods  as  the  material  element  of  engineering. 

The  statement  was  made  at  that  meeting  that  the  American  Society 
of  Civil  Engineers  was  interested  only  in  the  details  of  the  scientific 
specialties  which  they  represent,  but  that  the  human  element  was 
entirely  beyond  its  scope.  Gentlemen,  I  disagree.  If  we  are  to  become 
a  live,  vital  factor  in  the  history  of  the  nation,  we  must  take  into 
consideration  the  human  element,  the  human  factors;  on  the  well-being 
of  the  workman's  industry  depends  the  value  of  the  nation.  By  that  I 
mean  that  only  in  so  far  as  each  individual  worker  progresses  in  physical 
well-being,  in  educational  and  moral  qualifications,  does  he  become  an 
asset  to  the  nation  as  a  whole. 

Mention  has  been  made  of  the  "Alvord  Committee"  report,  Mr. 
President.  If  I  had  a  hat  on  I  would  like  to  take  my  hat  off  to  those 
who  conceived  it.  It  is  an  extremely  clever  document,  but  a  careful 
perusal  of  it  leads  me  to  believe  that  it  is  an  effort  to  negative  the 
report  of  the  Development  Committee;  and  it  seems  to  me  that 
inasmuch  as  the  Development  Committee  represents  the  membership, 
whereas  this  report  is  the  report  of  a  committee  of  the  Board  of 
Direction,  when  it  comes  to  the  discussion  before  the  membership  the 
report  of  the  Development  Committee  as  a  whole  should  take  pre- 
cedence. 

Emphasis  is  made  here  on  the  question  of  Engineering  Council. 
Gentlemen,  it  is  a  very  delicate  subject  to  speak  about  in  public,  but 
Engineering  Council  represents  the  official  organization  of  the  Society 
and  does  not  represent  the  rank  and  file  of  the  membership.  An  effort 
is  being  made  here  in  the  Development  Committees  of  the  four 
Founder  Societies,  to  put  forward  some  organization  whereby  the  rank 
and  file  of  the  membership  of  these  societies  can  find  expression.  And 
I  think,  gentlemen,  that  considering  the  substitute  motion  that  Mr. 
Whinery  has  put  forward  here,  you  want  to  bear  in  mind  that  what 
we  are  getting  at  is  to  express  ourselves  as  individual  members,  and 
not  merely  through  the  organization  of  the  Society. 
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W.  J.  Backes,  M.  Am.  Soc.  C.  E — I  would  like  to  take  exception 
to  the  statement  of  Mr.  Humphrey  that  New  England  had  not  given 
this  matter  consideration,  I  would  like  to  say  that  we  have  discussed 
this  matter  and  have  given  it  very  thorough  consideration,  and  that  we 
had  endorsed,  in  general,  the  conclusions  of  the  Committee  on  Develop- 
ment. 

We  all  feel  that  it  is  absolutely  necessary  that  this  Society  recognize 
that  this  crisis  is  the  turning  point  in  its  career,  because  if  we  cannot 
recruit  into  our  organization  the  younger  men,  we  are  going  to  be  lost 
in  ten  years.  It  may  not  show  now,  but  it  is  going  to  show  later;  and 
we  are  making  no  appeal  to  the  young  men  unless  we  can  get  them 
together. 

The  young  man  has  neither  the  time  nor  the  money  to  come  here, 
but  through  the  local  sections  it  will  be  possible  to  get  these  young 
men  together  and  make  our  appeal  to  them  direct.  And  furthermore, 
I  believe  that  an  appeal  should  be  made  to  those  young  men  who  are 
in  our  colleges,  and  a  place  should  be  made  for  them  so  that  they  will 
feel  that  they  are  a  part  of  the  National  organizations;  because  if 
we  do  not  get  these  men  they  are  bound  to  be  led  off  into  some  other 
organization,  particularly  this  association  that  was  mentioned  here 
to-day. 

They  are  making  heavy  drafts  among  the  younger  men,  and  with 
proper  leadership  they  are  going  to  supplant,  they  are  trying  to  sup- 
plant, the  Founder  Society. 

Mr.  Humphreys. — Might  I  relieve  Mr.  Backes'  mind  by  saying, 
as  President  of  Stevens  Institute,  that  he  need  not  worry  about  the 
boys  over  there.    They  do  not  show  any  such  tendency. 

The  President. — He  comes  from  Connecticut — New  Haven — per- 
haps they  are  not  the  same. 

Mr.  Humphreys. — We  have  lots  of  Connecticut  boys  with  us. 

I  would  like  to  say  one  word  with  respect  to  the  remarks  of  the 
gentleman  next  preceding.  I  would  like  to  ask  how  any  organized 
body  like  the  Engineering  Council  or  the  Board  of  this  Society  can 
represent  the  members,  if  they  do  not  now.  For  instance,  there  are 
three  new  men,  if  I  recollect,  who  go  in  this  year.  Those  men  were 
endorsed  as  representative  men  by  their  several  Sections.  According 
to  this  gentleman,  I  suppose,  the  instant  they  get  inside  of  the  Board  of 
Direction  they  become  organization  men,  and  do  not  represent  the 
membership.  How,  then,  are  you  going  to  get  representatives?  The 
only  suggestion  I  can  make,  to  help  the  gentleman  out,  is  to  have  a 
Soviet  Government. 

Mr.  Whinery. — I  think  the  great  sentiment  in  the  Society  is  that 
we  should  make  progress,  and  progress  along  the  best  lines.  The  point 
is  that  we  ought  to  consider  in  the  most  careful  and  deliberate  manner 
what  is  progress  and  what  is  not  progress.    To  me  it  seems,  in  addition 
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to  the  reasons  I  have  already  given,  that  that  is  best  secured  by  follow- 
ing the  method  outlined  in  the  report  from  the  Board  of  Direction. 

There  is  no  objection,  as  I  said  before,  to  discussing  the  questions 
here  and  to  expressing  opinions;  but  let  the  matter  take  the  course 
outlined  by  the  Board  of  Direction.  That  is  the  simple  question  on 
which  we  are  called  to  vote  now,  not  on  any  of  this  extraneous  matter 
that  has  been  brought  out. 

The  President. — I  want  to  say  that  we  have  discussed  this  matter 
one  hour  and  three-quarters,  and  do  not  seem  to  be  getting  anywhere.  If 
there  is  anybody  else  that  wants  to  discuss  it,  all  right,  but  if  there  is 
not 

Mr.  Bights. — I  want  to  say  something  in  defence  of  the  Board. 
The  statement  has  been  made  here  to  the  effect  that  some  of  the  state- 
ments in  this  "Alvord  Committee"  report  are  absolutely  false;  and  the 
resolutions  offered  by  Mr.  Humphrey,  I  understand,  are  to  the  effect 
that  the  questions  must  be  submitted  without  the  change  of  letter  or 
word.  Evidently  you  do  not  trust  your  Board  of  Direction.  If  you  are 
going  to  put  your  resolutions  through  that  way,  you  do  not  trust  them. 

These  men  on  the  "Alvord  Committee"  are  all  hold-over  men,  and 
are  on  the  new  Board.  I  do  know  that  they  have  devoted  a  great  deal  of 
attention  to  this  matter.  They  did  as  much  work  as  would  comprehend 
an  elaborate  engineering  investigation.  They  did  the  best  they  knew 
how,  and  they  submitted  their  report.  The  Board  of  Direction  in 
turn  has  submitted  to  you  for  your  consideration  a  series  of  questions; 
and  in  addition  to  that,  the  Board  has  asked  you  to  express  yourselves 
as  to  any  other  questions  which  you  would  like  to  have  submitted. 

Now,  then,  if  you  have  no  confidence  in  them,  you  probably  have 
no  confidence  in  the  new  Committee  that  Mr.  Davis  has  mentioned. 
Why,  you  had  better  take  the  whole  thing  out  of  the  hands  of  the 
Board  of  Direction  and  run  it  yourselves.  I  am  going  off  the  Board, 
but  I  just  want  to  speak  in  defence  of  it. 

The  Board  of  Direction,  as  near  as  I  can  see  from  three  years'  experi- 
ence in  it,  is  representative.  It  has  its  ear  to  the  ground  all  the  time 
trying  to  find  out,  not  what  New  York  wants,  but  what  the  members 
outside  want;  and  one  of  the  troubles  is  that  we  cannot  hear  anything 
as  to  what  they  do  want. 

You  probably  know,  although  you  do  not  think  of  it,  that  a  change 
in  the  Constitution  can  be  brought  about,  or  action  on  the  Constitu- 
tion can  be  brought  about,  by  five  members?  You  can  pick  up  five 
members  on  the  street,  submit  a  proposed  change  in  the  Constitution; 
and  it  is  mandatory  upon  the  Secretary  to  submit  that  to  the  next 
semi-annual  meeting.     The  Board  has  nothing  to  say  about  it. 

I  want  to  know  if  this  Board  of  Direction  has  been  misrepresentative 
for  the  past  ten  years,  where  are  all  these  gentlemen?  Have  they  not 
been  able  to  find  five  men  who  agreed  with  them  ?  There  must  be  some- 
thing the  matter. 
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Now,  I  ask  you  to  support  Mr.  Whinery's  resolution,  and  give  this 
Board  a  fair  show.  They  have  heard  the  discussion.  They  know  what 
it  is.     Give  them  a  fair  show  to  do  what  you  would  like  them  to  do. 

Mr.  Humphrey. — I  think,  as  the  mover  of  the  original  resolutions, 
I  made  it  clear  that  it  was  not  the  intent  of  the  resolutions  to  suppress 
any  questions  that  the  Board  of  Direction  may  send  out;  that  the  pur- 
pose of  the  resolutions  was  not  in  any  way  to  reflect  upon  the  Board, 
or  the  splendid  work  that  the  Board  was  doing,  but  it  was  simply  that 
those  who  had  given  attention  to  this  question  should  express  what 
they  wanted  to  submit  to  the  members. 

The  "Alvord  Committee"  did  not  have  very  much  time  in  which  to 
pass  upon  this  matter.  If  I  am  correctly  informed  they  had  no  meeting 
on  the  subject.  The  Development  Committee's  report  represents  the 
work  of  40  men,  28  of  our  own  Society ;  and  they  put  in  thirty  days  of 
solid  work  on  this  report. 

I  believe  these  men  are  just  as  competent  to  express  the  wisdom  out- 
side of  District  No.  1  in  the  east  as  any  other  body  of  men.  Mr. 
Rights  says  they  try  to  hear  what  the  outside  men  want.  They  have 
it  in  the  report  of  the  Development  Committee,  in  which  the  twenty- 
two  Local  Sections  are  represented. 

What  is  the  objection  of  this  Annual  Meeting  to  adopting  the  reso- 
lutions? The  Meeting  has  a  right  to  send  them  out;  and  the  Board, 
in  its  resolution,  has  intimated  that  such  instructions  and  questions 
as  are  wanted  should  be  included.  The  ''Alvord  Committee"  Report 
referred  only  to  the  question  of  external  relations;  and  while  we  want 
to  see  that  go  on,  there  are  those  on  the  Development  Committee  who 
feel  that  the  question  of  our  technical  activities  and  the  broadening  of 
this  work  is  just  as  vital,  and  who  think  it  would  be  a  mistake  to  sub- 
mit only  questions  on  external  relations  and  not  on  internal  relations; 
and  the  purpose  of  these  resolutions  was  to  extend  the  "Alvord 
Committee"  report  by  including  internal  relations  as  well. 

I  hope  that  we  will  adopt  this  resolution  and  that  the  Board  will 
send  out  questionnaires  with  whatever  questions  they  see  fit.  I  know 
the  Board  of  Direction  has  authority  to  send  out  a  questionnaire 
whether  this  meeting  says  so  or  not  at  any  time. 

(Cries  of  "Question".) 

O.  H.  DiCKERSON. — Mr.  President,  the  gentleman  here  wondered  if 
we  had  confidence  in  the  Board.  There  are  a  great  many  members 
of  the  American  Society  of  Civil  Engineers  who  are  wondering  if  you 
are  showing  proper  confidence  in  its  Development  Committee.  We  are 
in  touch  with  them,  and  they  ask  that  these  questions  be  submitted. 
That  is  the  question  that  seems  to  me  to  be  before  this  meeting.  Is  the 
questionnaire  that  they  have  proposed,  and  which  they,  with  all  their 
study,  have  considered  is  the  essential,  fundamental  feature  of  this 
report,  to  go  to  the  membership  of  this  Society,  or  is  some  other  per- 
son's interpretation  to  go? 
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Mr.  Humphreys. — Here  is  the  first  intimation  I  have  had  that  the 
report  of  Mr.  Hiamphrey  comes  officially  from  the  Development 
Committee. 

Mr.  Humphrey. — May  I  say  to  you,  Mr.  President,  that  this  Devel- 
opment Committee  in  transmitting  to  the  Board  of  Direction  of  this 
Society,  transmitted  the  Development  Committee  report  V7ith  a  letter 
in  which  it  set  out  nine  questions,  which  it  said  would  simplify,  estab- 
lish and  show  the  fundamentals  that  were  in  that  report,  and  asked  the 
Board  of  Direction  of  the  Society  to  canvass  the  opinion  of  the  mem- 
bers on  or  before  January  1st  on  those  fundamentals,  and  report  them 
to  this  Annual  Meeting.  That  part  of  the  report  has  never  come  to 
the  membership  of  this  Society.  For  some  reason  it  has  been 
suppressed. 

(Cries  of  "Question.") 

The  President. — The  question  before  the  house  is  the  motion  made 
by  Mr.  Whinery  that  the  action  of  the  Board  of  Direction  be  approved. 
All  in  favor  of  that,  please  say  '*'aye" ;  contrary,  "no". 

The  chair  is  in  doubt,  and  I  am  going  to  put  that  question  again, 
and  ask  the  members  to  vote  by  raising  the  right  hand.  All  those  in 
favor  of  Mr.  Whinery's  motion,  please  raise  the  right  hand;  all 
opposed,  the  same  sign. 

I  shall  have  to  declare  the  motion  lost. 

Mr.  Humphrey. — I  want  to  say  that  we  have  been  all  this  time 
considering  only  one  question — I  do  not  see  how  we  are  going  to  go 
through  the  nine,  and  I  am  going  to  call  for  the  previous  question  now. 

The  President. — The  question  before  the  house  was  that  we  vote 
upon  this  first  question  of  the  questionnaire. 

Mr.  Humphrey. — I  withdraw  that  motion. 

The  President.^ — All  who  are  in  favor  of  this  first  question,  "Shall 
the  American  Society  of  Civil  Engineers  adopt  the  principle  of  be- 
coming a  National  force  in  economic,  industrial  and  civic  affairs?" 
signify  by  saying  "aye";  contrary,  "no."     Carried. 

Mr.  Parker.- — It  has  been  moved  twice  that  we  refer  to  the  original 
resolution,  the  adoption  of  the  original  resolution  offered  by  Mr. 
Humphrey.    That  has  been  seconded,  but  I  will  second  it  also. 

The  President. — I  do  not  understand  that  there  was  any  original 
motion.  I  understand  that  Mr.  Humphrey  proposed  to  take  these  ques- 
tions up  singly. 

Mr.  Talbot. — As  one  very  much  interested  in  this  subject,  I  trust 
that  this  call  for  the  previous  motion  will  not  be  carried.  I  know 
it  is  not  debatable ;  but  it  seems  to  me  that  before  this  Annual 
Meeting  passes  upon  it  we  should  have  this  read  again  and  passed  upon. 
If  there  is  no  time  between  now  and  dinner  time,  let  us  adjourn  until 
to-night  or  to-morrow.  It  is  not  necessary  to  go  to  the  excursion.  I 
should  like  to  have  some  of  those  questions  and  have  a  chance  to  see 
what  they  are.    It  is  not  well  for  us  to  put  it  in  such  shape  that  after- 
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ward  we  will  find  that  there  have  been  some  mistakes  made;  that 
there  are  difficulties  or  dangers  in  some  proposed  policies,  that  we 
should  not  take  up. 

We  have  not,  so  far  as  I  know  to-day,  discussed  in  any  way  the 
merits  of  some  of  these  questions.  I  have  not  seen  these  questionnaires. 
If  this  was  submitted  to  the  Board  of  Direction,  I,  for  one,  never  saw 
the  list  and  did  not  know  that  the  Committee  had  presented  such  a 
list  to  the  Board. 

IIr.  Davis. — ISTor  I. 

The  President. — I  do  not  think  that  Mr.  Humphrey  or  anybody 
else,  wants  to  make  any  such  motion  as  that,  for  the  very  reason  that 
all  of  these  questions  ought  really  to  be  discussed  as  we  go  along.  Let 
us  take  our  time.  It  is  very  unfortunate,  I  think,  that  any  one  should 
make  a  motion  of  that  kind. 

Mr.  Williams. — I  move  that  we  proceed  to  a  consideration  of  the 
second  question. 

(Motion  seconded.) 

The  President. — If  that  is  agreeable,  we  will  proceed  to  the  con- 
sideration of  the  second  question.  All  in  favor  of  taking  up  the  second 
question,  please  say  "aye";  contrary,  "no."  We  will  proceed  to  the 
consideration  of  the  second  question. 

S.  M.  SwAAB,  M.  Am.  See.  C.  E. — I  move  its  adoption. 

(The  President  reads  the  second  question  to  the  meeting.) 

Mr.  Swaab. — I  move  the  adoption  of  the  second  question. 

(Motion  seconded.) 

Mr.  Davis. — May  I  ask  a  question  ? 

(Cries  of  "Question.") 

The  President. — You  have  to  allow  questions.  I  am  not  going 
to  put  the  question  right  off.    You  have  the  floor,  Mr.  Davis, 

Mr.  Davis. — I  have  risen  several  times  to  ask  this  question  of  Mr. 
Humphrey.  He  has  made  a  very  serious  charge.  I  never  knew  of 
the  suppression  of  that  letter  and  questionnaire  accompanying  the 
report  of  the  Development  Committee  until  he  told  me,  and  I  would 
like  to  know  about  it.  This  is  the  question  I  tried  to  ask :  Is  the  ques- 
tionnaire now  before  the  house  the  same  as  that  presented  by  the 
Development  Committee? 

Mr.  Humphrey. — I  have  here  a  copy  of  a  letter  signed  by  Onward 
Bates,  Chairman,  and  by  E.  T.  Howson,  Secretary,  to  the  effect  that 
every  member  of  the  Committee  on  Development  has  been  advised  that 
this  report  was  submitted  to  the  Board  of  Direction.  It  says:  "The 
Committee  on  Development  in  submitting  the  attached  report,  recom- 
mends that  a  vote  of  the  members  of  the  Society  be  taken  and  can- 
vassed on  or  before  January  1st,  1920,  and  that  the  result  thereof  be 
reported  at  the  next  Annual  Meeting  upon   the  following   essential 


200  REPORT  OF  THE  ANNUAL  MEETING        [Society  AflFairs. 

features  contained  in  that  report,  together  with  such  featiires  as  the 
Board  of  Direction  may  deem  desirable. 

"1.    Shall  the  recommendations  of  the  Committee  on  Development  as 

to  technical  activities  be  adopted?    (A,  1-5) 
"2.    Shall  local  sections  be  created  to  embrace  the  entire  membership 

of  the  Society  ?     (B,  1,  a,  b,  c,  d,  h) 
"3.    Shall  the  Directors  in  each  geographical  district  be  nominated 

and  elected  by  vote  of  Corporate  Members   resident  therein? 

(B,  1,  e,  f,  g,  1) 
"4.    Shall  a  portion  of  the  Society  dues  be  allotted  to  local  sections? 

(B,  2,  i) 
"5.    Shall  the  present  Nominating  Committee  be  abolished  and  the 

officers  at  large  be  nominated  by  representatives  of  local  sections 

in  annual  conference?    (B,  2,  j,  k) 
"6.  Shall   the   present   grades   and   requirements   for   membership   be 

revised?    (B,  2) 
"7.    Shall  the  code  of  ethics  recommended  be  adopted?    (D,  2) 
"8.    Shall  the  American  Society  of  Civil  Engineers  join  in  the  forma- 
tion of  the  proposed  National  Council  of  Engineering  and  Allied 

Technical  Associations?     (C,  D) 
"9.    Shall  the  other  recommendations  in  the  report  of  the  Committee 

on  Development  be  adopted?" 

Those  who  have  discussed  these  questions  felt  that  matters  like 
that  of  membership  grades  were  not  so  germane  at  the  present  time; 
that  if  the  Society  voted  on  these  fundamentals  in  the  affirmative, 
it  would  mean,  in  some  respects,  especially  in  the  matter  of  dues  and 
the  creation  of  local  sections,  an  amendment  of  the  Constitution.  We 
are  due  to  have  an  amendment  of  the  Constitution,  a  revision  of  it, 
at  some  time,  and  when  that  revision  of  the  Constitution  comes,  the 
grades  of  membership  will  of  necessity  have  to  come  under  considera- 
tion and  come  up  at  that  time. 

The  President. — I  understand  that  these  questions  accompanied 
the  report  from  the  Development  Committee,  the  report  to  the  Board 
of  Direction  by  the  Development  Committee, 

Mr.  Humphrey. — It  was  a  letter  transmitting  the  report  of  the 
Development  Committee,  and  I  see  no  reason  why  that  questionnaire 
should  not  have  gone  to  the  membership. 

A  Member. — Are  these  the  same  questions? 

Mr.  Humphrey. — Substantially, — three  questions  have  been  put  in 
instead  of  two,  and  some  other  small  changes  made. 

Mr.  Hansel. — During  the  discussion  of  the  report  at  the  December 
meeting  in  New  York,  those  attending  wondered  why  the  Committee 
on  Development  had  not  offered  a  set  of  questionnaires.     They  had 
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received  the  voluminous  report  and  felt  that  if  the  Committee  on  De- 
velopment had  taken  the  trouble  to  desire  questionnaires,  it  would 
have  been  stated. 

I  stated  at  that  time  that  the  Committee  on  Development  had  pre- 
pared these  questions,  had  handed  them  to  the  Board  of  Direction,  but 
I  could  not  answer  nor  explain  why  the  letter  had  not  gone  out  with 
that  report.  I  feel  that  had  it  gone  out,  there  would  have  been  a  great 
saving  of  time  and  a  greater  understanding  of  the  Development  Com- 
mittee's report. 

The  Secretary. — Mr.  President,  there  seems  to  have  been  a  sugges- 
tion, by  intimation  or  otherwise,  that  something  has  been  suppressed. 
The  list  of  questions  which  Mr.  Humphrey  has  just  read  came  with 
the  report  of  the  Development  Committee,  with  the  recommendation 
that  it  be  sent  out  to  the  membership,  and  a  vote  received  and  can- 
vassed by  January  1st. 

If  I  remember  correctly,  that  set  of  questions  was  presented  to  the 
Board  of  Direction  at  the  time  that  the  report  of  the  Development 
Committee  was  presented.  As  I  understand  the  matter  of  the  attitude 
of  the  Board  of  Direction,  the  Development  Committee  was  created 
by  the  Board  of  Direction  of  its  own  volition.  It  was  a  Committee 
to  report  to  the  Board. 

This  report  was  received  only  a  day  or  two — I  don't  remember  the 
exact  date,  before  the  meeting  of  the  Board  which  was  held  on  October 
14th — you  perhaps  have  the  date  there. 

Mr.  Humphrey. — Oct.  9th,  five  days  before. 

The  Secretary. — The  meeting  of  the  Board  was  on  the  14th.  There 
was  no  time,  of  course,  to  send  the  report  to  the  members  of  the  Board 
in  time  for  them  to  study  it  before  they  got  to  the  meeting.  The  report 
was  read  to  the  Board  in  full.  All  these  questions  were  read  in  full  to 
the  Board.  If  I  remember  correctly,  in  another  letter  of  transmittal, 
or  perhaps  in  the  real  letter  of  transmittal,  this  being  another  one  on 
the  side,  the  Committee  on  Development  stated  that  its  report  was  not 
finished,  that  it  had  appointed  a  Committee  on  Budget  and  recommended 
to  the  Board  that  when  the  report  of  the  Committee  on  Development 
was  sent  out,  it  should  be  sent  out  when  completed,  on  receipt  of  the 
report  of  the  Committee  on  Budget. 

Meanwhile  the  Board,  at  its  meeting  of  October  14th,  realizing  that 
it  could  not  go  into  this  matter,  could  not  send  out  these  questions 
until  the  report  was  complete,  could  not  send  out  the  report  itself  to 
the  membership  until  it  was  complete,  with  the  report  of  the  Commit- 
tee on  Budget,  appointed  a  sub-committee  to  consider  and  report  to  it 
at  its  next  meeting.  The  report  of  the  Committee  on  Budget  was 
received  on  November  11th. 

That  is  the  history  of  the  case.  I  do  not  wish  to  comment  upon  it 
at  all,  but  there  was  no  suppression  of  anything.     The  Board  of  Direc- 
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tion  did  consider  the  whole  question  and  thought  it  wiser  to  refer  the 
matter  to  the  Committee  appointed  by  itself  to  report  back  to  the 
Board,  so  that  it  could  act  intelligently,  and  report  the  whole  matter  to 
this  Annual  Meeting  of  the  Society.  There  would  hardly  have  been 
time  after  November  11th,  which  was  the  earliest  date  at  which  the 
report  was  complete,  to  have  sent  out  these  questions  and  got  an 
answer  in  time. 

Mr.  Williams. — The  question  has  been  asked  here,  or  statement 
made,  that  the  "Alvord  Committee"  never  held  a  meeting.  Can  the 
Secretary  throw  any  light  upon  it? 

The  Secretary. — I  know  nothing  about  it. 

Mr.  Alvord. — The  committee  did  hold  a  meeting. 

Mr.  Williams. — How  many? 

A  Member. — How  long? 

Mr.  Hansel. — Question  on  No.  2. 

Mr.  Humphreys. — Will  somebody  read  the  question  ?  Let  us  under- 
stand it. 

The  President. — I  will  read  it  to  you:  "Shall  the  Society  actively 
co-operate  with  other  engineering  and  allied  technical  associations  in 
promoting  the  welfare  of  the  Engineering  Profession?"  That  is  Ques- 
tion No.  2,  a  harmless  one. 

Mr.  Humphreys. — I  would  like  a  definition  of  "welfare",  from  the 
man  who  oilers  this. 

(Cries  of  "Question".) 

The  President. — I  think  the  gentleman  is  entitled  to  an 
explanation. 

(Cries  of  "Question".) 

The  President. — Dr.  Humphreys  has  asked  for  an  explanation  of  a 
word  in  this  Question  No.  2,  and  I  think  Mr.  Humphrey  ought  to 
give  him  an  answer. 

Mr.  Humphrey. — Generally  the  word  "welfare",  as  used  in  debate 
at  the  meetings  of  the  four  Founder  Societies,  is  to  cover  those  mat- 
ters relating  to  the  Profession  and  Engineering  other  than  technical 
matters. 

The  President. — I  do  not  need  to  read  this  question  again.  All 
in  favor  will  please  say  "aye" ;  all  against,  "no".    Carried. 

Mr.  Castle. — I  move  the  adoption  of  Question  No.  3. 

(Motion  seconded.) 

The  President. — It  is  moved  and  seconded  that  we  take  up  Question 
No.  3.  I  am  going  to  read  it:  "Shall  the  Society  for  the  purposes  set 
forth  in  Questions  1  and  2" — which  you  have  already  acted  upon — 
"actively  co-operate  in  the  creation  of  the  comprehensive  organization 
as  outlined  in  the  Joint  Conference  Committee  report?"  Just  what 
that  means  I  will  leave  to  you.  Wliether  that  means  another  organiza- 
tion, I  do  not  know. 
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Mr.  Humphrey. — The  reference  is  in  the  resolution.  Look  up  the 
Development  Committee's  report,  pages  10  to  19. 

The  President. — I  know  that  there  are  some  members  of  that  Com- 
mittee who  are  opposed  to  that. 

(Cries  of  "Question".) 

The  President. — You  cannot  hurry  this.  In  my  judgment  it  is  too 
important  a  matter  to  hurry. 

Mr.  Metcalf. — There  has  been  some  division  of  opinion,  as  I  have 
heard  it  expressed,  as  to  the  significance  of  the  words  as  outlined  in  the 
Joint  Conference  Committee's  report.  Does  that  mean  that  this  reso- 
lution intends  the  formation  of  a  new  independent  organization,  or 
may  it,  as  was  suggested  to  be  possible  in  the  report,  mean  the  modifica- 
tion of  Engineering  Council  as  a  possible  substitute  for  a  new  organi- 
zation?   I  would  be  very  glad  to  hear  from  Mr.  Humphrey. 

Mr.  Humphrey. — Mr.  President,  that  raises  the  question  involved  in 
the  report.  The  Joint  Conference  Committee  of  the  four  Societies — 
I  would  like  to  say  that  its  report  was  unanimous — set  up  an  organi- 
zation to  create  a  democratic  National  Council  for  welfare  work.  The 
purpose  of  that  council  is  similar  to  a  Chamber  of  Commerce.  There 
would  be  no  individual  memberships  in  it,  but  the  National  Council 
is  to  be  made  up  of  delegates  from  local  bodies,  which  correspond  to 
local  Chambers  of  Commerce. 

There  would  be  individual  membership  in  local  associations  of 
engineers,  but  the  National  Council  would  be  made  up  of  representa- 
tives of  organizations — a  building  up  of  the  Engineering  Profession 
from  the  bottom  upward,  for  this  particular  phase  of  the  engineer's 
work. 

It  was  expected  that  if  Engineering  Council — I  think  we  are  all  of 
the  opinion  that  Engineering  Council  has  done  splendid  work,  but 
unfortunately  it  has  got  a  lot  of  strings  to  it;  it  is  not  self-determining; 
it  is  not  sufiiciently  democratic— if  the  Engineering  Council  can  be 
made  democratic  and  to  fit  into  the  new  organization,  this  new  organi- 
zation would  be  the  reconstructed  Engineering  Council,  to  make  it 
more  democratic. 

I  want  to  call  attention  to  the  fact  that  in  the  "Alvord  Committee" 
report  it  has  been  stated  that  plumbers  masquerading  under  the  title 
of  Sanitary  Engineers  could  be  made  members  of  this  Council.  The 
Committee  evidently  did  not  read  the  Joint  Conference  report,  which 
requires  that  applications  would  have  to  be  submitted  to  the  National 
Council  for  approval ;  and  I  am  quite  sure  such  applications  would  not 
pass  the  Council— if  plumbers  masquerading  as  engineers  should  apply 
for  membership  in  that  Council. 

I  do  not  need  to  carry  coals  to  Newcastle.  Engineering  Council 
has  passed  a  resolution  to  approve  the  Joint  Conference  report.  ^  Let 
us  carry  out  the  plan  as  organized.     If  Engineering  Council  will  fit 
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into  this — fine.  If  it  is  found  that  there  are  legal  obstacles,  that  is 
another  matter,  but  we  want  this  single,  comprehensive  organization  for 
welfare  work. 

The  President. — If  this  goes  through,  I  understand  it  cannot  be 
changed  in  any  way  whatever.  The  question  is  whether  you  would  agree, 
or  the  Committee  would  agree,  that  if  it  was  found  proper  to  make  some 
little  change,  on  account  of  the  reorganization  or  for  the  better  work- 
ing of  the  National  Council,  it  could  be  done.  I  do  not  know  how  we 
could  make  any  change. 

]\1r.  Humphrey. — I  think  if  the  Board  of  Direction  and  the  Com- 
mittee is  going  to  consider  that  field,  the  question  is  not  adequate. 
They  can  put  another  question  to  cover  it  in  a  complete  form;  but 
I  want  to  warn  the  Board  if  they  put  out  a  question  as  to  whether  the 
present  Engineering  Council  should  be  made  a  member  of  this  organiza- 
tion, they  will  get  an  overwhelming  vote  against  it.  I  do  not  believe 
in  destroying.     I  believe  in  utilizing. 

The  President.— You  would  like  to  build  up  what  we  have  got ;  you 
would  like  to  enlarge  the  present  Engineering  Council? 

Mr.  Humphrey. — And  make  it  democratic. 

Mr.  Williams. — Mr.  Humphrey,  through  an  inadvertence,  forgot  to 
say  that  the  National  organizations  were  to  be  represented.  The 
scheme  contemplates  a  comprehensive  National  organization  or  Council 
of  engineers  to  be  composed  of  representatives  of  the  National  Engi- 
neering Societies  in  the  proportion  of  one  representative  for  each  soci- 
ety for  the  first  200  to  2  000  members,  and  one  additional  member  for 
each  additional  2  000  menibers  or  major  fraction  thereof ;  and  a  rep- 
resentative of  local,  State  and  regional  societies  in  the  proportion  of 
one  representative  for  each  society  for  the  first  100  to  1  000  members, 
and  one  additional  representative  for  each  additional  1  000  or  major 
fraction  thereof.     That  was  the  fundamental  organization  proposal. 

Mr.  Davis. — T  would  like  to  ask  whether,  if  this  question  was  an- 
swered in  the  negative  by  letter  ballot,  that  would  be  the  organization 
that  would  be  adopted? 

Mr.  Humphrey. — In  the  negative? 

Mr.  Davis. — No;  I  mean  the  affirmative. 

Mr.  Humphrey. — No ;  I  do  not  think  that  would  be  the  case  at  all. 
But  again  I  would  like  to  read  from  the  report  of  the  Development 
Committee.  You  will  find  in  the  report  of  the  Development  Com- 
mittee on  page  11,  first  paragraph,  the  following  language:  "If  de- 
sired. Engineering  Council  can  be  moulded  into  this  organization  by 
making  it  more  democratic  and  founding  it  on  direct  representation 
of  all  engineers,  rather  than  appointment  as  at  present." 

(Cries  of  "Question.") 

The  President. — Does  anybody  care  to  say  anything? 

A  Member. — I  would  like  to  have  that  question  read  over  again. 
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The  President. — These  are  very  important,  and  I  ought  to  express 
my  own  opinion.  There  might  be  a  different  interpretation  or  more 
than  one  interpretation;  but  the  question  is  this:  "Shall  the  Society 
for  the  purpose  set  forth  in  Questions  1  and  2  actively  co-operate  in 
the  creation  of  a  comprehensive  organization  as  outlined  in  the  Joint 
Conference  Committee  report?" 

You  all  have  to  understand  what  they  outline  in  that  report  if  you 
are  to  vote  intelligently  on  this  question,  I  suppose.  Are  you  ready 
for  the  question  ?    All  in  favor  say  "aye" ;  contrary,  "no."    Carried. 

We  come  now  to  the  "infernal"  relations. 

A  Member. — "Infernal",  did  you  say? 

The  President. — I  don't  know  what  you  call  them,  I  call  them 
infernal. 

Mr.  Hansel. — I  move  the  adoption  of  Question  No.  1,  Section  B. 

(Motion  seconded.) 

The  President. — It  is  moved  and  seconded  that  we  take  up  Ques- 
tion No.  1,  Section  B :  "Shall  the  recommendations  of  the  Committee 
on  Development  as  to  technical  activities  be  adopted?" 

Mr.  Swain. — I  do  not  happen  to  know  just  what  those  recommenda- 
tions are  that  we  are  voting  on. 

A  Member. — Pages  4  to  6  of  the  Development  Committee's  report. 

Mr.  Humphrey. — I  will  enlighten  the  gentleman.  On  page  4  of 
the  report  of  the  Committee  on  Development  appears  Section  A,  "Tech- 
nical Activities."  It  provides  for  meetings.  It  recommends  that  the 
fortnightly  meetings  of  the  Parent  Society  be  discontinued;  it  is 
expected  that  the  New  York  section  will  take  care  of  those  meetings. 
And  it  is  recommended  "That  the  semi-annual  meetings  of  the  Parent 
Society  be  supplemented  by  the  addition  of  a  spring  and  fall  meeting 
held  successively  in  different  sections  of  the  country  in  co-operation 
with  local  sections."  The  system  of  securing  papers  is  discussed.  It 
calls  for  some  study  with  the  idea  of  selecting  a  programme  of  papers. 
The  monthly  Proceedings  should  be  extended  to  include  editorial  work, 
abstracts  and  reviews  of  important  engineering  articles  and  subjects 
of  popular  interest  to  the  great  majority  of  engineers. 

The  section  on  Committees  calls  for  the  creation  of  an  Advisory 
Committee  to  co-operate  on  questions  before  the  Society  so  that  the 
Local  Sections  may  have  an  opportunity  to  participate  in  this  work. 
Under  "Standards  in  Engineering  Practice"  it  states  "that  co-operation 
with  the  American  Engineering  Standards  Committee"  should  be  fos- 
tered.    That  is  what  the  recommendations  are. 

(Cries  of  "Question".) 

A.  Gideon,  M.  Am.  Soc.  C.  E. — Mr.  Chairman,  I  am  from  Manila. 
I  have  been  a  member  of  this  Society  for  some  twenty  years.  I  have 
been  away  most  of  that  time,  so  I  have  never  had  a  chance  to  say 
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anything,  and  I  believe  I  had  better  take  my  chance  now  because  I 
may  not  soon  have  another  one. 

It  seems  to  me  that  we  are  going  a  little  bit  too  far.  To  prove  to 
you  that  I  am  not  an  ultra-conservative,  let  me  say  that  I  have  been 
called  ever  since  childhood,  all  the  radical  names,  as  soon  as  they  have 
appeared  on  the  horizon.  I  have  been  known  as  a  socialist,  an  anar- 
chist, a  Bolshevist,  and  everything  else,  although  I  am  not  any  of  them. 
I  have  tried  all  my  life  to  be  as  progressive  as  I  knew  how,  and  that 
I  was  successful  is  evidenced  by  the  fact  that  I  served  the  United 
States  on  its  outskirts,  in  Havana,  and  now  in  the  Philippine  Islands. 

Now,  it  seems  to  me  that  we  are  taking  a  very  dangerous  course. 
A  man  who  prepares  a  paper  for  the  whole  of  the  American  Society  of 
Civil  Engineers  will  take  a  great  deal  more  trouble  in  preparing  it, 
will  study  it  more,  than  he  would  for  a  local  society,  even  if  the  local 
society  was  the  New  York  Section. 

I  have  read  a  great  many  papers  and  publications  of  various  soci- 
eties, including  the  English  societies  of  engineers,  and  a  great  many 
others,  and,  as  a  rule,  the  best  papers  appear  in  the  societies  which  have 
the  greatest  circulations,  that  is,  the  ones  that  are  published  for  the 
benefit  of  the  whole  society.  It  is  true,  you  will  say  that  these  papers 
will  have  wide  circulation.  However,  there  is  a  great  deal  of  difference 
when  one  knows  that  he  speaks  to  the  whole  Profession,  rather  than  to 
only  a  few  people,  whether  it  be  New  York,  Providence,  Manila,  or 
anywhere  else.  I  have  sat  here  listening  quietly  to  some  of  the  various 
expressions  about  the  Society  deteriorating,  and  if  not  now  ten  years 
from  now.  I  joined  the  Society  in  1900.  I  heard  the  first  year  that 
the  Society  would  go  to  the  dogs;  that  it  was  run  by  a  clique  of 
Directors. 

I  remember  what  Governor  Flower  told  me  once.  He  said,  "If  you 
want  to  fight  the  trusts,  get  inside  and  fight  from  there.  Don't  fight 
them  from  the  outside;  you  will  not  succeed.  Get  on  the  inside,  and 
fight  from  there".    And  that  is  what  he  did,  I  believe. 

This  Society  does  not  need  any  catch  words  to  depend  upon  for  its 
longevity  or  its  welfare.  It  is  one  of  the  leading  societies  of  the  United 
States;  it  is  the  leading  society  in  the  United  States,  and  probably 
the  leading  society  in  the  world.  I  am  familiar  with  a  great  many 
of  the  societies  all  over,  and  even  in  the  Philippines,  we  have  the 
Philippines  Society,  which  dies  an  untimely  death,  due  to  the  depar- 
ture of  engineers  back  to  the  United  States. 

We  need  not  fear  for  the  future  of  this  Society.  This  Society  will 
keep  on  increasing,  and  keep  on  increasing  just  as  fast  as  it  needs  to 
increase.  We  do  not  want  a  great  many  of  these  members  who  would 
join  other  societies  for  other  purposes.  The  ones  that  join  the  Ameri- 
can Society  of  Civil  Engineers  join  it  for  the  reason  that  it  is  the 
leading  Engineering  Society  in  the  world,  and  they  want  to  belong  to 
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it.  They  want  to  give  benefit  to  the  other  members  and  they  want  to 
benefit  somewhat  themselves. 

I  admit  that  some  reforms  will  have  to  be  made  from  time  to  time, 
but  if  you  want  to  take  the  advice  of  a  semi-stranger,  do  not  reach 
out  too  fast.    Go  slowly. 

The  President. — The  question  is:  "Shall  the  recommendations  of 
the  Committee  on  Development  as  to  technical  activities  be  adopted?" 
All  in  favor  of  that  please  say  "aye".    Contrary,  "no".    Motion  carried. 

Mr.  Castle. — I  move  the  adoption  of  Question  No.  2. 

(Motion  seconded.) 

The  President. — It  is  moved  and  seconded  that  we  take  up  the  sec- 
ond question  imder  Section  B:  "Shall  local  sections  be  created  to 
embrace  the  entire  membership  of  the  Society  ?" 

Mr.  Davis. — I  am  afraid  there  is  a  misconception.  The  adoption 
of  one  of  these  questions  to  go  into  the  questionnaire  does  not  mean 
that  we  answer  it  "yes"  or  "no".  The  answer  to  that  last  question 
does  not  abolish  the  local  meetings  but  simply  asks  the  question  from 
our  membership  whether  or  not  they  shall  be  abolished;  and  that  is  the 
case  with  all  of  these  questions. 

The  President. — The  whole  action  of  this  meeting  is  in  directing 
the  Board  to  send  these  questions  out.  That  is  all  the  authority  that 
this  meeting  gives. 

(Cries  of  "Question".) 

The  question  is:  "Shall  local  sections  be  created  to  embrace  the 
entire  membership  of  the  Society?"  All  in  favor  please  say  "aye". 
Contrary,  "no".    Carried. 

V.  H.  Hewes,  M.  Am.  Soc.  C.  E. — In  calling  ofi  the  different  ques- 
tions, I  would  suggest  that  the  various  sections  that  are  referred  to 
in  the  Committee's  report  be  read  at  the  same  time  so  that  those  mem- 
bers who  are  not  thoroughly  familiar  with  it  may  know  what  they 
are  voting  on. 

The  President. — I  have  read  each  one,  and  if  the  members  do  not 
know  what  they  are  voting  on  I  cannot  help  it. 

The  Secretary. — In  order  that  there  may  be  no  mistake,  I  would 
like  to  say  that  these  questions  by  themselves  read  without  reference 
to  this  report — without  reference  to  any  report. 

Mr.  Humphrey. — The  Secretary  will  find  after  each  question  a  ref- 
erence to  the  report  of  the  Committee  on  Development  to  the  Board  of 
Direction  of  the  Society. 

The  Secretary. — The  point  I  make  is  this — when  these  questions 
are  put  that  part  is  not  read,  and  I  want  to  know  whether  it  is  to 
go  in. 

Mr.  Humphrey. — It  surely  is. 

The  President. — The  question  now  before  the  meeting  is  No.  3: 
"ShaU  the  Directors  in  each  geographical  district  be  nominated  by 
vote  of  the  Corporate  Members  resident  therein?" 
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Mr.  Castle. — I  move  the  adoption  of  Question  No.  3. 

Mr.  Hewes. — My  suggestion  was  that  they  be  read  in  conjunction 
with  the  numbers. 

The  President. — I  think  that  is  all  right,  but  the  motion  was  put 
and  carried;  and  it  would  not  do  any  good  now  if  I  read  it. 

Mr.  Hewes. — If  a  motion  is  in  order  that  such  reference  be  read  in 
full  with  each  section,  I  move  that  those  sections  be  read. 

(Motion  seconded.) 

The  President. — You  mean  all  of  them. 

Mr.  Hewes. — Each  one  referred  to  under  each  question. 

Mr.  Hansel. — Every  one  has  them  before  him. 

A  Member. — I  rise  to  a  point  of  order.  There  is  a  motion  before 
the  house. 

The  President. — I  do  not  think  there  is  any  objection.  It  will  only 
take  two  or  three  moments.  Question  No.  1  has  been  acted  upon.  I 
will  read  the  balance  of  it :  "Division  A,  Sections  1-5,  pages  4-6".  That 
is  No.  1.  Question  No.  2  has  in  brackets,  "Division  B,  Section  1, 
a,  b,  c,  and  h,  page  6."  Question  No.  3 :  "Division  B,  Section  1,  e,  f  and 
g,  page  6."  Two  of  them  are  acted  upon.  The  question  is  now  as  to 
the  third. 

(Cries  of  "Question".) 

The  President. — All  in  favor  of  the  Question  No.  3  please  say 
"aye";  contrary,  "no".     Carried. 

Mr.  Hansel. — I  move  the  adoption  of  Question  No.  4  under  Sec- 
tion B. 

(Motion  seconded.) 

The  President. — You  have  heard  the  motion  that  we  now  take  up 
Question  No.  4:  "Shall  a  portion  of  the  Society's  dues  be  allowed  to 
local  sections?  (Division  B,  Section  1,  i,  page  6)."  All  in  favor 
please  say  "aye";  contrary,  "no".     Is  there  no  more  discussion? 

(Motion  carried.) 

Mr.  Castle. — I  move  the  adoption  of  Question  No.  5. 

(Motion  seconded.) 

The  President. — The  motion  is  to  adopt  No.  5,  which  reads  as  fol- 
lows: "Shall  the  present  Nominating  Committee  be  abolished  and 
candidates  for  the  offices  of  President,  two  Vice-Presidents  and  Treas- 
urer be  nominated  by  representatives  of  local  sections  in  annual 
conference?  (Division  B,  Section  1,  j  and  k,  pages  G-7)." 

(Cries  of  "Question".) 

All  in  favor  please  say  "aye";  contrary,  "no".  There  do  not  appear 
to  be  any  "noes"  at  all. 

(Motion  carried.) 

Mr.  Castle. — I  move  the  adoption  of  Question  No.  6. 

(Motion  seconded.) 

The  President. — It  is  moved  and  seconded  that  we  adopt  No.  6: 
"Shall  the  dues  of  all  Non-resident  Members  above  the  grade  of  Junior 
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be  increased  to  provide  for  greater  activities  of  the  Society,  but  not 
to  exceed  $5.00  per  annum". 

J.  C.  Trautwine,  Jr.,  Assoc,  Am.  Soc.  C.  E. — It  would  be  in  very 
bad  taste  for  me,  as  a  Non-resident  Associate,  to  object  to  an  attempt 
to  reduce  my  dues  from  $10.00  to  $5.00;  but  I  cannot  think  that  that 
is  the  intent  of  the  question. 

Mr.  Humphrey. — Be  increased. 

Mr.  Trautwine. — To  not  exceed  $5.00. 

The  President I  rather  think  you  are  right. 

C.  D.  Thomas,  Assoc.  M.  Am,  Soo.  C.  E. — I  move  an  amendment 
that  it  read  "shall  not  be  increased  over  $5.00". 

Mr.  Humphrey. — I  accept  that — shall  be  increased  not  to  exceed 
$5.00  per  annum. 

The  President. — I  shall  have  to  have  a  written,  new  question, 
showing  just  what  that  means. 

Mr.  Humphrey. — May  I  say  that  I  offer  a  motion  in  deference  to  the 
gentleman  whose  sensibilities  were  wounded  by  the  possible  reduction 
of  his  dues,  that  we  add  after  the  word  "but"  in  the  last  line  "said 
increase  not  to  exceed  $5.00  per  annum". 

(Motion  seconded.) 

The  President. — Suppose  you  wanted  a  little  more  money — you 
could  not  increase  it  at  any  time.  You  are  fixing  this  for  all  time,  it 
seems  to  me;  but  I  did  not  do  it. 

(Cries  of  "Question".) 

The  question  before  the  house  is  No.  6 :  "Shall  the  dues  of  all  Non- 
resident Members  above  the  grade  of  Junior  be  increased  to  provide 
for  greater  activities  of  the  Society,  but  said  increase  not  to  exceed 
$5.00  per  annum?" 

The  Secretary. — The  word  "but"  comes  out. 

The  President. — It  will  not  hurt  it  any  to  leave  it  in.  All  in  favor 
of  that  motion  please  say  "aye";  contrary,  "no".     Carried. 

Mr.  Castle. — I  now  move  the  adoption  of  Mr.  Humphrey's  resolu- 
tion as  a  whole. 

(Motion  seconded.) 

Mr.  Keith. — I  move  an  amendment  to  the  motion  just  made  by 
the  addition  of  a  further  resolution:  "And  it  is  further  resolved  that 
the  Board  of  Direction  may  add  such  other  questions  or  amend  the 
form  or  wording  of  the  questions  as  given  above,  by  such  supple- 
mentary questions  as  in  their  judgment  are  considered  wise". 

Mr.  Williams. — I  rise  to  a  point  of  order.  That  amendment  is 
absolutely  unnecessary,  the  Board  can  do  it  anyway ;  and  it  is  an  insult 
to  the  Board  for  us  to  tell  them  they  may. 

Mr.  Keith. — It  has  been  stated  that  the  wording  of  the  questions 
as  presented  should  not  be  changed  one  iota.  Now,  it  seems  to  me  that 
that  would  be  very  unwise,  and  therefore  I  offered  the  resolution  which 


210  EEPORT  OF  THE  ANNUAL  MEETING        [Society  Affairs. 

I  did;  and  I  think  it  will  be  for  the  best  interests  of  all  if  this  reso- 
lution, or  something  covering  the  same  point,  should  be  carried. 

The  President. — I  doubt  if  a  resolution  of  that  kind 

Mr.  Talbot. — I  think  this  ought  to  be  cleared  up  in  some  way.  We 
have  in  the  record  two  different  statements,  some  of  them  from  the 
same  members,  to  the  effect  thet  these  questions  are  not  to  be  changed 
one  iota,  and  the  other  to  the  effect  that  they  may  be  changed 
if  it  be  considered  necessary.  Which  is  to  be  taken  as  the  action  of 
this  meeting? 

F.  J.  Sprague,  M.  Am.  Soc.  C.  E. — Additions,  not  changes. 

Mr.  Humphrey. — May  I  state,  as  the  mover  of  these  resolutions,  that 
these  questions  were  not  to  be  changed  if  approved  by  the  Meeting; 
but  it  was  not  intended  that  they  should  prevent  the  Board  of  Direction 
from  adding  such  additional  questions  to  be  sent  out  as  it  may  deem 
necessary. 

The  President. — I  think  it  is  perfectly  proper 

Mr.  Castle. — The  question  before  the  house  is  that  the  resolution 
of  Mr.  Humphrey  be  adopted  as  a  whole, 

(Motion  seconded.) 

Mr.  Rights. — I  believe  the  time  was  specified  when  the  Board  of 
Direction  must  send  out  these  questionnaires.  I  think  it  was  stated  as 
February  9th. 

Mr.  Humphrey. — Yes. 

Mr.  Rights. — It  seems  that  the  Board  in  preparing  other  question- 
naires was  not  preparing  any  explanatory  statements,  because  the  state- 
ment had  been  made  to  the  effect  that  that  could  not  be  done.  You 
have  just  listened  to  the  proposed  nomination  of  a  new  Committee  to 
consider  this;  and  it  seems  to  me  that  you  have  given  this  new  Com- 
mittee a  very  limited  time  for  its  work.  It  seems  to  me  that  the  time 
limit  ought  to  be  advanced,  especially  as  the  Annual  Convention  will 
not  occur  until  October,  and  no  action  relative  to  changes  in  the  Con- 
stitution can  be  taken  up  until  that  time. 

Mr.  Humphrey. — I  do  not  take  it  for  a  moment  that  the  questions 
are  going  to  amend  the  Constitution.  I  understood  the  Secretary  to 
say  that  they  could  not  probably  be  reached  until  October,  but  the  first 
step  is  to  find  out  the  temper  of  the  Society,  whether  they  want  such 
amendments  made  to  cover  these  things.  The  great  difficulty  in  our 
Society  is  delay  and  debate.  I  submit  that  the  questionnaires  can  be 
just  as  well  sent  out  and  prepared  in  the  time  stated  as  if  you  waited 
six  months.  We  have  the  other  Societies  to  consider.  The  mechanical 
and  electrical  engineers  are  ready.  Other  Societies  are  ready.  The 
Engineers'  Club  of  Philadelphia  has  adopted  this  plan.  The  Washing- 
ton Society  of  Engineers  has  adopted  this  plan.  The  Minnesota  Joint 
Board  has  adopted  this  plan.  Why  should  the  Society  be  forever  hold- 
ing up  these  resolutions  for  more  time? 
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The  President. — Let  me  say  that  the  time  is  quite  short  to  get 
this  thing  ready,  and  get  it  printed  and  sent  out.  It  is  a  fact,  as  Mr. 
Rights  says,  suppose  these  are  sent  out,  they  are  merely  answers,  they 
could  not  be  presented  to  any  meeting  until  October  anyway;  but,  in 
the  first  place,  you  tie  us  up  to  a  short  time  in  February  to  send  them 
out;  and  if  they  are  approved  as  a  whole  they  have  to  be  sent  out  at 
that  time,  no  matter  what  happens. 

Mr.  Humphreys. — May  I  ask  Mr.  Humphrey  if  he  would  think  it 
wise  in  the  interest  of  the  reform,  a  large  measure  of  which  I  am  thor- 
oughly in  favor  of,  to  extend  the  period  a  little,  so  that  the  Secretary 
would  be  willing  to  say  that  it  can  be  done? 

Mr.  Humphrey. — I  would  be  willing  to  extend  it  one  week. 

Mr.  Metcalf. — It  seems  to  me  that  in  order  that  there  may  be  no 
division  of  opinion  as  to  the  proper  interpretation  of  the  action  of  this 
Meeting,  and  to  give  voice  to  the  present  sentiment,  it  would  be  desir- 
able to  put  on  record  the  resolution  in  regard  to  the  authority  of  the 
Board.  It  does  not  seem  to  me  that  it  implies  any  discourtesy  to  the 
Board.  The  resolution  that  was  offered  seems  to  me  a  good  one  except 
in  one  respect,  that  in  its  verbiage  it  referred  to  the  foregoing 
resolutions. 

Now,  it  seems  to  me  that  the  authority  ought  to  be  a  little  broader 
than  that ;  and  I  have  framed  the  following  motion  which  I  should  like 
to  offer  in  substitution,  which  I  think  is  in  conformity  with  the  spirit 
of  the  statement  which  has  just  been  made  by  Mr.  Humphrey : 

"Moved  that  the  Board  of  Direction  be  authorized  to  prepare  and 
send  out  to  the  membership  such  additional  questions  as  may  appear 
to  it  necessary  to  give  the  fullest  opportunity  for  the  expression  of  the 
opinions  of  the  membership  upon  the  objects  sought,  the  proposals  sub- 
mitted and  that  may  be  submitted,  and  their  alternates." 

A  Member. — I  second  the  amendment  as  proposed  by  Mr.  Metcalf. 

Mr.  Humphrey. — I  hope  Mr.  Metcalf  will  not  press  the  motion  until 
afterwards.  I  shall  be  glad  to  second  it,  but  I  think  that  is  a  separate 
matter. 

Mr.  Metcalf. —  I  am  content  to  withdraw  it  until  later. 

Mr.  Rights. — I  see  the  possibility  of  two  sets  of  questionnaires :  one 
set  already  prepared  by  Mr.  Humphrey,  which  will  go  out  to  the  mem- 
bership on  the  day  specified,  and  another  set  which  might  be  prepared 
by  the  new  Committee  of  the  Board,  after  they  had  opportunity  to 
study  it;  and  it  seems  to  me  that  that  would  be  very  unhappy.  My 
suggestion  would  be — I  don't  know  that  I  want  to  offer  it  as  an  amend- 
ment, but  a  suggestion  to  Mr.  Humphrey  that  he  take  off  that  time 
limit. 

Mr.  Humphrey. — No,  I  want  to  make  it  clear  that  I  accept  one 
veek's  extension;  make  it  February  16th  for  the  date  the  question- 
naires are  to  be  sent  out;  to  be  canvassed  on  March  8th  and  March 
23rd;  not  earlier  than  March  8th,  nor  later  than  March  23rd. 
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Mr.  Williams. — Mr.  Chairman,  in  reply  to  Mr.  Rights  I  would 
like  to  say  that  it  seems  to  me  that  it  might  be  very  wise  if  these  ques- 
tions went  out  to  the  membership  before  the  other  questions  were 
ready.  The  membership  might  vote  them  all  down,  and  then  it  would 
not  be  necessary  to  send  out  any  more. 

The  Secretary. — These  dates  would  bar  quite  a  percentage  of  the 
membership  from  voting  on  a  very  important  matter  before  the  Society. 
I  do  not  know  exactly  what  it  is  now,  but  about  9  or  9^%  of  the  mem- 
bership of  this  Society  live  in  foreign  countries.  It  does  seem  to  me 
that  a  longer  time  should  be  allowed  between  the  sending  out  of  the 
questionnaire  and  the  receipt  of  the  final  count  on  the  ballot,  because 
the  real  question  is  the  time  of  getting  it  out,  and  not  the  time  of 
counting  it. 

Mr.  Humphrey. — May  I  ask  Dr.  Hunt  what  he  thinks  would  be  the 
time  needed? 

The  Secretary. — I  think  about  fifty  days.  ■ 

Mr.  Humphrey. — From  the  time  the  questionnaire  went  out? 

The  Secretary. — Yes,  sir. 

Mr.  Humphrey. — ^Isn't  that  a  long  time? 

The  Secretary. — That  is  the  rule  that  we  adopt  in  sending  out 
our  preliminary  list  of  members,  so  that  all  our  members  can  have  an 
opportunity  to  write  back  about  candidates. 

Mr.  Humphrey, — It  has  to  go  part  of  the  way  around  the  world  to 
get  to  some  of  the  members ;  isn't  that  a  small  percentage  ? 

The  Secretary. — It  is  rather  small,  but  quite  a  number  of  them, 
I  think,  would  not  have  an  opportunity 

Mr.  Humphrey. — Is  there  any  place  where  ten  days  would  not 
reach  any  member? 

The  President. — There  are  a  great  many  members,  I  think,  Mr. 
Humphrey,  who  do  not  get  their  mail  quite  as  quickly  as  some  others. 

The  Secretary. — I  only  make  that  point  because  the  point  has  been 
raised  by  members  of  the  Society  who  live  in  those  places  that  the 
ordinary  time  for  balloting,  even  for  officers,  is  sometimes  too  short 
for  them  to  get  in  their  votes. 

J.  H.  Granbery,  M.  Am.  Soc.  C.  E. — I  would  like  to  say  that  I  have 
myself  been  obliged  to  cable  word  to  the  Society  in  ordei*  to  get  it  there 
in  time  for  action. 

Mr.  Humphrey.— If  the  Secretary  states  that  fifty  days  is  the  rule 
of  the  Society,  I,  for  one,  do  not  want  to  violate  that  rule.  If  the 
other  gentlemen  here  are  ready  to  accept  February  16th  as  the  time 
when  the  questionnaire  must  go  out,  that  it  must  be  canvassed  within 
fifty  calendar  days — I  think,  in  order  that  this  may  be  earlier,  that  the 
dates  be  changed  to  read  as  follows :  I  offer  this  as  an  amendment,  that 
the  above  be  sent  out  on  or  before  February  16th,  and  that  it  be  can- 
vassed not  later  than  fifty  days  thereafter,  or  earlier  than  March  15th. 
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Mr.  Castle 1  believe  I  seconded  the  original  resolution.     I  accept 

that  amendment. 

Mr.  Davis. — That  does  not  comply  with  the  rule.  That  does  not  give 
fifty  days  for  the  correspondence. 

Mr.  Humphrey. — It  is  a  question  of  machinery. 

The  Secretary. — I  should  say  not  earlier  than  fifty  days  and  not 
later  than  sixty  days. 

Mr.  Hujiphrey. — All  right,  sir.    I  bow  to  that  decision. 

The  President. — The  question  is  on  the  vote  on  the  report  as  a 
whole.     All  in  favor  please  say  "aye".     Contrary,  'hio".     It  is  voted. 

Is  there  any  gentleman  who  has  new  business  to  present? 

Mr.  Metcalf. — I  move  you  that  the  Board  of  Direction  be  author- 
ized to  prepare  and  send  out  to  the  membership  such  additional  ques- 
tions as  may  appear  to  it  necessary  to  give  the  fullest  opportunity  for 
expression  of  the  opinions  of  the  membership  upon  the  objects  sought, 
the  proposals  submitted  and  that  may  be  submitted,  and  their  alterna- 
tives. 

Mr.  Humphrey. — I  second  the  motion. 

G.  Aertsen,  M.  Am.  Soc.  C.  E. — In  view  of  what  Mr.  "Williams  said 
about  that  being  superfluous,  would  it  not  be  better  to  use  the  word 
"requested"  instead  of  "authorized"  if  the  Board  of  Direction  can  do  it 
without  our  authority  ? 

Mr.  Metcalf. — All  right,  I  substitute  that  word  "requested". 

The  President. — You  have  heard  the  motion.  All  in  favor  please 
say  "aye" ;  contrary,  "no".    Motion  carried. 

Mr.  Sprague. — Mr.  Chairman,  at  a  meeting  of  the  American  Insti- 
tute of  Consulting  Engineers,  I  was  appointed  by  the  Chairman  one  of 
a  Committee  of  three,  the  other  two  members  being  Mr.  Cooley  and  Mr. 
Whinery,  to  present  the  fact  that  a  certain  resolution  had  been  passed, 
and  to  ask  co-operation  on  the  part  of  this  Society  in  an  important 
matter.  You  gentlemen  that  are  going  out,  I  am  going  to  ask  you  to 
postpone  your  going  out  for  five  minutes  on  a  matter  of  National 
importance  to  evei-ybody,  and  particularly  to  engineers. 

This  Society  today,  at  its  Annual  Meeting,  has  expressed  briefly  in 
no  uncertain  terms  the  necessity  of  getting  out  of  the  leading  strings 
in  which  we  have  been,  of  getting  away  from  the  narrow  Engineering 
and  Professional  view  which  has  so  long  governed  our  action,  to  get 
away  from  that  righteous  complaint  which  we  have  heard  made,  that 
engineers  have  had  no  voice,  but  only  lawyers,  in  the  framing  of  legis- 
lation and  the  passing  thereof. 

Many  of  the  members  of  this  Society  have  served  in  the  fighting 
forces  of  the  United  States  in  this  last  great  war ;  and  I  think  that  that 
war  has  aroused  the  conscience  and  broadened  the  views  of  men  so 
that  they  are  more  willing  to  take  part  in  the  public  and  civic  affairs  of 
this  country. 
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Today  we  are  in  the  presence  of  a  very  great  danger  of  demoraliza- 
tion to  the  fighting  forces  of  the  country  in  the  Navy  and  in  the  Army. 
That  is  particularly  illustrated  by  two  very  patent  facts.  Nearly  2  500 
regular  officers  of  the  Army,  and  nearly  500  regular  officers  of  the 
Navy,  to  say  nothing  about  the  reserve  officers  and  very  many  thousands 
of  skilled  and  enlisted  men  of  the  Navy,  have  resigned,  or  terminated 
their  connection.  Every  battleship  we  send  out  from  this  country  goes 
incompletely  manned.  The  flagship  Pennsylvania  left  the  Port  of  New 
York  with  a  crew  of  1 100  men,  of  which  over  50%  were  boys  under  18 
years  old,  without  the  slightest  knowledge  of  maritime  or  naval  affairs. 

Now,  the  great  trouble  has  been  the  lack  of  proper  compensation  of 
officers  and  men.  Officers  and  men  today  are  being  paid  at  the  rate  they 
were  paid  before  the  war.  They  do  not  belong  to  unions.  The  laws 
of  their  profession,  self-pride,  prevents  their  acting  as  a  unit  on  any- 
thing that  affects  their  pay  or  their  compensation.  But  every  man  here 
knows  that  the  very  things  that  affect  your  living  and  mine,  affect  in 
a  greater  degree  the  living  of  officers  who  are  shifted  from  place  to 
place,  as  military  and  naval  officers  are.  As  a  matter  of  fact,  they 
are  placed  in  a  situation  of  very  great  and  general  distress,  which  is 
demoralizing  the  Services. 

There  has  been  an  attempt  to  correct  this,  and  there  are  before 
Congress  two  bills  looking  in  some  way  to  ameliorate  this  condition. 
To  my  mind  it  is  a  necessity  for  the  people  of  this  country  to  maintain 
at  the  very  highest  state  of  efficiency  the  fighting  forces  of  the  country. 
Some  time  ago  I  was  in  correspondence  with  Floor  Leader  Mondell — 
and  I  have  had  a  great  deal  of  experience  in  an  altruistic  way  in  trying 
to  secure  aid  for  the  military  and  naval  service  of  this  country.  I 
want  to  express  the  opinion  that  both  in  Albany  and  Washington,  before 
the  House  of  Representatives  and  before  the  Senate,  I  have  been 
received  with  courtesy,  partly  because  I  was  an  engineer,  but  principally 
because  I  was  representing  the  United  States  Consulting  Board.  I  have 
been  received  with  a  courtesy  which  was  very  satisfactory  and  encourag- 
ing to  the  engineers  who  are  inclined  to  take  interest  in  public  affairs. 

In  talking  with  Mr.  Mondell,  he  made  the  statement  that  it  was 
necessary  to  curtail  the  expenses  of  the  country.  I  said  to  him,  "Mr. 
Mondell,  I  quite  agree  with  you,  but  you  are  in  no  different  position 
as  the  Floor  Leader  of  this  House  than  any  other  Floor  Leader  has 
been  in,  to  serve  well  your  party,  to  show  unity  and  efficiency  in  the 
promotion  of  bills  in  the  House,  to  conduct  public  business  precisely 
as  a  private  business  or  a  family  budget  is  conducted;  and  that  when 
outgo  becomes  greater  than  income,  to  cut  capital  expenditures,  wipe 
out  shallow  pools,  change  rapids  into  navigable  streams  and  supply 
public  buildings  for  the  winning  of  votes;  but  there  is  one  thing  you 
cannot  do,  and  that  is  sacrifice  the  efficiency  of  that  on  which  this 
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country  depends,  and  which  has  cost  this  country  so  many  billions  of 
dollars." 

I  found  that  I  was  the  only  civilian  in  the  United  States  outside 
of  Congress  that  took  the  trouble  to  go  to  Washington  to  help  that 
measure.  I  went  there  out  of  a  pure  desire  to  do  something  to  return 
to  the  Government  of  the  United  States  the  obligation  which  I  had 
received  in  being  educated  as  a  Naval  Officer  before  I  went  into  civil 
life.  It  cost  me  some  time  and  some  money,  but  it  is  a  great  deal  of 
satisfaction;  and  I  do  not  think  any  man  has  ever  received  a  warmer 
series  of  letters,  a  more  appreciative  series  of  letters,  from  Naval 
Officers  than  I  have  received,  to  express  the  thoughts  in  their  minds  of 
gratitude  that  anybody  in  civil  life  would  take  the  trouble  to  show  an 
interest  in  the  United  States  Navy. 

I  do  not  know  how  many  of  you  have  brothers  or  fathers  or  sons 
that  have  been  in  the  service  either  afloat  or  abroad;  but  those  of  you 
who  have  will  have  a  spirit  of  satisfaction  in  what  they  have  done; 
and  no  one  who  is  an  efficient  engineer  can  desire  to  see  any  deteriora- 
tion in  that  which  has  been  built  up. 

The  Naval  Consulting  Board,  some  time  ago,  when  I  appeared  be- 
fore it  in  Washington — this  Board  is  made  up  entirely  of  engineers — 
passed  unanimously  a  resolution  favoring  an  increase  in  the  compensa- 
tion of  officers  and  enlisted  men  for  the  five  Services,  the  Army,  the 
Navy,  the  Marine  Corps,  the  Coast  Guard  and  the  Public  Health 
Service.  And  day  before  yesterday  the  American  Institute  of  Con- 
sulting Engineers  passed  a  similar  resolution ;  and  I  promised  to  bring  it 
to  your  attention  and  to  request  your  co-operation  and  the  co-operation 
of  the  other  Societies ;  and  I  take  the  liberty  of  calling  your  attention 
to  one  or  two  facts. 

I  do  not  suppose  that  there  is  to-day  afloat  anywhere  in  the  world 
a  more  complicated  piece  of  mechanism  than  a  modern  battleship.  It 
is  not  only  a  ship,  it  is  a  transport,  a  cruiser,  a  battery,  a  hotel,  a  great 
social  organization,  and  it  carries  the  honor  of  the  country;  and  there 
are  no  men  in  our  Government  service  who  have  a  greater  demand  upon 
them,  or  a  greater  resjwnsibility  than  our  Naval  Officers  and  men. 

Mr.  Davis. — Mr.  Chairman,  I  see  some  of  the  members  of  the 
Board  are  leaving.  I  would  like  to  announce  that  immediately  upon 
the  adjournment  of  this  meeting  the  new  members  of  the  Board  of 
Direction  take  office  and  the  Board  is  requested  to  meet  immediately  in 
the  Board  Room  on  the  adjournment  of  this  meeting. 

Mr.  Sprague. — To  get  through  with  what  I  have  to  say,  I  want  to 
offer  the  following  resolution  for  action  at  this  meeting.  It  is  in  the 
spirit  of  what  has  already  been  said  here — the  desire  to  take  part  in 
public  affairs.  I  think  it  is  our  duty  as  citizens  to  support  what  is 
going  on  in  Washington. 
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Whereas:  The  members  of  the  Society  note  with  increasing  con- 
cern the  threatened  break-down  of  the  morale  and  efficiency  of  the 
military  and  naval  establishments  of  the  country,  a  fact  emphasized 
by  the  large  number  of  resignations  of  regular  Army  and  Navy  Officers, 
the  lack  of  re-enlistment  of  skilled  men  and  the  sending  to  sea  of  under- 
manned fleets — all  imperilling  national  safety  at  a  time  of  world  un- 
rest; and 

Whereas:  We  believe  this  condition  is  largely  due  to  that  short- 
sighted policy  which  has  denied  to  officers  and  men  of  both  Services 
proper  recognition  of  their  loyal  and  devoted  work  in  the  late  war,  and 
has  thus  far  refused  them  compensation  commensurate  with  that  de- 
manded by  and  paid  to  civilians  of  like  ability  and  comparable 
responsibilities;  be  it 

Resolved:  That  the  American  Society  of  Civil  Engineers  recognize 
and  appreciate  in  the  highest  degree  the  unselfish  devotion  of  our  fight- 
ing forces  ashore  and  afloat  at  a  time  of  great  national  emergency; 
and  in  order  that  their  morale  and  efficiency  may  be  maintained  in  the 
highest  degree  and  our  National  safety  conserved  against  any  emer- 
gency, strongly  urge  upon  their  representatives  in  Congress  the  impera- 
tive need  and  duty  to  make  such  provision  for  increases  of  compensation 
as  shall  meet  the  changed  plane  of  life  and  the  increased  costs  of  living; 
and  specifically  urge  that  without  delay  there  shall  be  passed  a  bill 
therefore  which  shall  be  in  its  terms  at  least  as  favorable  as  those  in 
Wadsworth  bill,  S.  3383,  for  increasing  the  pay  and  allowances  of  the 
commissioned  and  enlisted  personnel  of  the  Army,  Navy,  Marine  Corps, 
Coast  Guard  and  Public  Health  Services ;  and  be  it 

Resolved:  That  a  copy  of  these  resolutions  be  transmitted  to  the 
Secretaries  of  "War,  the  Navy  and  the  Treasury,  the  Chairmen  of  the 
Senate  and  House  Military  and  Naval  Committees,  and  the  floor  Leader 
of  the  House;  and  be  it 

Resolved:  That  a  copy  of  these  resolutions  be  also  transmitted  to 
the  Engineering  Council  and  to  the  three  National  Engineering 
Societies. 

Mr.  Williams. — I  second  that  motion. 

Mr.  Swain. — Might  I  ask  Mr.  Sprague  if  he  would  let  us  know  what 
the  total  increase  in  expense  is  estimated  to  be? 

Mr.  Sprague. — Yes,  sir,  if  the  Wadsworth  bill  is  passed,  I  have  the 
present  assurance  of  a  member  of  the  House  Naval  and  Military  Affairs 
Committee  that  it  will  mean  a  maximum  increase  of  about  31  per  cent. 
Our  cost  of  living  has  increased  about  80  or  85  per  cent.  The  officers 
are  modest  in  their  demands;  and  it  includes  a  provision,  if  things  go 
down,  making  it  possible  for  the  Government  to  decrease  that.  I  will 
tell  you  what  it  means  for  the  entire  Army  and  Navy,  commissioned 
and  warrant  officers,  active  and  retired,  and  for  all  enlisted  men  except 
those  of  the  first  grade  of  enlisted  men — it  is  one  cent  per  week  per 
inhabitant  of  the  United  States.     Are  they  worth  it,  or  are  we? 

Mr.  Swain. — What  is  the  total,  Mr.  Sprague  ? 

Mr.  Sprague.— About  $56  000  000. 
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Mr.  Gideon. — I  would  like  to  amend  this  motion  by  including  the 
civil  engineers  employed  in  the  War  Department  and  in  the  Navy. 

Mr.  Rights. — I  am  entirely  in  sympathy  with  the  campaign ;  but  it 
seems  to  me  a  bad  precedent  for  those  present  to  commit  the  entire 
Society. 

Mr.  Sprague. — Those  assembled  at  an  Annual  Meeting  in  New  York 
City. 

Mr.  Herschel. — I  would  like  to  call  Mr.  Sprague's  attention  to  the 
fact  that  Engineering  Council  meets  tomorrow,  and  represents  the  four 
Founder  Societies,  and  ask  him  if  he  would  not  rather  have  this  reso- 
lution before  the  four  Founder  Societies  than  before  only  one  of 
them. 

Mr.  Sprague Before  each  one  of  them  individually. 

The  President. — Gentlemen,  you  have  heard  the  motion.  All  in 
favor  say  "aye";  contrary,  "no".    Carried. 

F.  W.  Scheidenhelm,  M.  Am.  Soc.  C.  E. — I  want  to  propose  a  reso- 
lution directing  the  Board  of  Direction  of  the  Society  to  appoint  a  Com- 
mittee on  Water  Power  Development.  This  is  probably  a  propitious 
year  for  water  power  development,  and  yet  the  fact  that  a  bill  has  passed 
the  United  States  House,  and  has  passed  the  United  States  Senate,  and 
is  now  in  conference,  even  assuming  that  the  bill  comes  successfully 
through  Congress,  and  receives  the  approval  of  the  President,  will  not 
mean  that  water  power  development  will  go  ahead  as  it  should.  It 
takes  more  than  that. 

It  takes  an  educated  public  policy.  The  sale  of  securities  to  the 
public  is  necessary  if  development  is  to  go  ahead,  for,  in  general,  it  is 
the  public  that  furnishes  the  money.  Bankers  will  not  take  securities 
for  new  projects  unless  there  is  a  demand  on  the  part  of  the  public  for 
them.  In  that  the  Engineering  Profession,  and  in  particular  the  Civil 
Engineering  Profession,  can  be  of  great  service. 

Aside  from  the  provision  of  Federal  legislation  there  is  the  question 
of  State  legislation,  involving  streams  that  are  not  navigable,  and 
streams  that  are  not  on  public  lands.  There  is  much  to  be  done  in 
regard  to  States.  There  is  West  Virginia  with  a  law  that  needs  to  be 
amended.  New  York  State  is  floundering  around  without  any  water 
policy. 

There  is  this  one  other  feature  I  will  touch  on,  and  that  is  the  fact 
that  the  electrical  engineers  are  now  in  the  forefront  of  this  movement 
that  is  gradually  growing  for  increased  water  power  development. 
You  all  know  that  in  water  power  development  about  Y5%  of  the  work 
is  Civil  Engineering;  about  25%  is  Electrical  Engineering.  How 
much  of  the  talk  of  water  power  work  comes  from  civil  engineers? 
Mostly  you  will  find  it  is  the  electrical  branch  of  the  profession. 

I  think  it  is  entirely  in  accord  with  the  policy  as  evidenced  by  this 
meeting,  one  for  advance,  one  to  make  the  Society  of  greater  public 
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utility,  to  come  more  to  the  forefront  to  take  its  proper  place.  I  there- 
fore move  that  it  is  the  sense  of  this  meeting  that  the  Board  of  Direc- 
tion appoint  a  Special  Committee  on  Water  Power  Development. 

(Motion  seconded  and  carried.) 

Mr.  Davis. — The  hour  has  arrived  for  the  adjournment  of  this  meet- 
ing. After  adjournment  the  Board  of  Direction  is  requested  to  meet 
immediately  on  the  15th  floor  in  the  Board  Eoom. 

(Adjournment  is  moved  and  seconded.) 

The  President. — All  in  favor  of  the  motion  to  adjourn,  please  say 
"aye";  contrary,  "no".     Carried. 

Meeting  adjourned. 
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EXCURSIONS   AND   ENTERTAINMENTS  AT  THE 
SIXTY=SEVENTH  ANNUAL  MEETING 

Wednesday,  January  21st,  1920.— After  the  Business  Meeting, 
lunch  for  about  750  members  was  served  in  the  meeting  room  on  the 
5th    floor. 

At  9  p.  M.  the  Reception  to  the  President  was  held  on  the  15th 
floor  of  the  Engineering  Societies  Building,  with  dancing  after  9.30 
p.  M.  on  the  5th  floor.  There  was  an  attendance  of  about  300.  Sup- 
per was  served  after  11  p.  m.  in  the  rooms  of  the  Society  on  the 
15th  floor. 

Thursday,  January  22d,  1920.— The  day  was  devoted  to  an  excur- 
sion to  the  Port  of  Embarkation  of  the  United  States  Army  at  Hoboken, 
N.  J.,  and  the  Brooklyn  Navy  Yard. 

About  500  members  and  guests  assembled  at  Pier  3  at  10.30  a.  m. 
and  were  assigned  in  parties  to  the  guides  detailed  by  Maj.-Gen.  David 
C.  Shanks,  U.  S.  A.,  Commanding  General,  through  whose  courtesy 
the  visit  had  been  arranged.  In  a  most  interesting  address  describing  the 
activities  of  the  Port,  Maj.-Gen.  Shanks  mentioned  the  fact  that  17  years 
ago  to  a  day  the  members  of  the  Society  had  visited  the  same  piers, 
then  just  reconstructed  after  the  great  Hoboken  fire.  Gen.  Shanks  had 
a  copy  of  the  programme  then  issued  to  the  members.  After  visiting  the 
piers  and  the  post  office  for  soldiers'  mail,  the  United  States  Army 
Transport  President  Grant  was  inspected — a  ship  built  at  Belfast,  Ire- 
land, in  1907,  for  the  Hamburg-American  Line,  which  was  interned 
and  taken  over  in  the  fall  of  1917,  and  which  transported  nearly  40  000 
troops;  with  a  crew  of  305  officers  and  men,  the  total  troop  capacity 
was  5  000. 

I'lirough  the  courtesy  of  the  Emergency  Canteen  Service  of  the 
American  Red  Cross,  an  Army  luncheon  was  served  at  noon  in  the 
same  manner  in  which  2  500  000  soldiers  were  served  going  to  and 
coming  from  the  War.  Mess  kits  were  issued  as  the  members  formed 
in  line  and  passed  by  the  Red  Cross  workers  in  their  regulation  uni- 
forms. 

A  resolution  of  thanks  to  Maj.-Gen.  Shanks,  his  officers  and  the  Red 
Cross  workers,  was  unanimously  carried,  and  three  rousing  cheers  were 
given  for  the  members  of  the  Hoboken  Unit  and  Mrs.  Van  Ingen's 
Unit  of  the  Red  Cross. 

At  1.15  p.  M.  the  party  embarked  by  ferry  for  the  United  States 
Navy  Yard  at  Brooklyn,  N.  Y.,  passing  around  the  Battery,  and  view- 
ing Governors  Island,  the  East  River  docks  and  the  bridges  connecting 
New  York  and  Brooklyn. 

Arriving  at  the  Brooklyn  Navy  Yard,  the  party  was  divided  into 
small  groups,  under  the  guidance  of  Navy  Officers,  and  the  two  new 
ship  ways  in  process  of  construction,  the  new  Structural  Steel  Shop 
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and  Mould  Loft,  the  Forge  Shop,  the  Boiler  and  Machine  Shop,  the 
Boat  Shop,  the  Power  House,  the  Light  Machine  Shop,  and  the  four 
dry  docks  were  inspected. 

The  parties  were  conducted  through  the  U.  S.  S.  Tennessee,  a 
34  000-ton  electrically  driven  battleship  mounting  twelve  14-in.  gims 
in  four  turrets.  Although  it  was  the  center  of  the  greatest  construc- 
tion activity,  in  an  endeavor  to  complete  it  for  commission  about 
February  1st,  the  members  were  given  every  opportunity  to  inspect 
details. 

At  8.30  P.  M.  an  informal  smoker  was  held  on  the  5th  floor  of  the 
Engineering  Societies  Building,  at  which  about  580  members  and  guests 
were  present.  During  the  evening,  at  an  informal  meeting  presided 
over  by  President  Davis,  a  resolution*  expressing  the  feeling  of  those 
present  in  regard  to  the  retirement  of  Chas.  Warren  Hunt  as  Secre- 
tary was  unanimously  adopted. 

The  following  list  contains  the  names  of  923  members  of  various 
grades  who  registered  as  being  in  attendance  at  the  Annual  Meeting. 
The  list  is  incomplete,  as  some  members  failed  to  register,  and  it  does 
not  contain  the  names  of  any  of  the  guests  of  the  Society  or  of  indi- 
vidual members.  It  is  estimated  that  the  total  attendance  was  about 
1175. 

Abbott,  C.  P Elizabeth,  N.  J.  Atkinson,  G New  York  City 

Abbott,  H New  York  City  Atwater,  H.  C New  York  City 

Adams,  A Brooklyn,  N,  Y.  Atwood,  T.  C Baltimore,  Md. 

Adams,  E.  G New  York  City  Auryansen,  F Jamaica,  N.  Y. 

Aertsen  G Philadelphia,  Pa.  Austin,  W.  E New  York  City 

Aiken,  W.  A.  .Mamaroneck,  N.  Y.  Averill,  F.  L.  ..Washington,  D.  C. 
Alexander,  H.  J., 

White  Plains,  N.  Y.  Babcock,  W.  S New  York  City 

Alison,   T.   H Bayonne,  N.   J.  Backes,  W.  J.  .New  Haven,  Conn. 

Allen,  E.  Y New  York  City  Baker,  F.  A Newark,  N.  J. 

Allen,  F.  W. .  .  .-Mt.  Vernon,  N.  Y.  Baker,  P.  S Philadelphia,  Pa. 

Allen,  K New  York  City  Balcom,  H.  G New  York  City 

Alvord,  J.  W Chicago,  HI.  Baldwin,  A.  S Chicago,  111. 

Ammann,  C.  H.,  Baldwin,  W.  J,,.New  York  City 

South  Amboy,  N.  J.  Balleison,   L.   L.  .Brooklyn,  N.  Y. 

Andrews,  H.  S New  York  City  Ballinger,  W.  F.  .Philadelphia,  Pa. 

Archer,  A.  R New  York  City  Bamford,  W.  B Belmar,  N.  J. 

Armstrong,  R.  W.Waltham,  Mass.  Baptiste,  E.  E.  .Jersey  City,  N.  J. 

Ash,  W.  J Brooklyn,  N.  Y.  Bard,  G.  P Youngstown,  O. 

Ashbaugh,  L.  E. .  .New  York  City  Bardol,  F.  V.  E Buffalo,  N.  Y. 

Ashley,  C Honeoye,  N.  Y.  Barnes,  F.  E New  York  City 

Atkinson,  A. New  Brunswick,  N.  J.  Barnes,  O.  F..  .Jersey  City,  N.  J. 

*  See  page  140. 
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Barney,  S.  E.  .New  Haven,  Conn.  Boardman,  W.  H.  ..Newark,  N.  J. 

Barney,  W.  J New  York  City  Body  comb,  W.  C.  .New  York  City 

Barry,  E.  J Camp  Dix,  N.  J.   Boes,  E.  C East  Aurora,  N.  Y. 

Bassett,  H.  H.  .  .Worcester,  Mass.   Bogart,  J New  York  City 

Bassett,  W.  M.  ..Worcester,  Mass.    Bogert,  C.  L New  York  City 

Baucus,  W.  I. North  Adams,  Mass.  Boiler,  A.  P.,  Jr., 

Baum,  G Yonkers,  N.  Y.  East  Orange,  N.  J. 

Baylis,  E..  S Huntington,  N.  Y.  Bontecou,  D.  .Mamaroneck,  N.  Y. 

Bealian,  W Cleveland,  O.  Boorman,  KM...  .New  York  City 

Bean,  E.  D.  .  .White  Plains,  N.  Y.    Booth,  G.  W New  York  City 

Bean,    G.    L Philadelphia,    Pa.   Borough,  E.  W New  York  City 

Beer,  E.  M Brooklyn,  N.  Y.  Boughton,  W.  H., 

Beerbower,  D New  York  City  Poughkeepsie,  N.  Y. 

Beggs,  G.  E Princeton,  N.  J.  Bowen,  E.  W.  . .  .Philadelphia,  Pa. 

Belcher,  W.  E....New  York  City  Bower,  C.  P . . .  .  Germantown,  Pa. 

Belden,  E.  T Englewood,  N.  J.   Brace,  J.  H New  York  City 

Belden,  H.  A New  York  City  Brackenridge,  J.  C.New  York  City 

Belknap,  J.  M.  ..  .New  York  City  Bradley,  F.  E New  York  City 

Bellows,  S.  R Boston,  Mass.   Breed,  H.  E New  York  City 

Belzner,  T Brooklyn,  N.  Y.   Breitzke,  C.  F Boonton,  N.  J. 

Benedict,  F.  N.East  Oiange,  N.  J.   Brennan,  E.  M Albany,  N.  Y. 

Bensel,  J.  A New  York  City   Brennan,  J.  G Albany,  N.  Y. 

Benson,  O New  York  City   Brennan,  J.  L New  York  City 

Bentley,  J.  C Elizabeth,  N.  J.   Breuchaud,  J New  York  City 

Berger,  J New  York  City  Briggs,  W.  C Brooklyn,  N.  Y. 

Berle,  K New  York  City  Brinckerhoff,  A.  G., 

Besselievre,  E.  B.Philadelphia,  Pa.  Brooklyn,  N.  Y. 

Beswick,  J.  E.,  Bringhurst,  J.  H.Philadelphia,  Pa. 

New  Brighton,  N.  Y.  Brodie,  O.  L., 

Bettes,  C.  R..Far  Rockaway,  N.  Y.  West  New  Brighton,  N.  Y. 

Betts,  R.  T New  York  City   Brooks,  D.  W New  York  City 

Beugler,  E.  J New  York  City   Brown,  B.  S .Boston,  Mass. 

Binckley,  G.  S.  .Los  Angeles,  Cal.   Brown,  L.  F Brooklyn,  N.  Y. 

Bird,  H.   C Chester,  Pa.   Brown,  N.  F Philadelphia,  Pa. 

Bixby,  W.  H Chicago,  lU.   Brown,  T.  E New  York  City 

Black,  W.  M.  ..Washington,  D.  C   Brown,  W.  E New  York  City 

Blackwell,   P.   A Roanoke,  Va.  Brown,  W.  N.  .Washington,  D.  C. 

Blakeslee,  C.  B.New  Haven,  Conn.   Brownell,  L.  D Utica,  N.  Y. 

Blakeslee,  H.  L.New  Haven,  Conn.  Brush,  W.  W. ..  .New  York  City 

Blanchard,  A.  H.Ann  Arbor,  Mich.   Bryan,  C.  W New  York  City 

Blanchard,  M Chicago,  HI.   Buck,  H.  R Hartford,  Conn. 

Blanchard,  R.  K.  .New  York  City  Buck,  R.  S New  York  City 

Boardman,  C.  S Buffalo,  N.  Y.   Budd,  P.  H Summit,  N.   J. 

Boardman,  H.  S Orono,  Me.   Buehler,  W Chicago,  111. 

Boardman,  H  E.  .New  York  City  Buettner,  O.  G New  York  City 
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Burr,  W.  H New  York  City   Collier,  B.  C Allentown,  Pa. 

Burroughs,  H.  R.  .New  York  City   Collins,  T.  E Elizabeth,  N.  J. 

Burrowes,  P Russell,  Va.   Conant,  L.  C Allentown,  Pa. 

Burton,  W Montclair,  N.  J.  Conard,  W.  R.  ..  Burlington,  N.  J. 

Bush,  A.  L Philadelphia,  Pa.  Conger,  A.  A. ..  .Worcester,  Mass. 

Connelly,  J.  A New  York  City 

Cadwallader,  W.  L.New  York  City  Constant,  F.  H. .  .Princeton,  N.  J. 

Campbell,  C.  C.  .Philadelphia,  Pa.  Conway,  J.  S ...  Washington,  D.  C. 

Campion,  H.  T.  .Philadelphia,  Pa.  Cooley,  M.  E...Ann  Arbor,  Mich. 

Canaga,  G.  B.  .  .Philadelphia:,  Pa.    Coombs,  A.  W New  York  City 

Carmalt,  L.  J.  .New  Haven,  Conn.   Coombs,  S.  E New  York  City 

Carpenter,  F.  W.Wilmington,  Del.   Cooper,  S.  W Trenton,  N.  J. 

Carpenter,  S.  T.  M.  .Buffalo,  N.  Y.  Cox,  W.  J. ..  .New  Haven,  Conn. 

Carr,  A East  Orange,  N.  J.    Coyne,  H.  L Brooklyn,  N.  Y. 

Case,  J.  F New  York  City  Craig,  R.  H. . .  .Washington,  D.  C. 

Castle,  S.  N.  .New  Rochelle,  N.  Y.  Craigmile,  C.  J. . .  .Midvale,  N.  J. 

Castleman,  F.  L Pencoyd,  Pa.    Crane,  A.  S New  York  City 

Chadbourn,  W.  H.New  York  City  Craven,  A.  S.  ..  .Philadelphia,  Pa. 

Chambers,  R.  H. .  .New  York  City   Creager,  W.  P New  York  City 

Chase,  C.  F.  .New  Britain,  Conn.  Cresson,  B.  F.,  Jr.  .New  York  City 

Chase,  C.  E New  York  City  Creuzbaur,  R.  W.  .New  York  City 

Chase,  G.  H Fitchburg,  Mass.  Critchlow,  H.  T... Trenton,  N.  J. 

Chase,  J.  C.  .Derry  Village,  N.  H.  Crocker,  H.  S.  ..  .New  York  City 

Cherry,  A.  G Worcester,  Mass.    Crook,  J.  A Denver,  Colo. 

Chester,  J.  N Pittsburgh,  Pa.  Crooks,   C.  H....New  York  City 

Chorlton,  W.  H. .  .New  York  City   Cross,  W.  C Brooklyn,  N.  Y. 

Christian,  G.  L Yonkers,  N.  Y.    Crowell,  F.   S New  York  City 

Christie,  W.  W.  .Ridgewood,  N.  J.  Cuddeback,  A.  W.  .Paterson,  N.  J. 

Church,  E.  C New  York  City    Cullen,  J.  F Philadelphia,  Pa. 

Churchill,  J.  C... Oswego,  N.  Y.    Culyer,   T.   C New   York   City 

Clark,  A.  E New  York  City  Cimimings,  R.  A.  .Pittsburgh,  Pa. 

Clark,  G.  H New  York  City   Curtis,  C.  E Ithaca,  N.  Y. 

Clarke,  E.  W Baltimore,  Md.   Curtis,  F.  S Boston,  Mass. 

Clarke,  G.  C New  York  City 

Clarke,  St.  J Bogota,  N.  J.   Dahm,  S New  York  City 

Class,  C.   F Harrisburg,  Pa.  Dakin,  A.  H.,  Jr.  .New  York  City 

Closson,  E.  S Montclair,  N.  J.    Danforth,  G.  C Augusta,  Me. 

Clow,  P New  York  City   Davies,  J.  P New  York  City 

Cobb,  L.  R New  York  City   Davies,  J.  V New  York  City 

Codwise,  H.  R Brooklyn,  N.  Y.    Davis,  A.  P Washington,  D.  C. 

Coffin,  T.  de  L.  . .  .Katonah,  N.  Y.   Davis,  B.  H New  York  City 

Cole,  C.  L Meriden,  Conn.    Davis,  C New  York  City 

Cole,  H.  J Ossining,  N.  Y.  Davis,  J.  L., 

Cole,  H.  O New  York  City  Manchester  Center,  Vt. 

Coleman,  J.  F . . .  New  Orleans,  La.    Davison,  G.  S Pittsburgh,  Pa. 
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Dawley,  W.  M.  .Eutlierford.  N.  J.    Elcock,  C Elizabeth,  K  J. 

Day,  C.  I Troy,  N.  Y.    Elton,  H.  C Bridgeport,  Conn. 

Delson,  I Staten  Island,  N.  Y.   Elwell,  C.  C New  Haven,  Conn. 

Demarest,   I Madison,   IST.   J.    Emerson,  F.  C.  . .  .Cheyenne,  Wyo. 

Dennett,  R.  C.  ..  .New  York  City   Endemann,  H.  K.  .Jamaica,  N.  Y. 

Develin,  R.  G.  .  .Philadelphia,  Pa.   Everett,  M.  E. Newark,  N.  J. 

Devlin,  H.  S Brooklyn,  N.  Y.   Evers,  R New  York  City 

Dewey,  C.  L Allentown,  Pa. 

De  Witt,  P.  H Newark,  N.  J.   Fairchild,  J.  F., 

Diamant,  A.  H New  York  City  Mount  Vernon,  N.  Y. 

Dickerson,  O.  H Duluth,  Minn.   Fairchild,  S.  E.,  Jr., 

Dillenbeck,  C.  . .  .Philadelphia,  Pa.  Philadelphia,  Pa. 

Dimon,  D.  Y New  York  City   Fairlie,  J.  W.  . .  .Providence,  R.  I. 

Dirats,  J.  K Paris,  France,   ^ales,  A.  L Boston,  Mass. 

Disbrow,  C.  A.  ..  .New  York  City  ^'^^l^y'  J-  ^-  -Wlnte  Plains,  N.  Y. 
Donham,  B.  C....New  York  City  Farley,  M.  M....New  York  City 
Doron,  C.  S Brooklyn,  N.  Y.   Federlein,  W.  G., 

Dorrance,  W.  T.  ^^""^Z^^L  ^f 'Vf  \  .^-  J' 

New  Haven,  Conn.    Ferguson,  L.  R.  .Philadelphia,  Pa. 

Doten,  L.  S.  ..  .Washington,  D.  C.   Files,   T.  H New  York  City 

Doyen,  G.  E New  York  City  Fisher,  E.  A.  . .  .Rochester,  N.  Y. 

Doyle,  J.  S Baltimore,  Md.  Fitzgerald,  W.  E., 

Drane,  B.  S Charlotte,  N.  C.  ^ew  Brunswick,  N.  J. 

Dresser,  G.  L....New  York  City  Fitzmaurice,  E.  J., 

Drew,  CD New  York  City  Philadelphia,  Pa^ 

Drummond,  W.  W.,  Fletcher,  R Nyack,  N.  Y 

Fort  H.  g'.  Wright,  N.  Y.   Focht,  L Trenton,  N.  J. 

Duckwall,  A.  E....Scottdale,  Pa.   Fogg,  R.  J Bethlehem,  Pa. 

Dufour,  F.  I Boston,  Mass.  Follin,  J.  W.  ..  .Philadelphia,  Pa. 

Dunham,  W.  R.,  Jr,  Forbes,  F.  B New  York  City 

New  Haven,  Conn.   Ford,  F.  L New  Haven,  Conn. 

Durant,   A New  York  City   Ford,  H.  C New  York  City 

Durham,  H.  W.  . .  .New  York  City  Ford,  W.  H.  . .  .Philadelphia,  Pa. 

Durham,  L Scarsdale,  N.  Y.   Forrest,  C.  N Maurer,  N.  J. 

Dutton,  C.  H Providence,  R.  I.   Foss,  F.  E New  York  City 

Dykeman,  C.  F.  .Brooklyn,  N.  Y.   Foster,  E.  H New  York  City 

Fougner,  N.  K New  York  City 

Earle,  T Bethlehem,  Pa.   Fox,  E.  F.,  Jr Brooklyn,  N.  Y. 

Easby,  W.,  Jr. .  .Philadelphia,  Pa.    Fowler,  C.  E New  York  City 

Eddy,  H.  P Boston,  Mass.  Fowler,  C.  W., 

Eden,  A.  W.  A.  . .  .New  York  City  Spuyten  Duyvil,  N.  Y. 

Edwards,  D.  G.  ..  .Jamaica,  N.  Y.  Fox,  E.  F.,  Jr ....  Brooklyn,  N.  Y. 

Edwards,  J.  H New  York  City  Fox,  W.  F.Rockville  Center,  N.  Y. 

Edwards^  W.  R Baltimore,  Md.  Francis,  H.  N.  .Providence,  R.  I. 

Eide,  T.' New  York  City  Frank,  G.  S Laurel  Hill,  N.  Y. 


224  REPORT  OF  THE  ANNUAL  MEETING        [ Society  Aflf airs. 

Franklm,  B Philadelphia,  Pa.  Granbery,  J.  H. .  .New  York  City 

Eraser,  C.  E New  York  City  Grant,  J.  E Victoria,  B.  C. 

Eraser,  E.  A New  York  City  Gravell,  W.  H.  .Philadelphia,  Pa. 

Ereeman,  M.  H.  .New  York  City  Gray,  W New  York  City 

Erench,    A.    W.  .Worcester,    Mass.  Green,  C.  S New  York  City 

Erench,  H New  York  City  Greene,  C New  York  City 

French,  J.  B New  York  City  Gregory,  C.  E.  .East  Orange,  N.  J. 

French,  O.  B.  ..Washington,  D.  C.  Gregory,   J.   EL.  ..  .Baltimore,   Md. 

Frost,  G.  S Philadelphia,  Pa.  Groat,  B.  E Pittsburgh,  Pa. 

Fuller,   A.   H Easton,   Pa.  Grove,  W.  G New  York  City 

Fuller,  G.  W New  York  City  Grover,  N.  C.  .Washington,  D.  C. 

Fuller,  M.  E New  York  City  Gunby,  E.  M Boston,  Mass. 

Gunther,  C.  O Hoboken,  N.  J. 

Gale,  C.  S Dover,  Del. 

Gamsu,  E.  C New  York  City  Hackenberg,  J.  O., 

Gandolfo,  J.  H New  York  City  Wilmington,  Del. 

Gardiner,  J.  de  B.  W.,  Haefner,  C.  W.  .Mt.  Vernon,  N.  Y. 

New  York  City  Hager,  A.  B New  York  City 

Gardner,  H.  C Lancaster,  Pa.  Haggard,  H.  H.  .New  York  City 

Gardner,  W New  York  City  Hale,  H.  M New  York  City 

Garfield,  C.  A.  .  .Bronxville,  N.  Y.  Hall,  N.  W New  York  City 

Gaston,  L.  P New  York  City.  Halsey,  W.  H.  Southampton,  N.  Y. 

Gatens,  E.  S Newark,  N.  J.  Hamilton,  J.  W.  .  .New  York  City 

Gandell,  D.  S.,  Jr.  .Pottstown,  Pa.  Hamilton,  P.  D.  G., 

Gibbs,  G New  York  City  Needham,   Mass. 

Gideon,  A Manila,  P.  I.  Hammond,  H.  P.  .Brooklyn,  N.  Y. 

Giesting,  F.  A New  York  City  Hanavan,  W.  L.  .New  York  City 

Gifford,   G.  E....New  York  City  Hanique,  J.  E., 

Gildersleeve,  A.  C.New  York  City.  San   Francisco,    Cal. 

Gilman,  C New  York  City  Harby,  I New  York  City 

Glaeser,  F Trenton,  N.  J.  Hardesty,   S. . .  .Kansas  City,  Mo. 

Glover,   P.   H.  ..  .Harrington,  Me.  Harding,   H.    S., 

Goedecke,  W New  York  City  Pelham  Manor,  N.  Y. 

Goldmark,  H New  York  City  Harding,  E.  S. 

Goldsborough,  J.  B.,  San   Antonio,    Tex. 

New  York  City  Haring,  A New  York  City 

Goodell,  J.  M.,  Harlow,    G.   E.  .Philadelphia,   Pa. 

Upper  Montclair,  N.  J.  Harris,  B.  B New  York  City 

Goodman,  S.  S New  York  City  Harris,  S Philadelphia,  Pa. 

Goodwin,  E.  E,  .Weehawken,  N.  J.  Harte,  C.  E.  . .  .New  Haven,  Conn. 

Gotwals,  J.  C. . .  .Norristown,  Pa.  Harwi,  S.  J Bayonne,  N.  J. 

Gould,  E.  E New  York  City  Haskins,  W.  J.  . .  .New  York  City 

Gould,  W.  T.,  Hatch,  F.  N New  York  City 

Hastings-on-Hudson,  N.  Y.  Hauck,  W New  York  City 

Graham,  E.  E. . .  .Yonkers,  N.  Y.  Hawgood,  H.  ...Los  Angeles,  Cal. 
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Hayford,  J.  F.  .  f . .  .Evanston,  111. 

Hazen,  A New  York  City 

Hazen,  W.  N Orange,  N.  J. 

Heiser,   A.   B Brooklyn,   N.  Y. 

Heiser,  W.  J.  ..  .Brooklyn,  N.  Y. 
Heller,  J.  W.  .South  Orange,  N.  J, 
Hellyer,  H.  A.  C.  .Tenafly,  N.  J. 
Henderson,  A.  E., 

Jersey  City,  N.  J. 
Hennebique,  J.  J., 

New  York   City 

Henny,  D.   C Portland,  Ore. 

Hermanns,  F.  E.  .Hoboken,  N.  J. 

Herscbel,   C New  York  City 

Hewes,  V.  H. . .  .Bridgeport,  Conn. 
Hewett,  B.  H.  M.  .New  York  City 

Hewitt,  G New  York  City 

Higgins,  C.  H.  ..  .New  York  City 
Higgins,  J.  W.  .New  York  City 
Hildreth,  J.  L.,  Jr.  .Bayonne,  N.  J. 

Hiles,  E.  K ...  .Pittsburgh,  Pa. 

Hirst,  A New  York  City 

Hitchcock,  F.  C.  ..New  York  City 

Hjorth,  L.  R New  York  City 

Hodgdon,  B.  A., 

East  Orange,  N.  J. 
Hodgman,  B.  B.  .New  York  City 
Hoerner,  C.  G.  . .  .Phoenicia,  N.  Y. 

Hogan,  J.  P New  York  City 

Hohl,  A.  K Philadelphia,  Pa. 

Holbrook,  A.  R New  York  City 

Holbrook,  F.  D Decatur,  111. 

Holden,  C.  A.  .New  Rochelle,  N.  Y. 

Holden,  C.  A Hanover,  N.  H. 

Holdredge,  N.  C.  .Laurens,  N.  Y. 
Holland,  CM...  .Brooklyn,  N.  Y. 
Hollyday,  B.  C. . .  .New  York  City 
Hoover,  A.  P.  ..  .Montclair,  N.  J. 

Horton,  T Albany,  N.  Y. 

Hovey,  O.  E New  York  City 

Howard,  E.  H., 

Framiiigham,  Mass. 
Howe,  C.  E., 

Hastings-on -Hudson,  N.  Y. 
Howell,  W.   A Newark,   N.   J. 


Howes,  B.  A New  York  City 

Howes,  D.  W New  York  City 

Hoyt,  J.  C Washington,  D.  C. 

Hoyt,  W.  A Altoona,  Pa. 

Hoyt,  W.  H Duluth,  Minn. 

Hubbell,  G.  S New  York  City 

Hudson,  C.  W New  York  City 

Hudson,  H.  W New  York  City 

Hulbert,  E.   C Pittsburgh,  Pa. 

Hulsart,  C.  R New  York  City 

Humphrey,  R.  L., 

Philadelphia,  Pa. 
Humphreys,  A.  C.  .New  York  City 
Humphreys,  E.  S.  .New  York  City 

Hunt,  C.  A Brooklyn,  N.  Y. 

Hunt,  C.  E New  York  City 

Hunt,  Chas.  Warren, 

New  York  City 

Hunt,  R.  W Chicago,  111. 

Hunt,  W.  H New  York  City 

Hurd,  H.  L.  .White  Plains,  N.  Y. 
Hurlbut,  C.  C....New  York  City 

Hutchins,  E New  York  City 

Hyatt,  C New  York  City 

Hyde,  H.  E Ithaca,  N.  Y. 

Hyman,  A.  D New  York  City 

Hyman,  H.  A.  .Woodmere,  N.  Y. 

Jackson,  J.  F.  .New  Haven,  Conn. 
Jacobosky,  G.  G., 

Wilkes-Barre,  Pa. 

Jacobs,  R.  H New  York  City 

Jaques,  J.  D.  . .  .Philadelphia,  Pa. 

Jarrett,  E.  S New  York  City 

Johannesson,  S., 

Upper  Montclair,  N.  J. 

Johnson,  A.  N Chicago,  HI. 

Johnson,  G.  A.  .Washington,  D.  C. 

Johnson,  H Middletown,  N.  Y. 

Johnston,  J.  A., 

Springfield,   Mass. 

Johnston,  J.  H Atlanta,  Ga. 

Jones,  J Philadelphia,  Pa. 

Jones,  S.  R New  York  City 

Jordan,  L.  C.  .New  Rochelle,  N.  Y. 
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Karner,  W.J New  York  City 

Keefe,  D.  A Athens,  Pa. 

Keefer,  C.  H Ottawa,  Canada 

Keith,  H.  C New  York  City 

Kelly,  H.  A New  York  City 

Ketcham,  V.  O.  .Wilmington,  Del. 
Ketchuni,  M.  S.  .Philadelphia,  Pa. 

Khuen,  E,.,  Jr Pittsburgh,  Pa. 

Kienle,  J.  A New  York  City 

Kimball,  F.  C Summit,  N.  J. 

Kingsley,  G New  York  City 

Kinsey,  W.  A Newark,  N.  J. 

Kircher,  P New  York  City 

Kirkwood,  H.  C. .  .Flushing,  N.  Y. 
Kittredge,  G.  W. .  .Yonkers,  N.  Y. 
Knickerbocker,  C.  E., 

New  York  City 

Knight,  E.  K New  York  City 

Knight,  H.  M Montclair,  N.  J. 

Knighton,  J.  A.  . .  .New  York  City 

Knox,  S.  B New  York  City 

Koch,  E.  L Camden,  N.  J. 

Kraus,  A Glen  Kidge,  N.  J. 

Krause,  M.  C. .  .  .W^illiamsport,  Pa. 

Krellwitz,  D.  W Newark,  N.  J. 

Kurtz,  F New  York  City 

Lamb,  E.  A Albany,  N.  Y. 

Lamson,  W.  M Brooklyn,  N.  Y. 

Lance,  J.  H W^ilkes-Barre,  Pa. 

Landreth,  O.  H New  York  City 

Lang,  P.  G.,  Jr.  .Baltimore,  Md. 
Langthorn,  J.  S.  .  .New  York  City 
Larsson,  C.  G.  E., 

Plainfield,  N.  J. 
Latimer,  C.  A.  .  .Elizabeth,  N.  J. 
Lawrence,  R.  J.  .  .Philadelphia,  Pa. 

Lawton,  F.  T Jamaica,  N.  Y. 

Leavitt,  C.  W New  York  City 

Lee,  E.  H Chicago,  111. 

Lee,  E.  M Paterson,  N.  J. 

Leighton,  M.  O., 

Washington.  D.  C. 

Leister,  S.  H Philadelphia,  Pa. 

Leland,  O.  M Ithaca,  N.  Y. 


Lemen,  W.  C •.  .New  York  City 

Leon,  H.  M Brooklyn,  N.  Y. 

Leonard,  H.  R.  .  .Philadelphia,  Pa. 
Lesley,  R.  W. ..  .Philadelphia,  Pa. 

Letson,  T.  H New  York  City 

Levine,  L.  M New  York  City 

Lex.   W.   I Philadelphia,   Pa. 

Lindholm,  C.  B. .  .Pittsfield,  Mass. 
Lindsey,  A.  R. .  .Philadelphia,  Pa. 

Linton,  H Baldwin,  N.  Y. 

Little,  J.  G. . Leonia,  N.  J. 

Lobo,  C New  York  City 

Lockwood,  W.  D., 

Philadelphia,  Pa. 
Loewenstein,   J.  .  .New  York  City 

Logan,  J Mt.  Holly,  N.  J. 

Loughran,  J.  F. .  .Kingston,  N.  Y. 

Lowinson,  O New  York  City 

Lucas,  G.  L New  York  City 

Lucius,  A New  York  City 

Luhrs,  A.  W. .  .Jersey  City,  N.  J. 

Lundie,  J New  York  City 

Lynde,  C Walden,  N.  Y. 

MacDonald,  C, 

White  Plains,  N.  Y. 
MacGlashan,  A.  .Jersey  City,  N.  J. 
MacGregor.  R.  A.  .New  York  City 
Machen,  H.  B. .  .Washington,  D.  O. 

Macy,  E.  C Hog  Island,  Pa. 

Macy,  F.  H Albany,  N.  Y. 

McCarthy,  D.  F.  .Bronxville,  N.  Y. 
McClintock,  J.  R.  .New  York  City 
McConnell,  I.  W. .  .New  York  City 
McDanel,  M.  S., 

Wilmington,  N.  C. 
McDowell,  F.  F.  .New  York  City 

McGrew,  A.  B Pittsburgh.  Pa. 

Mclntyre,  W.  A., 

East  Orange,  N.  J. 

McLean,  A Brooklyn,  N.  Y. 

McMillan,  F.  R.  .Philadelphia,  Pa. 
McMinn,  T.  J.  .Bridgeport,  Conn. 
McNab,  W Montreal,  Canada 
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McNaughton,  W.  C, 

New  York  City 

McNeal,  J..- Easton,  Pa. 

McPike,  M.  J ...  Brooklyn,  N".  Y. 

Main,  C.  T Boston,  Mass. 

Manley,  H.,  Jr.  .Elrahurst,  N.  Y. 
Manley,   L.  B.  .  .Philadelphia,  Pa. 

Marston,   A Ames,   la. 

Martin,  B.  C, Hudson,  N.  Y. 

Martin,  J New  York  City 

Mason,  F New  York  City 

Matlaw,  I.  S New  York  City 

Mattimore,  H.  S. .  .Harrisburg,  Pa. 

Mead,  C.  A Newark,  N.  J. 

Mead,  E Berkeley,  Cal. 

Meadowcroft,  W. .  .New  York  City 

Mebus,  C.  F Philadelphia,  Pa. 

Mehren,  E.  J New  York  City 

Meigs,  J Philadelphia,  Pa. 

Melick,  N.  A Newark,  N.  J. 

Melius,  L.  L New  York  City 

Menefee,  E.  N.  .Ann  Arbor,  Mich. 

Mercer,  C.  H Bethlehem,  Pa. 

Merriman,  M New  York  City 

Merriman,  R.  M..  .New  York  City 
Merryman,  W.  C.  .New  York  City 

Metcalf,  L Boston,  Mass. 

Miller,  A.  B Montclair,  N.  J. 

Miller,  M.  M New  York  City 

Miner,  J.  H New  York  City 

Mitchell,  S.  P.  .  .  .Philadelphia,  Pa. 

Modjeska,  E. Chicago,  111. 

Moeller,  H.  L Hoboken,  N.  J. 

Mogensen,  O.  E. .  .New  York  City 

Molina,  V New  York  City 

Moore,  C.  H New  York  City 

Moore,  E.  J Yonkers,  N.  Y. 

Moore,  F.  C New  York  City 

Moore,  F.  F New  York  City 

Moore,  W.  H . . .  New  Haven,  Conn. 
Morse,  C.  F. .  .Good  Ground,  N.  Y. 
Moss,  R.  E...Glen  Ridge,  N.  J. 
Moss,  W.  B.  .Tompkinsville,  N.  Y. 

Mowlds,  E Edge  Moor,  Del. 

Moyer,  A New  York  City 


Muirhead,  J.  H.  H., 

New  York  City 

Nelson,  A.  H.  .Atlantic  City,  N.  J. 

Nelson,  F.  B New  York  City 

Nelson,  J.  \Y New  York  City 

Nelson,  "W Laconia,  N.  H. 

Newcombe,  W.  T Easton,  Pa. 

Newell,  H.  E New  York  City 

Newkirk,  S.  F.,  Jr., 

Glen  Ridge,  N.  J. 

Nial,  W.  A Troy,  N.  Y. 

Nichols,  C.  H.  .New  Haven,  Conn. 
Nichols,  W.  S..  .Philadelphia,  Pa. 

Nixon,  C Washington,  D.  C. 

Noble,  F.  C New  York  City 

Norcross,  P.  H Atlanta,  Ga. 

Norelius,  L.  M. .  .Philadelphia,  Pa. 
Norris,  W.  H Portland,  Me. 

O'Connor,  J.  A Albany,  N.  Y. 

Odell,  F.  S. . .  .Port  Chester,  N.  Y. 

Ogden,  H.  N Ithaca,  N.  Y. 

Ogden,  J.  C New  York  City 

Okubo,  T New  York  City 

Okun,  A.  H Brooklyn,  N.  Y. 

Orlian,  I Philadelphia,  Pa. 

O'Rourke,  F.  H.  .Philadelphia,  Pa. 
O'Rourke,  J.  F. .  .New  York  City 
Orrok,  G.  A .  . .  Willimantic,  Conn. 

Osborn,  I.  S Cleveland,  O. 

Ott,   S.  J Rutherford,   N.   J. 

Owen,  E.  H. ..  .Bridgeport,  Conn. 

Paaswell,  G New  York  City 

Paddock,  H.  C Caldwell,  N.  J. 

Palmer,   G.   B. .  .Philadelphia,  Pa. 

Pardee,  J.  T Cleveland,  O. 

Parker,  C.  J New  York  City 

Parker,  W.  P.  . .  .Philadelphia,  Pa. 

Parlin,  R.  W New  York  City 

Parmley,  W.  C New  York  City 

Parsons,  H.  de  B. .  .New  York  City 
Patterson,  0.  A., 

Torrington,  Conn. 


328  REPORT  OF  THE  AXXUAL  MEETIXG        [Society  Affairs. 

Payrow,  H.  G Bethlehem,  Pa.   Quiiicy,  C.  F New  York  City 

Peck,  L.  F Hartford,  Conn.   Quincy,  E.  B New  York  City 

Pegram,  G.  H New  York  City 

Peiser,  F Paterson,  N.  J.    Ralston,  J.  C Spokane,  Wash. 

Pellissier,  G.  E.  . .  .Holyoke,  Mass.   Randorf,  C.  A Buffalo,  N.  Y. 

Pendergrass,  R.  A.,  Rankin,  E.   S Newark,  N,  J. 

Philadelphia,  Pa.   Reeves,  W.  F New  York  City 

Pendlebury,  E.  .  .Arlington,  N.  J.   Reichmann,  A Chicago,  111. 

Perkins,  A.  H Albany,  N.  Y.   Reid,  H.  A. , .  .Warren,  O. 

Perkins,  Alva  H.,  Reimer,  A.  A. .  .East  Orange,  N.  J. 

St.  Augustine,  Fla.    Reppert,  CM Pittsburgh,  Pa. 

Perkins,  E.  T Chicago,  111.   Requardt,  G.  J Baltimore,  Md. 

Perrine,  G New  York  City   Reynolds,  J.  O New  York  City 

Perry,  F.  W Brooklyn,  N.  Y.    Rhett,  A.  H New  York  City 

Perry,  Lynn Easton,  Pa.  Richmond,  W.   S., 

Philips,  J.  H. .  .Glen  Ridge,  N.  J.  Philadelphia,  Pa. 

Phillips,  A.  E.  .Washington,  D.  C.   Ricketts,  A.  T Wyoming,  N.  J. 

Phillips,  A.  L. .  .Philadelphia,  Pa.   Ridgway,  R New  York  City 

PhilH])s.  J.  M Boonton.  N.  J.   Rights,  L.  D New  York  City 

Picken,  M.  W New  York  City  Rindsfoos,  C.  S. .  .New  York  City 

Pierce,  C.  A Brooklyn,  N.  Y.   Robbins,  D.  W Utica,  N.  Y. 

Pierce,  C.  H Boston,  Mass.   Robbins,  F.  H New  York  City 

Pinner,  G New  York  City  Roberts,  L.  B. .  .Washington,  D.  C. 

Pohl,   C.   A New  York  City  Roberts,  R.  F New  York  City 

Pollock,  C.  D Brooklyn,  N.  Y.  Roberts,  W.  W.,  Jr., 

Poole,  C.  A Rochester,  N.  Y.  Brooklyn,  N.  Y. 

Poore,  H.  C.  .East  Braintree,  Mass.  Robinson,   E.   F., 

Porter,  G.  F.  .Walkerville,  Canada  Newport  News,  Va. 

Porter,  J.  E Yonkers,  N.  Y.  Robinson,  E.  W. .  .New  York  City 

Porter,  J.  M Easton,  Pa.    Robinson,  R.  M Hudson,  N.  Y. 

Potter,  A New  York  City   Rodman,  G.  E New  York  City 

Potts,  C New  York  City  Rogers,  E.  H.  .West  Newton,  Mass. 

Powell,  C.  U Flushing,  N.  Y.   Rohrer,  J.  B Lancaster,  Pa. 

Pratt,  A.  H Newark.  N.  J.  Rose,  R.  V. .  .Niagara  Falls,  N.  Y. 

Pratt,  E.  A Philadelphia,  Pa.    Ross,  R.  J Hartford,  Conn. 

Prentis,  E.  A.,  Jr.  .New  York  City   Rourke,  L.  K Roxbury,  Mass 

Pratt,  F.  E Altoona,  Pa.   Rowland,  W New  York  City 

Preston,  H.  W Elmira,  N.  Y.  Ruckes,  J.  J.,  Jr.  .New  York  City 

Price,  P.  L Hempstead,  N.  Y.  Rugg,  W.  F. .  .White  Plains,  N.  Y. 

Priest,  B.  B New  York  City  Ryder,  E.  M.  T. .  .Yonkers,  N.  Y. 

Proctor,  R.  F Baltimore,  Md. 

Purdy,  C.  T Monroe,  N.  Y.    Sabin,  A.  H New  York  City 

Purver,  G.  M Brooklyn,  N.  Y.    Sackett,  A.  J Newark,  N.  J. 

Sackett,  R.  L . .  .  State  College,  Pa. 

Quimby.  H.  H. .  .Philadelphia,  Pa.    Sacks,  S.  I Philadelphia,  Pa. 

Quimby,  J.  H New  York  City    Sanborn,  F.  B Boston,  Mass. 


Febriiar\.  ]!)20.J        rePUHT  Ol'  THE  AXXUAL  MEETIXG 


229 


Sanborn,  J.  F ISTew  York  City 

Sands,  E.  E New  York  City 

Sargent,  E.  H Albany,  X.  Y. 

Sargent,  P.  D Augusta,  Me, 

Sartz,  J.  P New  York  City 

Saunders,  K.  S., 

College  Point,  K  Y. 

Saville,  C.  M Hartford,  Conn. 

Sayers,  E.  L New  York  City 

Schall,  E.  E Bethlehem,  Pa. 

Scheidcnhelni,  F.  W., 

New  York  City 
Scherinerhorn,  R,  .New  York  City 

Schmid,  E.  E. New  York  City 

Schreiber,   ]\I Newark,   N.   J. 

Scluisler,  G.  W Pittsburgh,  Pa. 

Schwarze,  C.  T.  . .  .New  York  City 
Schweizer,  R., 

Ridgefield  Park,  N.  J. 

Scott,  W.  V Flushing,  N.  Y. 

Scrimshaw,  J.  F.  .Arlington,  N.  J. 
Seabury,  G.  T. .  .Providence,  R.  I. 

Seaman,  H.  B New  York  City 

Seaman,  W.  L. .  .Glen  Cove,  N.  Y. 

Searle,  CD New  York  City 

Senior,  F.  S.  .  .Montgomery,  N.  Y. 

Serber,  D.  C New  York  City 

Shaffer,  I.  O Brooklyn,  N.  Y. 

Shailer,  R.  A Boston,  Mass. 

Shaughnessy,   C.   S., 

New  York  City 

Shaw.  G.  H Philadelphia,  Pa. 

Shenehon,  F.  C, 

Minneapolis,  Minn. 
Sherman,  H.  J... Camden,  N.  J. 
Sherrerd,  M.  R. .  .Newark,  N.  J. 
Sherron,  G.  A. .  .Philadelphia,  Pa. 
Shoemaker,  L.  H.  .Pittsburgh,  Pa. 

Shute,  J.  S Philadelphia,  Pa. 

Sikes,  Z.  H Yonkers,  N.  Y. 

Silliman,  C Washington,  D.  C. 

Simpson,  J.  T Newark,  N.  J. 

Singstad,  O Brooklyn,  N.  Y. 

Sitt,  W.  T New  York  City 

Skillin,  E.  S New  York  City 


Skinner,  F.  F. .  .Mt.  Vernon,  N.  Y. 
Skinner,  J.  F. . .  .Rochester,  N.  Y, 

Sloan,  S.  A Philadelphia,  Pa. 

Sloan,  W.  G New  York  City 

Smith,  A Roselle,  N.  J. 

Smith,  B.  L Baltimore,  Md. 

Smith,  E.  U Philadelphia,  Pa. 

Smith,  J.  R Bethlehem,  Pa. 

Smith,  J.  W New  York  City 

Smith,  M.  H New  York  City 

Smith,  R.  B New  York  City 

Smoley,  C.  K Scranton,  Pa. 

Smoyer,  L.  I . .  .  Woodhaven,  N.  Y. 

Snell,  T.  C.  B Newark,  N.  J. 

Snow,  J.  B... Forest  Hills,  N.  Y. 

Snyder,  F.  A Summit,  N.  J. 

Snyder,  G.  D New  York  City 

Soest,  H.  C New  York  City 

Solomon,  G.  R. .  .New  York  City 

Soper,  G.  A New  York  City 

Spear,  W.  E Merrick,  N.  Y. 

Spencer,  H New  York  City 

Sperry,  H.  M New  York  City 

Spivey,  W.  T Philadelphia,  Pa. 

Sprague,  N.  S Pittsburgh,  Pa. 

Stark,  C.  W. Yonkers,  N.  Y. 

Starr,  H.  H Philadelphia,  Pa. 

Stearns,  R.  H Boston,  Mass. 

Stehle,  F.  C Towanda,  Pa. 

Stein,  J.  B Yonkers,  N.  Y. 

Steinman,  D.  B.  .  .New  York  City 

Stepath,    C Brooklyn,   N.   Y. 

Stern,  E.  W New  York  City 

Stevens,  C.  H. .  .  .Philadelphia,  Pa. 
Stevens,  E.  W. .  .Jersey  City,  N.  J. 

Stevens,  H.  C New  York  City 

Stevenson,  W.  F., 

New  Rochelle,  N.  Y. 
Stewart,  S.  J.  .Camp  Upton,  N.  J. 
Stieve,  W.  M. .  .Washington,  D.  C. 

Stiles,  A.  I New  York  City 

Stoddard,  R.  F Milford,  Conn. 

Storey,  F.  W New  York  City 

Stowe,  H.  C Brooklyn,  N.  Y. 

Stowitts,  G.  P Yonkers,  N.  Y. 


230 


REPORT  OF  THE  ANNUAL  MEETING        [Society  Affairs. 


Strachan,  J Brooklyn,  N.  Y. 

Strehan,  G.  E New  York  City 

Strobel,  C.  L Chicago,  111. 

Strong,  J.  B Hillburn,  N.  Y. 

Stnart,  F.  L New  York  City 

Stuart,  J.  T Philadelphia,  Pa. 

Sturdevant,  J.  H., 

Poughkeepsie,  N.  Y. 
Swaab,    S.   M. .  .Philadelphia,   Pa. 

Swain,  G.  F Boston,  Mass. 

Swezey,  E.  E., 

Clinton  Corners,  N.  Y. 
Swindells,  J.  S. .  .Brooklyn,  N.  Y. 

Taber,  G.  A Brooklyn,  N.  Y. 

Tait,  H. .  .Long  Island  City,  N.  Y. 

Talbot,  A.  N Urbana,  111. 

Talbot,  E Englewood,  N.  J. 

Tallman,  L Brooklyn,  N.  Y. 

Taylor,  C.  F New  York  City 

Taylor,  E.  A Worcester,  Mass. 

Taylor,  M.  P. .  .San  Antonio,  Tex. 

Taylor,  W.  G Newark,  N.  J. 

Tenney,  W.  R Brooklyn,  N.  Y. 

Terry,  A.  H Bridgeport,  Conn. 

Terry,  J.  H Philadelphia,  Pa. 

Thacher,  E New  York  City 

Thackray,  G.  E. .  .Johnstown,  Pa. 

Thayer,  N.  A New  York  City 

Thomas,   C.  D. .  .Brooklyn,  N.  Y. 

Thomes,  E.  H Jamaica,  N.  Y. 

Thompson,  S.  C. .  .New  York  City 
Thompson,    S.    E... Boston,    Mass. 

Thomson,  T.  K New  York  City 

Thomson,   W.   B.  ..  .Cleveland,   O. 

Thorn,  H.  B New  York  City 

Thurlow,  O.  G.  .Birmingham,  Ala. 
Tidd,  A.  W. .  .White  Plains,  N.  Y. 

Tighe,  J.  L Holyoke,  Mass. 

Tilden,  C.  J. .  .New  Haven,  Conn. 
Timberlake,  S.  M.  .Brooklyn,  N.  Y. 
Tompkins,  E.  De  Y., 

New  York  City 
Tower,  J.  W...New  York  City 
Trautwine,  J.  C,  Jr., 

Philadelphia,  Pa. 


Travers-Ewell,  A.  .New  York  City 

Tribus,  L.  L New  York  City 

Triest,  W.  G New  York  City 

Trimble,  R.  D Richmond,  Ya. 

Trout,  C.  E., 

West  New  Brighton,  N.  Y. 
Trumbull,  M.  K. .  .New  York  City 

Tucker,  L.  W New  York  City 

Tull,  R.  W New  York  City 

Tuttle,  A.  S New  York  City 

Ulrich,  E.  B Reading,  Pa. 

Ungrich,  M.  J New  York  City 

Upham,  C.  M Dover,  Del. 

Upton,  J Flushing,  N.  Y. 

Urquhart,  L.  C Ithaca,  N.  Y. 

Van  Cleve,  H.  P. .  .Cranford,  N.  J. 
Van  Dyke,  C.  W. .  .New  York  City 
Van  Scoyoc,  H.  S., 

Montreal,  Canada 
Verrill,  G.  E. .  .New  Haven,  Conn. 
Villadsen,  T.  A.  B., 

Salt  Lake  City,  Utah 

Vincent,  J.  I New  York  City 

Vogdes,  J.  J Philadelphia,  Pa. 

Vogel,  J.  L Chatham,  N.  J. 

Voynow,  C.  B..  .Philadelphia,  Pa. 
Vredenburgh,  W. .  .New  York  City 

Waddell,  J.  A.  L.  .New  York  City 
Wadsworth,  J.  E.  .New  York  City 

Wagner,  E.  L New  York  City 

Wagner,   S.  T.  .  .Philadelphia,  Pa. 

Wait,  B.  H New  York  City 

Waite,  D.  C Brooklyn,  N.  Y. 

Waite,  G.  B New  York  City 

Walker,  J.  J. .  .Dobbs  Ferry,  N.  Y. 
M^alker,  J.  W. .  .Philadelphia,  Pa. 

Wall,  E.  E St.  Louis,  Mo. 

Waltman,  W.  D Denver,  Colo. 

Warnock,  W.  H.Cedarhurst,  N.  Y. 
Warwick,  C.  L. .  .Philadelphia,  Pa. 

Watson,  G.  L Newark,  N.  J. 

Watson,  W.  J Cleveland,  O. 

Watt,  D.  A Hoboken,  N.  J. 


February,  1920.]        REPORT  OF  THE  ANNUAL  MEETING  231 

Webster,   G.   S.  .Philadelphia,  Pa.  Williams,  G.  S.  .Ann  Arbor,  Mich. 

Weed,  I Brooklyn,  N.  Y.  Williams,  J.  P.  J.  .New  York  City 

Weed,  L.  W New  York  City   Williams,  T.  S New  York  City 

Wegmann,  E Yonkers,  N.  Y.  Willoughby,  J.  E., 

Weidman,  J.  H. .  .Syracuse,  N.  Y.  Wilmington,  N.  C. 

Wells,  C.  E. .  .White  Plains,  N.  Y.   Wilmot,  J New  York  City 

Wells,  E Georgetown,  Ky.   Wilmot,   S Providence,  R.  I. 

Welty,  H.  T New  York  City  Wilson,  H.  K. .  .East  Orange,  N.  J. 

Wendell,  E.  W.,  Wilson,  W.  T New  York  City 

Hudson  Falls,  N.  Y.  Winsor,  F.  E. .  .Providence,  R.  I. 

Wendt,  E.  F Washington,  D.  C.  Winsor,  G.  A., 

Wetzler,  W.  H.  .  .New  York  City  Pleasantville,  N.  Y. 

Weymouth,  A ....  Flushing,  N.  Y.  Winsor,  H.  D., 

Weymouth,  F.  E... Denver,   Colo.  West  New  Brighton,  N.  Y. 

Wheeler,  R.  C New  York  City  Witmer,  F.  P. .  .East  Orange,  N.  J. 

Whinery,  S New  York  City   Wolf  el,   P.  L Pittsburgh,  Pa. 

Whitcraft,  L.  N.,  Wolff,  A.  D.,  Jr.  .Hudson,  N.  Y. 

Hackensack,  N.  J.   Wolff,  R Glendale,  N.  Y. 

Wliite,  B.  E Utica,  N.  Y.   Wolpert,  O New  York  City 

White,  L New  York  City   Woodard,  S.  H New  York  City 

White,  W.  M Fanwood,  N.  J.  Woodcock,  H.  W.  .Brooklyn,  N.  Y. 

Whitman,   E.  B. .  .Baltimore,  Md.   Woodruff,  G.  B Bethlehem,  Pa. 

Whitney,  G.  C.  .Brooklyn,  N.  Y.  Woodworth,  R.  B.  .Pittsburgh,  Pa. 

Whitson,  A.  H. . .  .Flushing,  N.  Y.   Wyckoff,  C.  R New  York  City 

Whitson,  M.  J.  .Washington,  D.  C.  Wyman,  A.  M. .  .Philadelphia,  Pa. 
Whittier,   T.   T.  .Brooklyn,  N.  Y. 

Widdicombe,  S.  H.,  y.^^^g^  C  q ^^^  York  City 

New  York  City    Yates,  J.  J New  York  City 

Wigley,  C.  G New  York  City   Yates,  W.  H New  York  City 

Wilbanks,  J.  R Columbus,  O.  Yereance,  A.  W., 

Wilcock,  F New  York  City  South  Orange,  N.  J. 

Wilkerson,  T.  J.  .Beaver  Falls,  Pa.  Yereance,  W.  B. .  .New  York  City 

Williams,  C.  G. .  .Plainfield,  N.  J.   Young,  H.  A New  York  City 

Williams,  F. . .  .East  Orange,  N.  J. 

Williams,  F.  P Albany,  N.  Y.  Zook,  M.  A.  ..  .Washington,  D.  C. 


232  REPORT  OF   SPECIAL  COMMITTEE  [Society  Affairs. 

REPORT  OF  IHE 

COMMITTEE  OF  THE  BOARD  OF  DIRECTION 

APPOINTED  TO  STUDY  THE  REPORT  OF  THE 

COMMITTEE  ON  DEVELOPMENT 


Presented  to  the  Boakd  on  January  19th,  1920 


Synopsis 
The  Report  commends  the  work  of  the  Committee  on  Development 
and  generally  divides  its  work  iaito : 

I.  Fundamental  changes  in  creating  a  new  organization  for  co- 
operative work  with  other  affiliated  Societies. 
II.  Recommendations   for   internal  betterment   of   the   American 

Society  of  Civil  Engineers. 
The  Report  further  outlines  fundamental  ideas  which  it  is  believed 
nctuated  the  Committee  in  its  work,  including  emphasis  desired  by 
certain  members  and  also  adds  one  motive  which  this  Committee  be- 
lieves many  members  of  the  Society  desire,  which  is  not  expressed  in 
the  Committee's  report  on  Development. 

The  Report  states  the   four  issues  raised  by  the   Committee   on 
Development  which  are  believed  to  bo  most  vital,  as  follows: 

I.  Shall  the  American  Society  of  Civil  Engineers  use  its  power 
and  influence  to  bring  together  for  welfare  purposes   the 
Engineering  and  related  technical  professions  of  America  ? 
11.  If  so,  shall  it  assent  to  the  formation  of  a  new  and  somewhat 
unrestricted  organization  as  proposed  by  the  Development 
Committee  ? 
III.  Or  shall  it  develop  and  broaden  the  basis  of  the  present  Engi- 
neering Council  as  well  as  make  it  more  representative  than 
at  present,  all  as  proposed  herein? 
IV.  Shall  the  dues  of  Non-Resident  Corporate  Members  be  raised 
not  less  than  $5.00  nor  more  than  $10.00  per  annum  for 
these  purposes? 

Following  this,  the  salient  features  of  the  Report  are: 
Part    I.  Fundamental  changes  and  new  organizations. 

Vital  proposition  is  Engineering  unity. 

National  Societies  not  well  co-ordinated  in   new  organi- 
zation. 

Representation  discussed  and  criticized. 

New    organization    possibly    controlled    by    semi-technical 
affiliations.     Example. 

Criticism  summarized  in  six  objections. 

New  plan  outlined  for  strengthening  Engineering"  Council. 
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Part  II.  Internal  betterment. 

Committee's   suggestions  generally  commended. 
The   programme    suggested,    as    understood   by   us,    to    be 
gradually  and  not  immediately  accomplished. 
Certain  suggestions  of  the  Committee  are  discussed,  as  follows : 
1st. — Local  Sections  and  additional  meetings. 

Society  experience  and  practice. 
2d.  — Programme  for  better  co-ordination  of  technical  literature. 
3rd. — Control  of  Committeemen  and  Directors  and  their  attention 

to  their  duties. 
4th. — Reference  of  membership  applications  to  Local  Sections. 
5th. — Membership  requirements   not  discussed. 

Suggest  it  be  postponed  until  external  relations  are  settled. 
Gth. — The  Budget  Committee's  report  analyzed. 
Table  of  prospective  expense. 

Larger  dues  than  suggested  by  Budget  Committee  thought 
necessary  and  recommended. 
7th. — Conclusion :  The  two  ideas  of  society  welfare  shown  not  to  be 
incompatible. 
Great  care  recommended  in  making  changes. 
8th. — Recommendations  for  full  discussion  and  the  submission  of 

four  questions  to  the  membership  of  the  Society. 
Appendix   A. — Outline    of   plan    to   broaden   present   Engineering 

Council  and  make  it  more  representative. 
Appendix  B. — Classification   of  suggestions   of  the   Committee  on 
Development  for  internal  improvement. 


To  THE  Board  of  Direction  of  the 

American  Society  of  Civil  Engineers. 
Gentlemen  : 

Your  Special  Committee  of  the  Board  of  Direction,  appointed  Octo- 
ber 14th,  1919,  to  study  the  report  of  the  Committee  on  Development 
and  review  its  suggestions  for  the  benefit  of  the  Board  of  Direction, 
would  respectfully  report  its  conclusions  herewith. 

The  report  of  the  Committee  on  Development  of  the  American 
Society  of  Civil  Engineers,  presented  to  the  Board  October  14th,  1919, 
is  one  of  the  most  spirited,  human,  and  interesting  documents  which 
the  Board  has  received  for  some  years,  giving  internal  evidence  that 
the  large  and  representative  Committee  has  carefully  studied  the 
problem  before  it,  and  has  given  it  the  benefit  of  much  profitable  dis- 
cussion. Your  Committee  of  the  Board  feels  that  the  Society  is 
greatly  indebted  to  the  Committee  on  Development  and  to  its  Sub- 
Committees  for  their  devoted  efforts  to  meet  the  duties  the  Board  has 
imposed  upon  them. 
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In  general,  its  recommendations  resolve  themselves  into  two 
classes : 

1st. — Fundamental  changes  in  our  Constitution  to  further  the  crea- 
tion of  a  new  organization  for  co-operative  work  with  other  Affiliated 
Societies  and  for  professional  and  public  weKare. 

2d. — Recommendations  for  internal  betterment  of  the  American 
Society  of  Civil  Engineers  and  its  technical  activity,  with  suggestions 
for  improvements,  not  all  of  which  require  radical  changes  in  our 
present  Constitution. 

We  are  impelled  to  pass  somewhat  lightly  over  the  second  class  of 
recommendations,  not  because  they  are  unimportant,  but  because  it 
seems  to  us  more  important  at  this  time  to  discuss  the  few  most  vital 
recommendations  rather  than  the  numerous  minor  administrative 
changes. 

Reading  between  the  lines  of  the  report,  we  think  we  note  certain 
fundamental  desires  and  aims,  not  always  fully  expressed,  but  quite 
distinctly  to  be  inferred.  If  we  are  not  mistaken,  these  are  largely 
the  reflection  of  the  desires  and  aims  of  a  large  portion  of  the  mem- 
bership of  the  Societies  as  well,  and  it  suits  our  purpose  to  outline  them 
herein  more  carefully,  as  follows : 

I'^t. — The  engineers  of  this  country  are  earnestly  desirous  of  greater 
unity  and  solidarity.  We  all  wish  to  make  our  profession  more  efficient 
not  only  for  the  benefit  of  the  profession  itself,  but,  as  well,  for  the 
benefit  of  the  public,  and  there  exists  a  general  desire  to  develop  the 
usefulness  and  effectiveness  of  the  profession  in  its  public  aspect  and 
relations. 

2d. — The  profession  has  grown  so  rapidly  in  the  last  generation  that 
the  older  forms  of  association  have  unquestionably  become  somewhat 
defective,  in  that  they  do  not  sufficiently  permit  and  encourage  local 
activity,  cultivate  the  broader  professional  relations,  increase  our  larger 
influence  on  local  public  affairs,  and  create  closer  connection  between 
the  outlying  local  sections  and  the  governing  boards.  As  now  organized, 
the  broader  public  welfare  of  the  profession  heavily  overtaxes  the  time 
and  attention  of  a  relatively  few  of  the  older  and  more  responsive  mem- 
bers, the  higher  officers,  and  the  governing  boards,  including  members 
of  Engineering  Council,  while  there  is  not  enough  opportunity  for 
Society  work  for  the  rank  and  file,  especially  in  outlying  communities, 
to  keep  them  active  and  interested  and  enable  them  to  register  their 
wishes  and  influence. 

3d. — There  is  everywhere  a  marked  and  well-defined  impression 
that  the  Engineering  Profession  should  have  a  larger  influence  for  good 
in  public  affairs  and  that  it  should  stand  as  a  sound  guide  in  the  larger 
technical,  economic,  and  engineering  problems  of  the  State  and  Nation. 
The  importance  of  engineering  in  the  late  War  and  its  suddenly  en- 
hanced value  in  the  eyes  of  the  public  make  this  a  psychological  time 
to  create  professional  unity  of  purpose  and  achievement. 
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4th. — Unquestionably  the  great  body  of  engineers  belonging  to  the 
several  National  organizations,  while  desiring  professional  co-opera- 
tion of  the  closest  kind,  do  not  wish,  and  would  undoubtedly  reject 
any  proposition  which  would  tend  to  lower  the  standards  of  admission 
to  their  several  memberships  or  destroy  what  has  been  slowly  and 
carefully  created  in  the  way  of  efficient  organization  now  in  operation. 
A  very  considerable  number  of  the  profession  will  include  the  work  of 
Engineering  Council  in  this  feeling. 

The  first,  second,  and  third  of  the  above  propositions  appear  to  be 
common  to  the  thought  of  all  of  the  Committee  on  Development,  while 
the  fourth  proposition  is  apparently  a  feature  which  some  members  of  the 
Committee  appear  to  have  wished  to  emphasize.  If  we  have  not  mis- 
interpreted the  fundamental  thought  of  the  Committee,  we  are  in 
accord  with  its  spirit  as  above  expressed,  including  the  final  proposition 
as  well.  But  we  would  also  like  to  add  one  more  proposition  which 
we  do  not  find  so  clearly  indicated  in  the  Committee's  report,  although 
we  believe  it  really  lies  in  the  hearts  and  minds  of  at  least  a  considerable 
portion  of  the  members  of  the  Committee,  as  well  as  a  large  portion, 
if  not  a  majority,  of  the  members  of  the  Society  at  large.  This  may 
be  formulated  as  follows : 

5th. — In  any  co-ordination  of  tlie  Engineenng  Profession  in  this 
country  in  which  the  technical  activities  of  the  State  or  Nation  are 
to  he  discussed,  or  engineering  matters  of  public  welfare  need  guidance 
or  advice  and  wherever  professional  ethics,  status,  standing,  or  com- 
pensation are  under  consideration  generally,  the  American  Society  of 
Civil  Engineers  ought  to  have  a  reasonably  proportionate,  if  not  a 
leading  influence  in  the  deliberations,  due  to  its  long  and  honorable 
career,  the  distinguished  character  of  its  personnel,  and  its  accumu- 
lated experience  in  technical  and  professional  matters  in  this  country 
and  abroad. 

Your  Committee  cannot  certainly  know  the  mind  of  the  Society 
at  this  stage  of  the  discussion,  but  it  believes  that  it  is  necessary  to 
have  the  principal  salient  issues  before  it  narrowed  down  and  made 
as  clear  and  simple  as  possible  so  that  time  will  not  be  wasted  in 
unintelligent  discussion. 

Our  study  of  the  report  of  the  Committee  on  Development,  and  the 
included  Joint  Conference  Committee's  report,  leads  us  to  believe  that 
the  following  issues  are  the  first  and  most  important  matters  to  settle 
of  all  those  presented  by  the  Development  Committee: 

1st. — Shall  the  American  Society  of  Civil  Engineers  use  its  power 
and  influence  to  bring  together  for  welfare  purposes  the 
Engineering  and  related  technical  professions  of  America? 

2nd. — If  so,  shall  it  assent  to  the  formation  of  a  new  and  somewhat 
unrestricted  organization  as  proposed  by  the  Joint  Confer- 
ence Committee's  report? 
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3rd. — Or,  shall  it  develop  and  broaden  the  basis  of  the  present 
Engineering  Council,  as  well  as  make  it  more  representative 
than  at  present,  all  as  newly  proposed  herein'? 

4th. — Shall  the  dues  of  N on-Resideiit  Corporate  Members  be  raised 
not  less  than  $5.00  nor  ynore  than  $10.00  per  annum  for 
these  purposes? 

Having  thus  outlined  our  viewpoint,  we  will  next  take  up  as  Part  I 
the  proposal  to  create  a  new  National  Engineering  organization  for 
public  and  professional  welfare  purposes. 


PART  I. 

The  Joint  Conference  Committee's  Report. 
(Section  C). 

The  original  resolution  of  the  Board  of  Direction,  adopted  June 
18th,  1918,  creating  the  Committee  on  Development,  provides  that  it 
was  to  report  on  the  "purposes,  field  of  work,  scope  of  activity  and 
usefulness,  organization  and  methods  of  work  of  the  American  Society 
of  Civil  Engineers"  and  to  make  recommendation  concerning  these 
matters. 

The  suggestion  of  the  formation  of  an  entirely  new  "National 
Engineering  Organization"  to  promote  these  objects  really  constitutes 
the  most  vital  and  fundamental  part  of  the  report  of  the  Committee 
on  Development,  and,  as  such,  requires  a  great  deal  of  thoughtful 
study  on  the  part  of  the  membership  of  our  Society  as  well  as  of  the 
other  National  Societies  before  its  ultimate  effect  and  operation  can 
be  fully  understood  and  appreciated. 

The  Joint  Conference  Committee  has  evidently  in  mind  the  desira- 
bility of  preserving  the  good  in  the  Societies  that  has  so  far  been  care- 
fully built  up,  except  perhaps  in  the  case  of  the  present  Engineering 
Council,  but  apparently  in  its  desire  not  to  interfere  with  the  work  and 
organization  of  the  present  National  Engineering  Societies  it  seems  to 
us  to  have  gone  to  another  extreme  by  proposing  the  creation  of  a  new 
and  separate  organization,  made  up  of  a  different  rank  and  file,  and  so 
distinct  and  apart  in  its  upper  and  governing  structure  from  our 
present  organization  that  the  American  Society  of  Civil  Engineers,  as 
a  body,  appears  to  have  little  part  or  influence  in  it. 

That  part  of  the  Committee's  report  which  deals  with  representation 
in  the  new  National  Council  is  not  entirely  clear. 

"We  quote  as  follows : 

"Each  local,  state,  or  regional  affiliation  or  organization  whose 
membership  is  not  otherwise  represented  than  through  the  National 
engineering  or  technical  societies,  shall  be  entitled  to  one  representa- 
tive in  the  National  Council  for  a  membership  of  from  100  to  1  000, 
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inclusive,  and  one  additional  representative  for  every  additional  1  000 
members,  or  major  fraction  thereof." 

"Each  National  engineering  or  technical  society  shall  be  entitled 
to  one  representative  for  a  membership  of  from  200  to  2  000,  inclusive, 
and  an  additional  representative  for  every  additional  2  000  members, 
or  major  fraction  thereof." 

If  we  read  this  aright,  members  of  the  American  Society  of  Civil 
Engineers  belonging  to  Local  Sections  can  only  vote  (separately)  for 
their  own  National  Society  delegates  to  the  new  organization  at  half  the 
rate  of  representation  accorded  other  members  of  the  Local  Sections. 

Mr.  Frederick  C.  Noble,  a  member  of  the  Committee  on  Develop- 
ment, has  estimated  that  representation  under  this  plan  would  be  as 
follows : 

No.  Kind  Members.  Council         Executive 

Board. 

1     Am.  Soc.  C.  E 9  030  5  2 

3     Other  Founder  Societies 28  002  14  7 

27     Other  National  Societies 31913  30  8 

12     Eegional   Societies 8  073  13  2 

24     State  Societies..  .. 10  226  25  2 

50     Local   Societies 20  567  40  5 


107  811  127  26 

Mr.  Noble  says  this  takes  the  most  favorable  interpretation  of  the 
Committee's  language,  insofar  as  our  membership  is  concerned,  both 
of  the  paragraphs  before  quoted  and  of  the  outline  for  selection  of  the 
Executive  Committee. 

It  is  to  be  expected  that  the  American  Society  of  Civil  Engineers 
must  make  some  sacrifices  if  it  elects  to  aid  in  unifying  the  profession, 
and  it  must  expect  in  any  larger  organization  to  accept  its  proportional 
representation,  but  it  is  not  apparent  to  us  why  it  and  the  other 
National  Societies  should  so  largely  cease  to  function  directly  in  the 
councils  of  the  new  National  Organization  or  be  limited  somewhat 
below  proportionate  representation  as  above  disclosed. 

A  society  expresses  itself  through  its  organization  and  acts  through 
its  appointed  leaders,  and  as  an  organization  the  American  Society  of 
Civil  Engineers  and  its  official  leaders  appear  to  us,  as  we  interpret 
the  report,  to  have,  as  a  body,  no  material  influence  in  the  new  proposed 
National  Association.  We  wonder  if  the  Committee  on  Development 
fully  appreciated  the  far-reaching  effect  of  this  proposal. 

The  report  of  the  Committee  on  Development  as  regards  the  outlying 
Local  Sections  provides  quite  distinctly  that  each  geographical  district 
of  the  American  Society  of  Civil  Engineers  shall  elect  its  Directors  by 
the  "direct  vote  of  its  corporate  memhers",  but  the  Joint  Conference 
Committee's  Report  does  not  define  the  qualifications  of  those  who  are 
to  be  admitted  to  membership  in  the  proposed  local  affiliations,  and  who 
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consequently  have  the  power  to  determine  the  character  of  the  national 
organization.  It  is  also  apparent  that  the  Committee  does  not  expect 
to  confine  strictly  to  the  Engineering  Profession  the  control  of  this  new 
organization,  but  is  looking  principally  to  the  impression  to  be  made 
upon  the  public  mind  of  large  and  widespread  numerical  strength  of 
membership. 

Doubtless  there  is  much  to  be  said  for  this  point  of  view,  but  in 
becoming  strong  numerically  it  is  quite  possible  to  become  weak  in 
character  and  quality. 

As  the  Joint  Conference  Committee's  report  now  reads,  it  might  be 
possible  that  a  Local  Association  of  Plumbers,  styling  themselves 
"Sanitary  Engineers" — to  all  intents  and  purposes  being  technical  men, 
in  theory  at  least — could  be  admitted  to  the  Local  Sections,  and  by 
concerted  effort  elect  a  delegate  from  their  own  number  to  the  National 
Council  who  might  even  become  President  thereof,  and  who  would  have 
more  to  say  authoritatively  about  National  technical  problems  of  the 
country  than  the  President  and  Board  of  Direction  of  the  American 
Society  of  Civil  Engineers. 

There  further  appears  to  be  no  bar  to  such  local  technical  asso- 
ciations as  are  in  part  more  or  less  commercial  in  their  aims,  but 
which  may  be  very  liberal  or  even  loose  in  admitting  to  their  member- 
ship men  who  are  not  wholly  desirable  from  an  Engineering  stand- 
point. If  there  is  any  one  thing  which  we  believe  the  Engineering 
Profession  should  most  zealously  guard,  it  is  the  standing  of  its 
membership  and  the  character  of  its  admission  requirements.  We  feel, 
therefore,  that  thoughtful  objection  must  be  raised  to  this  feature  of 
the  report  of  the  Joint  Conference  Committee.  There  are  also  other 
objections,  which  are  included  in  the  following  concise  outline: 

1st. — The  Joint  Conference  Committee's  report  does  not  sufficiently 
confine  the  voting  power  of  the  proposed  new  National  Organization  to 
the  corporate  members  of  the  present  National  Engineering  Societies, 
and  of  such  other  allied  technical  societies  as  are  clearly  predomi- 
nately professional  in  their  aim,  and  who  are  equally  careful  with  the 
present  National  Societies  in  the  admission  to  their  menibership. 

2d. — The  proposed  new  organization  does  not  have  close  enough 
connection  and  co-ordination  with  the  officers  and  Boards  of  Direction 
of  the  present  National  Societies  and  such  other  National  and  Kegional 
Societies  as  it  may  see  fit  to  admit  to  its  membership. 

3d. — The  Committee's  plan  creates  a  large  amount  of  new,  some- 
what complicated,  and  expensive  machinery  that  appears  to  us  to  be 
unnecessary  and  which  it  may  be  reasonable  to  doubt  can  be  made 
to  work  smoothly  for  some  time  to  come,  at  least  insofar  as  the  present 
experience  of  Engineering  Societies  has  gone. 

4th. — The  plan  for  the  new  organization  is  so  drawn  as  largely  to 
deprive  the  present  National  Societies  of  any  considerable  influence 
in   large   public    or   National   technical   problems   in   which   they    are 
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naturally  interested  and  in  which  they  are  preeminently  capable  of 
having  voice. 

5th. — The  plan  commits  the  welfare  of  the  Engineering  Profession 
to  a  new  and  untried  organization  without  history,  precedent,  or 
experience,  from  which  semi-professional,  and  even  semi-commercial 
Local  Societies  are  apparently  not  only  not  barred,  but  possibly  may 
become  from  time  to  time  a  predominating  influence. 

6th. — The  representation  in  the  new  organization  accorded  to  the 
four  National  Societies  is  numerically  insufficient  in  view  of  their 
numbers,  experience,  and  standing. 

In  view  of  these  objections  and  others  of  a  more  minor  character 
which  have  suggested  themselves  to  us  after  a  study  of  the  Committee's 
plan,  it  has  finally  seemed  wise  to  us  to  suggest  an  alternative  plan 
which  we  believe  is  more  direct  and  simple  in  its  method  and  more 
conditioned  on  outgrowth  of  what  we  now  have  in  existing  organi- 
zation. This  plan  may  be  styled  a  plan  to  hroaden  and  develop  the 
powers  of  the  existing  Engineering  Council  as  well  as  to  place  it  on  a 
more  representative  basis  than  at  present. 

The  present  Engineering  Council  is  an  organization  of  the  National 
Engineering  Societies  of  the  United  States,  consisting  of  a  total  of 
25  representatives  from  the  Founder  Societies  and  the  American 
Society  for  Testing  Materials.  Its  formation,  purpose,  and  the  scope 
of  its  work  are  explained  on  pages  43  and  44  of  the  Society  Year  Book 
for  1919.  It  has  been  in  active  operation  for  two  and  one  half  years, 
and  is  now  conducting  a  well  planned  program  of  professional  welfare 
work. 

But  the  present  Engineering  Council  suffers  from  three  difficulties : 

1st. — It  derives  its  authority  from  the  Boards  of  Direction  of  these 
Societies,  which  may  not  always  agree  as  to  its  policies 
and  actions. 

2d.  — Its  work  does  not  have  sufficient  publicity  among  the  Engi- 
neering rank  and  file  which  is  supporting  it. 

3d.  — Its  members  are  not  directly  elected  by,  nor  does  Council 
report  directly  to,  the  membership  of  over  40  000,  which 
it  theoretically  represents. 

To  remedy  these  defects,  it  is  suggested  that  the  officers  and  Boards 
of  Direction  of  the  present  National  and  their  Affiliated  Engineering 
Societies  could  form,  ex-officio,  a  National  Engineering  Council  for 
the  purposes  of  professional  unity,  which  would,  in  effect,  continue 
the  work  of  the  present  Engineering  Council,  and  that  to  the  Council 
thus  formed  might  be  added,  if  desired,  delegates  from  State  or 
Local  Councils  to  be  formed  throughout  the  country. 

Some  such  arrangement  as  this  would  greatly  simplify  the  Com- 
mittee's plan  by  doing  away  with  the  necessity  for  any  additional 
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organization,  with  all  its  elective  machinery,  and  while  continuing  the 
present  Engineering  Council,  would  make  it  more  representative  without 
dislodging  our  present  Societies  from  their  natural  line  of  influence, 
or  halting  our  joint  activities. 

In  such  a  simplified  plan,  the  National  Engineering  Council  thus 
created  should  probably  meet  but  once  in  two  years  as  a  general 
National  Conference,  and  should  at  that  time  outline  a  national 
professional  platform  and  choose  its  Chairman,  Officers,  and  Executive 
Committee,  much  as  suggested  in  the  Joint  Conference  Committee's 
report.  Such  Executive  Committee  would  in  effect  be  the  real  working 
body  and  should  conduct  without  break  the  national  and  general  work 
now  so  well  started  by  the  present  Engineering  Council. 

In  order  to  crystallize  this  solution  of  the  problem,  as  an  alternative 
plan  to  the  one  suggested  in  the  Joint  Conference  Committee's  report, 
we  submit  herewith  as  Appendix  A,  an  outline  scheme  for  such  Joint 
Engineering  Council,  and  recommend  its  consideration  and  discussion 
in  connection  with  the  whole  subject. 


PART  11. 

The  Development  Committee's  Recommendations 
FOR  Internal  Betterment. 

Turning  now  to  the  Committee's  recommendations  for  internal 
betterment  of  the  American  Society  of  Civil  Engineers,  it  is  to  be 
noted  that  a  number  of  those  made  for  the  internal  activities  of  the 
Society  have  already  been,  or  are  now  being  introduced  either  by 
Joint  Committees  of  the  Founder  Societies  or  by  the  Engineering 
Council  and  its  general  Committees.  The  Committee  on  Development, 
however,  recommends  some  new  and  interesting  forms  of  activity. 
Some  of  these  would  require  changes  in  the  Constitution  and  some 
would  not.  All  of  the  Committee's  recommendations  for  internal  im- 
provement we  have  classified  as  shown  in  Appendix  B. 

We  do  not  think  it  was  in  the.  mind  of  the  Committee  on  Develop- 
ment that  the  profession  could  at  once  take  over  all  its  suggested 
activities.  Obviously,  the  programme  is  rather  one  to  grow  towards,  and 
as  such  is  commendable.  Obviously  too,  some  of  the  activities  may  be 
by  tentative  trial  found  unworkable,  and  others  not  now  foreseen  might 
be  added,  but,  considering  it  as  a  move  toward  the  greater  usefulness 
of  our  Society  to  the  Engineering  Profession,  we  are  heartily  in  sym- 
pathy with  the  program  generally. 

We  can  but  touch  lightly  on  some  of  the  suggestions.  This  feature 
of  our  report  must,  therefore  be  considered  only  as  random  observa- 
tions, and  not  a  complete  review  of  this  part  of  the  Committee's  report. 

Some  of  the  more  im.portant  recommendations  are  the  following: 
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1st. — Local  Sections  and  Additional  Meetin(;s. 

Concerning  the  radical  change  in  the  subdivision  of  the  country 
whereby  Local  Associations  are  hereafter  to  be  called  "Local  Sections", 
it  is  proposed  that  each  geographical  district  of  the  Society  should 
be  sub-divided,  with  clearly  defined  boundaries,  and  that  every 
member  be  assigned  to  his  local  section  so  that  his  activities 
may  center  largely  in  his  locality.  This  recommendation  seems  to 
have  great  merit  and  should  be  carefully  considered,  but  some  of  the 
machinery  suggested  to  meet  this  revision  and  provide  for  a  new 
organization  as  well,  seems  to  be  cumbersome  and  much  of  it  will 
certainly  be  more  expensive  for  the  membership  than  is  indicated  in 
the  reported  budget.  A  large  number  of  conferences  and  meetings 
are  called  for  which  members  are  exijected  to  attend,  in  some  cases 
paying  their  own  traveling  expenses,  and  in  others  receiving  mileage. 
It  is  evident  that  a  new  burden  is  laid  upon  the  time  and  attention 
of  the  profession  as  a  whole  if  all  of  the  District  Conventions,  Annual 
Conventions,  and  Conferences,-  as  well  as  the  four  Annual  and  other 
Co-operative  and  Committee  meetings  proposed,  are  carried  out. 

Those  who  know  most  about  Engineering  Society  management  find 
that  there  are  many  members  who  are  quite  content  to  pay  their  $15.00 
per  year  to  have  their  names  in  the  Society's  catalogue  and  to  wear 
the  Society's  pin,  and  who  never  really  seem  to  want  much  more  than 
that  from  the  Society.  There  are  also  quite  a  number  who  would 
resent  being  asked  to  put  personal  time,  expense,  and  energy  into  Society 
and  Committee  work,  and  who  believe  they  should  get  more  out  of  the 
Society  than  they  put  in.  These  two  classes  undoubtedly  need  the 
education  of  more  Society  activity  in  their  immediate  neighborhood, 
and,  fortunately,  there  are  in  every  community  many  engineers  who 
enjoy  such  work  and  desire  enlarged  opportunity  for  this  kind  of  active 
service. 

Engineers  are  generally  busy  men,  and  when  we  recall  the  small 
proportion  in  attendance  at  our  present  meetings,  with  the  great  dif- 
ficulty of  securing  attendance  at  Committee  meetings,  even  where 
mileage  is  paid,  we  can  but  gravely  doubt  whether  all  these  new  forms 
of  activity  proposed  by  the  Committee  will  be  supported  by  the  patriot- 
ism and  i>ocketbook  of  the  Society  membership.  Any  revolutionary 
changes  of  this  kind  which  did  not  at  once  meet  with  general  support 
would  be  expensive  and  disastrous. 

On  the  other  hand,  if  they  do  succeed,  and  are  supported,  they  will 
undoubtedly  greatly  increase  our  unity  in  the  profession  by  frequent 
conference  and  better  understanding  of  each  other's  aims.  There  is 
certainly  some  force  to  the  criticism  that  our  social  conventions  are  not 
as  well  attended  as  are  technical  meetings  both  in  our  Society  and  other 
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Societies  and  a  change  in  the  character  of  such  meetings  might  promote 
more  interest  in  them. 

2d. — Programme  of  Papers. 

Some  of  the  suggestions  made  by  the  Committee  appear  to  us  to  be 
theoretically  most  excellent,  but  practically  not  entirely  easy  of  accom- 
plishment, as,  for  instance,  the  scheme  for  securing  a  properly  rounded 
programme  of  papers  which  will  show  the  general  progress  of  technical 
thought,  all  laid  out  by  the  Publication  Committee  and  facilitated  by  a 
standing  Committee  on  each  subject.  This  is  undoubtedly  an  ideal  pro- 
cedure, and  if  it  could  be  fully  realized  would  be  a  wonderful  advance 
over  present  conditions.  Experience  shows,  however,  that  it  is  quite 
difficult  to  force  papers  from  engineers  on  chosen  subjects  unless  they 
have  some  personal  and  even  practical  reason  for  contributing  them  to 
the  Society's  publications.  A  generous  but  enlightened  self-interest 
is  usually  the  main  motive  which  produces  valuable  technical  literature. 
It  is  probable,  however,  that  something  can  be  done  to  improve  the 
Society's  technical  literature,  and  that  a  well  planned  programme  may 
encourage  the  production  of  valuable  papers  that  would  not  otherwise 
appear. 

3d. — Status  of  Coimimittees  and  Directors. 

Some  of  the  suggestions  of  the  Committee  would  be  quite  effective 
if  members  of  the  Society  having  duties  to  perform  were  receiving  com- 
pensation for  their  time,  but  it  must  not  be  overlooked  that  such  mem- 
bers are  almost  always  giving  their  valuable  attention  to  Society  affairs, 
and  should  on  that  account  receive  more  than  usual  consideration. 

Thus,  the  suggestion  that  Committee  members  be  dropped  for  non- 
attendance  or  inactivity  (A.  3),  that  the  Publication  Committee  have 
direct  charge  of  the  Editorial  Staff  (A.  5)  (a  very  arduous  task),  and 
that  Directors  be  required  to  visit  the  Local  Associations  once  each 
year,  usually  at  their  own  expense  (B.  1  1.)  are  all  more  or  less  desir- 
able, but  all  in  our  opinion  cannot  properly  be  rigidly  enforced.  In  the 
first  case,  for  instance,  we  believe  more  can  be  accomplished  by  exercis- 
ing greater  care  in  the  selection  of  Committee  members  and  urging 
them  to  their  best  efforts  than  by  removing  them  for  neglect  of  duty. 

In  the  matter  of  publication,  we  are  somewhat  afraid  of  a  constantly 
changing  Publication  Committee  in  direct  charge  of  the  Editorial 
Staff. 

The  requirement  for  frequent  travel  and  visits  might  be  a  positive 
deterrent  to  men  otherwise  best  qualified  for  Directors,  and  it  is  sug- 
gested that  it  would  be  better  to  ask  that  a  Director  keep  himself  in 
close  touch  with  the  Local  Associations  of  his  district  to  the  greatest 
practicable  degree. 
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4th. — Membership  Applications  Referred  to  Local  Sectioks. 

It  is  a  sound  idea  to  recommend,  as  is  done  in  Sec.  1  (t)  that  appli- 
cation for  membership  in  the  Society  should  be  referred  to  the  Local 
Associations  for  consideration.  We  do  not  understand,  however,  that 
the  Local  Association  should  have  power  to  do  anything  more  than 
make  recommendations.  In  other  words,  their  position  should  be  much 
the  same  as,  but  perhaps  of  more  importance,  than  one  of  the  members 
to  whom,  under  the  present  Constitution,  it  is  necessary  for  applicants 
to  refer. 

5th. — Membership  Qualifications. 

In  the  matter  of  membership  qualifications,  there  is  much  to  be  said, 
and  there  will  be  many  men  of  many  minds. 

In  a  general  way,  we  agree  that  full  membership  qualifications 
should  be  held  up  to  a  high  grade,  and  that  other  recommendations  of 
the  Committee  have  great  merit.  But,  for  the  present,  we  suggest  that 
changes  in  membership  (and  other  internal  matters)  should  be  post- 
poned and  the  attention  of  the  Society  focused  upon  its  external  rela- 
tions until  that  fundamental  part  of  the  program  is  disposed  of,  other- 
wise great  confusion  will  result. 

6th. — The  Budget. 

The  Budget  Committee  reports  under  date  of  November  11th  that 
$25  212.00  would  be  the  total  additional  expense  of  all  activities  called 
for  by  the  Committee  plan.  We  note,  however,  that  it  evidently  con- 
siders this  amount  a  minimum.  It  calls  attention  to  the  fact  that  it  does 
not  cover  greatly  increased  Society  work  above  the  matters  specifically 
recommended  by  the  Committee  on  Development.    It  says  (page  28)  : 

"The  element  of  contingent  expense,  plus  or  minus  has  not  been 
dealt  with  in  the  summation  of  estimated  additional  cost,  as  it  is 
obvious  that  the  total  will  be  affected  by  the  extent  in  which  the  present 
activities  will  be  increased." 

It  also  calls  attention  to  the  probability  that  the  Society's  surplus 
will  be  seriously  reduced,  and  the  Society's  expenses  will  be  increased 
by  reason  of  the  lessened  purchasing  value  of  the  dollar. 

The  original  report  does  not  deal  with  the  present  resident  mem- 
bership dues  which  are  now  in  force  in  New  York  City  and  vicinity. 
But  we  infer  (as  does  the  Budget  Committee)  that,  as  the  semi-monthly 
meetings  at  the  Society  house  are  to  be  abolished,  the  New  York  Dis- 
trict membership  is  expected  to  organize  Local  Sections,  probably  a 
number  of  them,  and  that  the  excess  of  resident  over  non-resident  dues 
will,  as  a  matter  of  consequence,  be  abolished.  These  excess  dues 
now  bring  into  the  Society  a  revenue  of  from  $15  000  to  $16  000  per 
year,  which,  if  abolished,  must  be  added  to  the  minimum  cost  estimated 
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by  the  Budget  Committee,  and  will  thus  raise  its  total  estimate  to 
at  least  $40  000,  in  order  to  carry  out  the  recommendations  of  the 
Committee  on  Development  both  as  to  internal  development  of 
our  Society  and  external  co-operative  relations,  all  of  which  must  be 
derived  from  the  general  membership.  This  addition  we  compute  will 
raise  present  Member  and  Associate  Member  dues  from  $15.00  per 
annum  to  about  $20.00  per  annum,  and  Associate  and  Junior  dues  from 
$10.00  per  annum  to  $12.00  per  annum,  although  the  latter  increased 
amount  from  Juniors  is  not  strictly  necessary. 

The  present  budget  of  the  Engineering  Council  is  about  $50  000  per 
annum.  Its  members  advise  us  that  this  amount  is  not  sufficient  for 
the  many  needs  at  present  pressing  upon  the  attention  of  the  Council. 

The  Budget  Committee  hopes  that  $80  000  will  be  available  to  the 
new  National  Council  under  the  Committee  plan. 

Inasmuch  as  this  whole  movement  is  largely  directed  to  obtaining 
greater  public  and  professional  activity,  we  believe  that  $100  000  is 
not  too  much  for  the  new  National  Engineering  Council  to  begin  with. 
The  present  Council  is  doing  a  large  amount  of  useful  work  with  its 
limited  budget,  and  it  now  suffers  principally  from  lack  of  publicity 
among  its  supporting  membership,  who  have  little  knowledge  of  its 
activities  and  progress.  It  needs  a  publicity  organ  and  more  financial 
support. 

To  do  all  this  well  and  further  to  support  regional  and  local  welfare 
work,  which  will  undoubtedly  be  later  called  for,  as  well  as  properly  to 
provide  for  such  activities  and  contingencies  as  are  not  yet  outlined, 
and  create  a  reasonable  surplus,  will  require  a  Society  income  very 
much  larger  than  at  present.  We  believe  that  if  the  dues  are  raised 
fully  and  properly  to  carry  out  the  Committee  plan,  the  dues  of  non- 
resident members  must  be  increased  to  an  equality  with  those  now 
required  from  resident  members;  that  is,  from  the  present  $15.00  per 
annum  for  Non-resident  Corporate  Members,  to  $25.00  per  annum  for 
all  Corporate  Members  and  for  Juniors  and  Associates  from  $10.00 
per  annum  to  $15.00  per  annum,  although  the  dues  for  Juniors  could 
be  kept  at  $12.00  per  annum,  or  even  as  they  are  at  present  if  it  is 
thought  desirable. 

The  following  table  will  illustrate  the  proposed  increased  cost  of 
the  new  activities  to  the  members.  Budget  A  being  the  present  approxi- 
mate income  from  membership.  Budget  B  the  minimum  amount  to  be 
raised  in  accordance  with  the  Budget  Committee's  report,  and  Budget 
C  the  amount  which  we  think  will  ultimately  have  to  be  raised  for 
the  Committee  plan  and  the  new  organization  which  will  carry  out 
any  unified  public  and  professional  welfare  movement  what  is  really 
broad  and  effective. 
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Table  Showing  Approximate  Present  and  Proposed  Budgets. 
(Membership  Revenue  only.) 

A.  B.  c. 

Approximate  Present  Present  Budget  Com-  Our  Estimate, 

Membership       Non-Resident    Approximate  mittee's  Report  Maximum 

Jan.  1,1918.  Dues.  Revenue.  Minimum  Needs.  Needs. 

3  800  Members .  . .  @  $15.  =  $57  000  @  $20.  =  $76  000  @  $25.  =  $95  000 

4  420  Assoc.  Mem.  @  $15.  =  66  300  @  $20.  =  88  400  @  $25.  =  110  500 
160  Associates..  @  $10.=  1  600  ©  $12.  =  1920  @  $15.=  2  400 
580  Juniors  .  . .    @  $10.  =     5  800  @  $12.  =     6  960  @  $15.  =     8  700 


$130  700  $173  280  $216  600 
N.  Y.  Resident  Members, 

Extra 15  500  

Entrance  Fees   (1918)..  .         15  000  15  000  15  000 


Total       Revenue       from 

Membership $161200  $188  280  $231600 

Additional  over  present  Revenue 27  080  ■  70  400 

Additional  on  Membership  at  large, 
after  abolishing  Resident  Mem- 
bership          42  580  85  900 

It  is  the  opinion  of  your  Committee,  therefore,  from  a  study  of  the 
above  financial  statement  that  if  the  American  Society  of  Civil  Engi- 
neers seriously  intends  to  join  in  the  movement  to  unify  and  expand 
the  activities  of  the  Profession  of  Engineering  in  this  country  they 
must  confront  a  radical  raise  in  dues,  for  if  we  are  going  to  do  it  at 
all  we  must  do  it  well. 

7th. — Conclusion. 

Finally,  it  is  our  unanimous  opinion  that  in  matters  of  amalga- 
mation with  other  National  Societies  and  related  organizations  we 
sliould  proceed  with  great  caution. 

One  of  our  Committee  writes: 

"When  I  consider  these  welfare  movements  and^  the  politics  in- 
volved my  mind  goes  back  to  the  reason  why,  at  the  time  of  my  appli- 
cation, I  desired  to  become  a  member  of  the  American  Society  of 
Civil  Engineers,  and  why  the  young  engineers  of  the  country  now 
wish  to  become  members." 

"I  believe  it  is  not  from  any  idea  of  participating  in  civic  affairs, 
or  in  raising  the  scale  of  wages,  but  rather  that  the  American_  Society 
of  Civil  Engineers,  essentially  an  Academic  Society,  may  be  viewed  in 
the  light  of  an  institution  of  learning.  Its  certificate  of  membership 
is  akin  to  a  diploma  from  such  an  institution.  Membership  carries 
with  it  the  eclat  of  being  one  of  an  exclusive  and  high  grade  organiza- 
tion, and  insures  a  standing  in  the  profession  which  all  engineers 
are  desirous  of  attaining.  I  believe  we  should  continue  to  be  exclusive 
and  should  maintain  our  high  standards  of  membership." 

Your  Committee  believes  that  this  is  an  excellent  point  of  view 
which  should  be  fostered  and  encouraged  in  every  way  possible.     At 


246  REPORT  OF  SPECIAL  COMMITTEE  [Society  Affairs. 

the  same  time  we  believe  the  point  of  view  expressed  in  the  first  part 
of  our  report  on  the  greater  growth  and  unity  of  the  profession  are 
also  of  vital  importance  and  must  be  speedily  given  form.  We  believe 
both  points  of  view  can  be  preserved,  harmonized,  and  welded  together 
for  joint  professional  advancement  without  sacrifice  to  either.  To 
achieve  this  desirable  step  in  advance,  the  Societies  and  the  profession 
must  be  prepared  to  make  more  effort  in  personal  time  and  in  expendi- 
ture, but  we  do  not  believe  it  necessary  to  sacrifice  any  proper  Society 
prestige.  We  believe  the  time  has  come  when  the  great  majority  of  the 
members  of  our  Society  are  prepared  to  do  all  this,  but  only  after  the 
details  have  been  worked  out  with  such  painstaking  care  that  no 
mistakes  will  result,  no  ill  considered  steps  will  be  rashly  taken,  and 
that  the  accumulated  Society  experience  of  the  past  will  have  been 
fully  respected  and  utilized. 

8th. — Recommendations. 

1st.  Your  Committee  recommends  that  opportunity  for  full  and  free 
discussion  should  be  had  by  the  Society  at  its  coming  Annual  Meeting, 
and  that  all  thoughtful  criticism  should  be  thereafter  so  published  as 
to  reach  every  member  of  the  Society. 

2d.  That  when  in  the  judgment  of  the  Board  of  Direction  the 
problem  is  fully  understood  by  the  Society,  the  following  propositions 
be  put  to  a  referendum  vote  for  the  information  of  the  Board  of 
Direction. 

1st.  Shall  the  American  Society  of  Civil  Engineers  use  its  power 
and   influence   to   bring  together   for  welfare  purposes   the 
Engineering  and  related  technical  professions  of  America? 
2d.  If  so,  shall  it  assent  to  the  formation  of  a  new  and  somewhat 
unrestricted   organization   as   proposed   by   the   Joint    Con- 
ference Committee  Report? 
3d.  Or  shall  it  develop  and  broaden  the  basis  of  the  present  En- 
gineering Council,  as  well  as  make  it  more  representative 
than  at  present,  as  proposed  by  the  Committee  of  the  Board 
of  Direction? 
4th.     Shall  the  dues  of  Non-Resident   Corporate  Members  of  the 
American  Society  of  Civil  Engineers  be  raised  not  less  than 
$5.00  nor  more  than  $10.00  per  annum  for  those  purposes? 
All  of  which  is  respectfully  submitted, 

John  W.  Alvord 
Charles  D.  Marx 
Herbert  S.  Crocker 
Samuel  T.  Wagner* 
John  A.  O'Connor 

Committee. 

*Mr.  Wagner,  in  signing  the  Report  makes  the  following  statement : 

"While  agreeing  generally  with  most  of  the  report,  which  I  have 
signed  with  reservations,  I  regret  that  I  cannot  agree  with  the  other 
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members  of  the  Committee  on  certain  features.  On  account  of  the 
shortness  of  the  time  and  the  fact  that  the  members  of  the  Committee 
are  geographically  so  far  apart,  I  have  decided  that  it  would  be  best 
to  proceed  in  this  manner  so  that  the  Board  can  give  them  such  con- 
sideration they  may  merit. 

"Section  6. — llie  Budget.  Until  it  is  definitely  known  what  increased 
activities  are  to  be  taken  up  by  the  Society,  there  does  not  seem  at 
this  time  to  be  proper  justification  for  this  part  of  the  report.  It  is 
difficult  to  figure  on  the  cost  of  any  expenditures  until  it  is  known  for 
what  activities  the  money  is  to  be  spent,  and  it  is  believed  that  this 
was  one  of  the  reasons  why  the  Budget  Committee  made  no  recom- 
mendations in  their  report  as  to  the  amount  of  the  increase  of  dues. 
The  discussion  in  our  report  as  a  whole  is  largely  confined  to  that  part 
of  the  Report  of  the  Committee  on  Development  designated  as  'C — 
Relations  with  other  National  Societies  and  Related  Organizations' 
which  I  feel  is  a  mistake.  This  being  the  case,  the  figures  given  in 
the  Table  are  apt  to  be  misunderstood,  as  they  include  the  cost  of  'A — 
Society  Activities',  as  well  as  the  'Joint  Activities  with  other  So- 
cieties', and  thus  if  not  read  carefully  convey  the  idea  that  the  whole 
increased  cost  is  for  'welfare'  work. 

"For  the  above  reasons  I  think  that  it  is  inadvisable  at  this  time  to 
recommend  the  submission  of  Question  No.  4  under  recommendations 
as  given  in  oiir  report. 

"Section  8. — Recommendations.  I  believe  that  our  report  should  in- 
clude questions  in  reference  to  'Technical  Activities'  and  'Internal 
Relations'  for  a  referendum  vote  of  the  membership.  Many  of  the 
matters  recommended  by  the  Committee  on  Development  are  funda- 
mental, important  and  cannot  be  ignored  at  this  time.  They  are 
entirely  separate  and  distinct  from  the  'external  activities'  which  it  is 
proposed  we  have  with  other  Societies  and  cannot  be  confused  with 
them.  They  can  have  no  possible  reference  to  any  welfare  work  for 
the  profession  at  large,  and  unless  we  are  to  treat  them  as  of  no  im- 
portance in  the  development  of  the  Society  they  should  be  included, 
with  the  questions  which  we  recommend,  and  be  placed  before  the 
Society  to  obtain  their  views.  For  this  reason  I  feel  that  questions 
covering  the  fundamentals  of  the  recommendations  made  by  the  Com- 
mittee on  Development  under  'Technical  Activities'  and  'Internal 
Relations'  should  be  included  at  this  time. 

"In  General. — I  fear  that  the  general  tone  of  our  report  will  confuse 
the  fact  that  the  Committee  on  Development  does  not  intend  to  create 
a  'new  National  Engineering  Organization'  in  which  the  American 
Society  of  Civil  Engineers  is  to  be  alsorhed  and  amalgamated,  but  that 
its  proposal  is  that  we  'affiliate'  with  a  movement  for  the  general  wel- 
fare of  the  engineering  profession,  and  that  the  prestige,  standing  and 
everything  that  the  American  Society  of  Civil  Engineers  stands  for  is 
to  remain  unchanged,  except  for  such  internal  improvements  as  may 
be  agreed  upon  by  the  membership. 

"In  joining  in  any  such  welfare  movement,  outside  of  the  Society, 
for  the  benefit  of  the  profession  at  large,  and  on  a  democratic  basis, 
we  cannot  hope  to  exert  any  undue  influence  other  than  ourjust  pro- 
portion. We  have  in  Engineering  Council  at  present,  just  such 
proportionate  but  not  democratic  representation  and  believe  that  we  can 
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through  the  character  of  our  representatives  on  any  such  affiliation, 
exert  the  influence  that  our  experience  and  standing  in  the  profession 
will  demand.  It  will  be  noted  that  all  applications  for  affiliation  in 
the  National  Council  as  proposed  by  the  Joint  Conference  Committee 
are  to  be  passed  upon  by  the  National  Council  (see  the  following  in  the 
printed  Eeport  of  the  Committee  on  Development:  Constitution,  page 
13;  Purpose,  page  14;  Admission  to  National  Council,  page  15)  which 
should  be  a  sufficient  safeguard. 

"The  Committee  on  Development  (see  page  11)  indicated  a  motJd- 
ing  of  Engineering  Council  into  such  a  proposed  National  Organiza- 
tion 'by  making  it  more  democratic  and  founding  it  on  direct  repre- 
sentation of  all  engineers'.  The  proposed  organization  by  our  Com- 
mittee (Appendix  A.)  is  well  outlined,  the  only  doubt  being  whether 
it  is  democratic  enough  to  fully  answer  the  purpose.  There  can  be  no 
doubt  that  the  work  performed  so  far  by  Engineering  Council  is  most 
praiseworthy  when  the  restrictions  and  lack  of  funds  under  which  it  has 
loeen  laboring  in  the  past  are  considered. 

Samuel  T.  Wagner." 
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APPENDIX   A 

A  Plan  for  Strengthening  the  Present  Engineering  Council  and 
Extending  the  Scope  of  Its  Influence 

This  plan  contemplates  a  National  Engineering  Council,  State 
Engineering  Councils,  and  Local  Engineering  Councils  with  respective 
powers  and  membership,  as  follows: 

1.  National    Engineering    Council : 

(a)  Membership  to  consist  of  the  officers  and  boards  of  direction  of 
the  four  Foimder  Societies,  the  American  Society  for  Testing 
Materials,  and  such  other  National  technical  societies  as  may 
later  be  chosen,  two  members  from  each  State  Engineering 
Council,  and  one  member  from  each  Local  Council  that  may 
be  formed. 

(&)  Powers  and  duties  to  consist  of:  Eepresenting  engineers  in 
national  affairs,  insuring  their  public  recognition,  co-ordinat- 
ing the  activities  of  State  and  Local  Engineering  Councils, 
initiating  action  by  engineering  organizations  generally  that 
will  result  in  benefit  to  the  profession  as  a  whole,  and  giving 
due  publicity  to  its  own  work  and  that  of  the  lesser  organ- 
izations in  such  manner  as  will,  without  violation  of  ethics, 
increase  the  standing  and  emoluments  of  the  profession  as 
a  whole. 

(c)  Meetings  to  be  held  biennially,  at  which  officers  will  be  elected, 

an  executive  committee  chosen,  policies  determined  and  a 
budget  of  expenditures  adopted. 

(d)  The  Executive   Committee  will  carry  out  the  policies  of  the 

Council,  administer  its  affairs,  initiate  new  business  and  act 
in  an  advisory  capacity  to  its  lesser  organizations.  Its 
duties  will  also  include  the  issuance  to  the  varied  member- 
ship of  a  bulletin,  magazine  or  other  form  of  publication. 

(e)  The  work  of  the  National  Engineering  Council  to  be  financed 

by  contributions  from  all  engineering  societies  and  allied 
technical  organizations  that  are  members  of  the  Local  Engi- 
neering Councils,  the  amounts  of  such  contributions  to  be 
based  upon  the  number  of  members  in  each. 

These   contributions   may   be   financed   by   the   different 
organizations  in  such  manner  as  each  shall  deem  best. 

2.  State  Engineering  Councils: 

(a)  Membership  to  consist  of  resident  officers  and  members  of 
boards  of  direction  of  the  four  Founder  Societies,  the 
American  Society  for  Testing  Materials,  and  such  other 
national  technical  societies  as  may  later  be  chosen  to  mem- 
bership in  the  National  Engineering  Council  and  two  mem- 
bers from  each  Local  Engineering  Council  within  the  State 
in  question. 

(h)  Powers  and  duties  to  be  the  safeguarding  of  engineers  and  the 
public  in  State  legislation  and  the  representing  of  engineers 
in  welfare  and  public  movements  of  state  wide  importance. 


250  REPORT  OF   SPECIAL  COMMITTEE  [Society  Affairs. 

as  well  as  the  harmonizing  of  conflicting  engineering  inter- 
ests and  opinion  between  different  localities  of  the  state. 

(c)  Meetings  to  be  held  at  least  annually  upon  call  of  the  officers 

of  the  Council. 

(d)  Work  to  be  handled  in  such  manner  as  may  be  determined  by 

each  State  Council  in  question. 

(e)  Work  to  be  financed  by  contributions  from  the  Local  Engineer- 

ing Councils  within  the  State,  secured  by  such  individual 
assessments  as  may  locally  be  agreed  upon. 

3.  Local  Engineering  Councils: 

(a)  Membership  to  consist  of  one  or  more  members  to  be  chosen 
by  each  of  the  local  engineering  societies  and  technical  asso- 
ciations that  are  subsidiary  to  the  national  organizations 
forming  the  National  Engineering  Council,  together  with 
representatives  from  such  allied  technical  organizations  as 
each  Local  Engineering  Council  shall  see  fit  to  admit  to  its 
deliberations. 

(fe)  Powers  and  duties  to  be  the  co-ordination  of  the  work  of  the 
various  local  organizations  represented  in  its  membership, 
their  representation  in  all  local  public  affairs,  the  arrange- 
ment for  joint  meetings,  both  technical  and  non-technical, 
and  the  handling  of  all  such  general  business  as  may  be 
delegated  to  it  by  its  component  societies. 

(c)  Meetings  to  be  held  at  such  times  as  each  Local  Engineering 
Council  may  determine. 

(cZ)  Each  council  to  be  given  the  greatest  possible  latitude  in  origi- 
nating its  activities  and  handling  its  own  affairs,  consistent 
with  the  welfare  of  its  members  and  the  objects  and  pro- 
cedure of  the  National  and  State  Councils  with  which  it 
affiliates  in  organization. 

(e)  All  work  and  expenditures  to  be  financed  locally  in  such  man- 
ner as  the  component  organizations  may  decide.  This  does 
not  preclude  the  national  engineering  organization  from 
rebating  a  portion  of  the  dues  of  their  local  members  for 
this  specific  purpose. 

Comments. — It  is  assumed  that  the  best  possible  organization  for  the 
betterment  of  the  engineering  profession  is  one  in  which  each  engineer 
or  technical  man  among  the  50  000  or  more  to  be  embraced  within  it 
shall  be  given  full  opportunity  to  make  his  ideas,  power  and  influence 
felt  for  the  promotion  of  both  his  own  and  the  common  good.  There- 
fore, the  most  important  organizations  from  this  point  of  view  are  the 
many  local  associations  or  chapters  of  the  National  Societies  and  the 
Local  Societies  of  one  kind  or  another  at  whose  meetings  members  may 
become  acquainted,  exchange  views  and  be  of  mutual  aid  to  each  other 
professionally.  It  is  upon  this  foundation  that  is  to  be  raised  the 
superstructure  of  the  several  councils  herein  outlined. 

It  is  recognized  that,  owing  to  the  dissimilarity  of  interests  in 
various     localities,     it     would     be     impracticable     for     the     National 
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Engineering  Council  to  attempt  to  exercise  authority  or  even  general 
supervision  over  the  activities  of  the  local  work.  It  can  at  best  act 
only  as  an  advisor  and  disseminator  of  information  concerning  mutual 
interests. 

If  some  such  organization  as  that  here  outlined  shall  be  undertaken, 
it  will  probably  follow  that  in  some  states  no  need  will  be  felt  for 
State  Engineering  Councils,  and  in  some  cities  and  localities  there  will 
be  no  Local  Engineering  Councils  formed.  If  this  assumption  is 
correct  it  would  be  unwise  for  the  Founder  Societies  and  parent  organ- 
izations to  attempt  to  finance  anything  more  than  the  expenditures  of 
the  National  Engineering  Council. 

It  is  believed  that  the  adoption  of  this  plan  would  properly  establish 
the  National  Engineering  Societies  as  a  dominating  influence  in  the 
several  councils,  at  the  same  time  leaving  each  of  them  free  to  continue 
or  modify  its  present  provision  for  local  associations  or  chapters  as  it 
shall  see  fit,  as  well  as  to  handle  its  own  business  independently  of  all 
other  Societies  and  in  its  own  way. 

Attention  is  called  to  the  provision  whereby  representation  in 
National  and  State  Engineering  Councils  is  based  upon  geographical 
rather  than  numerical  considerations,  it  being  held  that  the  resulting 
value  of  a  meeting  like  that  of  the  National  Engineering  Council 
depends  upon  the  value  and  variety  of  ideas  elicited  in  discussion 
rather  than  upon  the  overpowering  presence  of  a  large  number  of 
people  with  but  one  idea  in  common.  However,  since  there  will  of 
necessity  be  a  greater  number  of  Local  Engineering  Councils  in  the 
more  populous  communities,  such  communities  will  enjoy  a  greater 
though  not  preponderating  representation  in  the  meetings  of  the 
National  Engineering  Council. 

Question  may  be  raised  as  to  whether  ''State  Councils"  as  herein 
proposed  would  be  preferable  to  "District  Councils",  which  latter  might 
include  within  their  geographical  boundaries  portions  of  several  adjoin- 
ing States,  thus  bringing  into  one  district  members  resident  in  neighbor- 
ing cities  with  allied  interests.  Your  Committee  believes  that  such  a 
question  as  this  must  be  decided  later  and  that  either  form  of  organi- 
zation would  be  adaptable  to  the  general  scheme. 

The  Committee ,  does  not  present  this  outline  as  a  completely 
digested  plan  in  all  of  the  minor  details,  but  with  the  idea  of  showing 
tliat  the  present  directors  and  officers  of  the  National  Societies  can  be 
simply  and  easily  formed  into  a  united  Engineering  Council,  to  which 
can  be  added  proper  representation  from  State,  Regional,  or  Local 
Associations  in  such  a  way  as  not  to  deprive  National  Societies  and 
their  Corporate  Members  of  their  proportionate  and  reasonable  influ- 
ence and  control. 
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APPENDIX  B 

Eecommendations  for  Internal  Improvement 

OF    THE 

American  Society  of  Civil  Engineers 
As  Proposed  by  the  Committee  on  Development 

I.  Recommendations  in  Report  which  are  already  in  progress  and 
do  not  require  Constitutional  Changes: 

A.  1. — Local  Sections  hold  not  less  than  four  meetings  per  year. 

A.  2. — Monthly  Proceedings  include  Editorial  work,  Abstracts  and 
Reviews. 

A.  4. — Co-operation  with  Specialized  Engineering  Societies  and 
other  Organizations. 

A.  5. — Co-operation  with  American  Engineering  Standards  Com- 
mittee. 

D.  1. — Definition  of  Engineering. 

D.  2.— Code  of  Ethics. 

D.  3. — Engineering  Education,  Standing  Committee. 

D.  6. — Washington  Office  and  Legislation  generally. 

D.  7. — Public  Service  for  the  Engineer. 

D.  8. — Patent  Law,  its  Correction  and  Improvement. 

D.  9. — Co-ordination  of  Government  Activities,  Federal  Department 
of  Public  Works. 

II.  New  Recommendations  in  Report  not  yet  taken  up  by  the 
National  Societies  or  Engineering  Council  and  which  do  not  require 
Constitu^tional  Changes : 

A.    1. — That  periodic  joint  meetings  of  the  four  National  Societies 

be  encouraged. 
A.    2.- — Program  for  papers  annoimced  for  the  season. 

A.  5. — Book  of  recommended  principles  of  practice. 
D.    4. — Arbitration  and  expert  testimony. 

D.    5. — Publicity  in  standard  Non-Technical  Magazines. 
D.  10.— Industrial  affairs.     Study  of  Industrial  Problems. 

B.  8. — Ground  floor  of  Society  house  fitted  up. 

B.    7. — Compilation  of  Professional  record  of  Members. 

B.    5. — Young  men  to  be  encouraged  in  various  ways.     Specialized 

Student    Organizations    disapproved.      General    Societies 

advocated.  , 

III.  Recommendations  in  the  Committee  Report  requiring  Consti- 
tutional Changes : 

A.    1.     — Semi-Annual  Meetings  to  be  increased  to  four. 

A.  1.  — That  fortnightly  meetings  of  the  Parent  Society  be  dis- 
continued. 

A.  3.  — Standing  Committees  of  Three  on  each  Engineering 
Subject. 

A.    3.     —Standing  Advisory  Committee  on  Welfare. 

A.  5.  — Technical  Editorial  Staff  under  direction  of  Publication 
Committee. 
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B.    1.  c. — Geographic   Districts    divided   into   subdivisions   contain- 
ing Local  Sections. 

-Every  Member  be  assigned  to  a  Local  Section. 

-Local  obligation  to  affiliate  with  other  Technical  Societies. 

-Directors  elected  by  Corporate  Members. 

-District  Nominating  Board  formed,  one  delegate  from 
each  section. 

-Eepresentative  of  each  district  elected  by  Corporate  Mem- 
bers resident  in  district. 

-District  may  elect  a  non-resident  Director. 

-Uniform  proportion  of  dues  allotted  to  each  Local  Section. 

-Conference  of  Representatives  of  Local  Sections  at 
Annual  Conventions  where  allowed. 

-Present  Nominating  Committee  abolished  and  general 
Officers  nominated  at  above  conference. 

-Director  must  visit  each  Local  Section  in  his  district  once 
a  year  without  expense  to  the  Society,  except  in  excep- 
tional cases  allowed  by  Board  of  Direction. 

-All  Membership  applications  referred  to  Local  Sections 
as  well  as  Board  of  Direction. 

-Honorary  Members.  Distinguished  persons  not  practicing 
profession. 

-Member  must  have  been  an  Associate  Member  for  two 
years. 

-"Responsible  charge"  for  Membtr  greater  than  for  Asso- 
ciate Member. 

-Requirements  for  Junior  deducted  from  Member's 
requirements. 

-Development  Committee  recommends  no  individual  Mem- 
bership in  National  organizations. 

-Grade  of  Fellow  terminated;  new  "Fellow"  established. 

-Fellow  defined  as  a  co-operating  scientist. 
Grade  of  Affiliate  established  for  persons  in  commercial 
pursuits  with  Engineering  knowledge. 

-Associate  grade  to  be  discontinued. 

-Requirements  for  Junior,  4  years'  practice  for  non- 
technical graduate  under  direction  of  a  Corporate  Mem- 
ber of  the  Society  or  of  an  engineer  of  equivalent  quali- 
fications, school  being  considered  equal  time  equivalent. 
Age  limit,  21  years. 
B.  2.  d. — Discipline  for  Members  made  more  effective. 
B.    3.     — Dues  adjusted  to  new  activities.     Budget  Committee  to 

report. 
B.    6.     — Annual  Meeting  Program  outlined. 
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DISCUSSION  ON  THE 
EEPORT  OF  THE  COMMITTEE  ON  DEVELOPMENT* 


Bv  E.  G.  Walker,  M.  Am.  Soc.  C.  E. 


E.  G.  WALKER,t  M.  Am.  Soc.  C.  E.  (by  letter).:}:— In  putting  for- 
ward the  following  criticisms  of  the  final  report  of  the  Committee  on 
Development,  I  wish  to  make  clear  at  the  outset  that  I  am  thoroughly 
in  accord  with  the  whole  of  the  general  principles  of  the  various  schemes 
laid  down,  and  the  writer  considers  that  the  carrying  of  them  out  will 
be  of  material  advantage  to  the  Society  and  to  the  Engineering  Pro- 
fession at  large.  There  are  a  few  points,  however,  which  might  be 
modified  with  advantage  and  it  is  to  these  points  that  the  writer  con- 
fines himself  in  the  following  notes.  With  the  remainder  of  the  details 
of  the  report  he  is  in  full  agreement.  The  writer  will  consider  the 
items  in  order. 

Division  B;  Section  2,  "Membership";  Paragraph  h:  The  quali- 
fications for  the  grade  of  Honorary  Member  of  the  Society  are  not 
altogether  happy.  The  writer  thinks  it  much  more  desirable  to  re- 
serve the  honor  of  admission  to  this  grade  to  distinguished  individuals 
who  have  rendered  assistance  in  the  development  of  civil  engineering 
rather  than  to  those  who  are  in  a  position  so  to  do  if  they  want  to.  In 
regard  to  the  second  class,  namely  "persons  eminent  for  science  and 
experience  in  pursuits  connected  with  the  profession  of  a  civil  engineer", 
the  writer  does  not  see  why  men  of  this  eminence  in  the  United  States 
or  its  possessions  should  be  handicapped  against  those  of  foreign 
countries.  The  degree  of  eminence  required  for  Honorary  Member- 
ship should  be  extremely  high  and  the  practice  of  the  Society  so 
arranged  that  Honorary  Membership  should  be  the  definite  hallmark 
of  the  appreciation  of  American  civil  engineers  of  the  services  of  the 
individual ;  whether  he  be  of  National  or  foreign  extraction  should  have 
nothing  to  do  with  the  case. 

The  writer  believes  Paragraph  c  to  be  a  step  in  the  right  direction 
although  he  does  not  see  why  requirements  for  the  grade  of  Junior 
should  be  deducted  from  the  candidates's  record  in  determining  his 
eligibility  for  the  grade  of  Member.  Surely  the  simplest  method  of 
assessing  a  man's  engineering  qualifications  is  to  review  his  technical 
career  as  a  whole. 

.He  disagrees  with  the  proposal  to  use  the  term  "Fellow"  for  the 
new  grade  of  membership  which  is  proposed.  Among  technical  and 
scientific  societies  there  is  a  great  deal  of  confusion  at  the  present 
time  in  the  meaning  of  the  terms  used,   but  in  general  in   English 

*  Continued   from  January,    1920,  Proceedings. 

t  London,  England. 

t  Received  bj'  the   Secretary,   January   22d,   1920. 
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speaking  countries  the  term  "Fellow"  is  understood  to  mean,  especially 
in  societies  dealing  with  pure  science,  a  man  who  is  fully  qualified 
for  the  highest  grade  of  technical  membership.  In  England,  for 
example,  the  highest  membership  that  is  open  to  any  scientist 
is  Fellowship  of  the  Royal  Society,  and  practically  all  societies 
dealing  with  various  branches  of  science— chemical,  physical,  medical, 
etc. — use  the  term  "Fellow"  in  the  same  way.  In  such  of  these 
societies  as  have  a  grade  of  Member  as  well,  the  latter  is  usually 
a  lower  grade  of  technical  membership  or  else  a  non-technical  grade. 
In  most  engineering  societies  of  which  the  writer  has  had  experience, 
the  qualifications  which  are  laid  down  for  this  proposed  new  grade 
are  exactly  those  which  would,  in  other  societies,  admit  to  the  grade 
of  Associate,  and  in  several  of  them  the  proposed  new  grade  of 
Affiliate  would  be  included  as  well. 

He  suggests,  therefore,  that  it  is  in  the  interests  of  general  uni- 
formity of  practice  among  scientific  societies  that  the  two  proposed 
grades  of  "Fellow"  and  "Affiliate"  should  be  merged  into  a  new  class 
of"  "Associate".  There  would  be  considerable  possibility  of  harmful 
exploitation  of  professional  qualifications,  if  such  confusion  as  is 
likely  to  arise  by  a  numerous  new  class  of  "Fellows"  being  created, 
should  develop,  and  this  I  can  best  illustrate  by  an  example.  The 
writer  has  come  across  cases  of  men  practising  in  England  who  have 
applied  for  membership  in  the  American  Society  of  Civil  Engineers 
rather  than  the  Institution  of  Civil  Engineers  because  the  standard 
required  for  membership  of  the  former  has  been  lower  than  that  re- 
quired by  the  latter.  Men  of  this  type  usually  join  technical  societies 
principally  for  the  benefit  which  they  consider  will  accrue  to  them 
from  membership.  Over  here,  as  already  explained.  Fellowship  of 
a  society  in  a  good  many  cases  implies  a  high  standard  of  technical 
qualifications  and  this  is  generally  understood  to  be  the  case  in  most 
English-speaking  places.  It  would  be  undesirable,  therefore,  that  it 
should  be  possible  for  a  man  with  lower  technical  qualifications  such 
as  are  proposed  for  the  new  class  to  be  able  to  imply  by  the  use  of  the 
term  "Fellow"  that  his  technical  qualifications  are  of  a  similar  order 
to  those  of  a  Member  of  the  Society. 

Section  8,  "Additional  Facilities  at  Headquarters":  The  pro- 
posal for  the  development  of  club  facilities  at  Headquarters  is  cer- 
tainly a  good  one,  and  might  well  in  future  be  developed  still  further. 
After  all,  the  principal  way  in  which  men  of  any  calling  or  profession 
can  be  got  together  in  large  numbers  is  by  providing  plenty  of  social 
facilities,  and  there  is  much  more  likelihood  of  being  able  to  get  into 
touch  with  large  numbers  of  engineers  and  inducing  them  to  take 
an  interest  in  the  technical  development  of  the  Society  by  providing 
such  facilities,  not  only  at  the  Headquarters  of  the  Society,  but  at  the 
various  local  Headquarters  as  well. 
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Division  C :  With  the  recommendations  under  this  heading  the 
writer  is  fully  in  accord.  In  the  report  of  the  Joint  Conference  Com- 
mittee, however,  in  Section  2,  Sub-section  11,  there  seems  to  be  some 
doubt  as  to  whether  it  is  proposed  to  go  on  with  the  consideration 
of  the  development  of  a  code  of  ethics.  He  certainly  believes  this  to 
be  a  matter  that  requires  considerable  thought  and  discussion  before 
it  can  be  completely  developed,  and  advocates  that  it  should  be  gone 
ahead  with. 

Division  D,  Section  1:  Of  the  four  definitions  of  Engineering 
given  in  this  Section  the  writer  does  not  consider  that  {d)  is 
a  correct  definition.  It  appears  to  him,  generally  speaking,  that  (a) 
is  the  definition  and  (&)  and  (c)  are  extended  explanations  thereof. 
The  only  suggestion  he  has  to  make  is  that  the  term  "forces"  should 
be  introduced,  for  since  engineering  is  concerned  mainly  with  the 
application  of  mechanical  principles  and  these  involve  static  forces 
in  addition  to  dynamic,  it  is  hardly  right  that  the  definition  should 
include  only  sources  of  power,  that  is  the  application  of  dynamic 
force.  The  modification  to  definition  (a)  therefore  will  read  "Engi- 
neering is  the  science  and  art  of  directing  the  forces  and  sources  of 
power  in  Nature  to  the  use  and  convenience  of  man". 

Section  3 :  It  is  very  desirable  to  develop  a  Committee  on 
Engineering  Education  on  the  lines  laid  dowai,  but  the  great  point 
that  must  not  be  lost  sight  of  in  the  formation  of  such  committees 
is  to  prevent  them  developing  into  an  academic  committee  of  teachers. 
Such  men  are  most  undoubtedly  not  people  to  whom  recommendations 
on  engineering  education  can  be  entrusted.  At  the  same  time,  it  is 
very  desirable  that  they  should  have  a  voice  in  the  proceedings  in 
order  that  the  Committee  may  have  the  advantage  of  appreciating 
their  point  of  view. 

The  Report  of  the  Sub-committee  on  Budget  shows  very  definitely 
that  these  proposed  developments  of  the  activities  of  the  Society  will 
involve  increase  of  cost,  and  this  increase  will  probably  get  greater  as 
time  goes' on.  By  far  the  greater  part  of  the  development  is  work 
which  will  benefit  exclusively  members  of  the  Society  resident  either 
in  the  United  States  or  in  places  which  are  governed  directly  or  in- 
directly by  the  United  States  Government.  The  Society  has  a  com- 
paratively large  membership  among  engineers  in  foreign  countries. 
These  men  derive  their  sole  benefit  from  the  Society  through  technical 
connection  with  it,  and  it  therefore  does  not  seem  fair  to  expect 
them  to  pay  the  same  increase  on  their  subscriptions  as  members 
resident  in  the  United  States,  inasmuch  as  they  will  not  get,  by  any 
means,  the  same  share  of  the  benefits  accruing  from  the  new  develop- 
ments ;  the  writer  submits,  therefore,  that  in  settling  on  the  new  rates 
of  subscription  a  differentiation  should  be  made  in  favor  of  foreign 
members. 
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ITEMS     OF     INTEREST 


The  Committee  on  Publications  wiJI  be  glad  to  receive  communi= 
cations  of  general  interest  to  the  Society,  and  will  consider  them 
for  publication  in  Proceedings  in  "Items  of  Interest".  This  is  in= 
tended  to  cover  letters  or  suggestions  from  our  membership  covering 
matters  which  are  not  of  a  technical  character.  Such  communica= 
tions,  however,  must  not  be  controversial  or  commercial. 


NATIONAL   SERVICE   COMMITTEE  OF   ENGINEERING   COUNCIL 

In  response  to  frequent  expressions  of  need,  Engineering  Council 
announces  the  establishment  of  a  National  Legislative  and  Depart- 
mental Information  Service  for  engineers  in  all  branches  of  the  Pro- 
fession. Information  relative  to  engineering  statistics,  research,  and 
construction,  as  well  as  of  matters  before  Congress  involving  engineer- 
ii:g  considerations,  will  be  furnished  without  charge  by  addressing  the 
National  Service  Committee,  M.  O.  Leighton,  Chairman,  502  McLachlen 
Building,  Washington,  D.  C.  The  National  Service  Committee  also 
announces  that  its  office  at  Washington  is  open  to  members  of  the 
Society  at  all  times,  and  that  accommodations  can  be  had  there  at  short 
notice  for  committee  meetings  of  the  Society,  or  of  any  organization 
in  which  the  Society  is  interested,  which  may  be  held  in  Washington. 

Conference  of  Members  of  Governing  Boards  of  National  Societies 

At  the  instance  of  Engineering  Council,  members  of  the  Governing 
Boards  of  the  four  Founder  Societies  and  the  American  Society  for 
Testing  Materials,  met  in  Joint  Conference  in  the  Engineering 
Societies  Building,  New  York  City,  in  an  all-day  session  on  January 
23d,  1920. 

The  meeting  was  called  to  order  by  Past-President  D.  S.  Jacobus, 
of  Engineering  Council,  in  the  absence  on  account  of  illness  of  J.  Parke 
Channing,  Chairman.  There  were  72  officials  present,  as  follows: 
Representing  the  American  Society  of  Civil  Engineers,  22 ;  representing 
the  American  Institute  of  Mining  and  Metallurgical  Engineers,  11 ; 
representing  the  American  Society  of  Mechanical  Engineers,  IT;  rep- 
resenting the  American  Institute  of  Electrical  Engineers,  10,  and 
representing  the  American  Society  for  Testing  Materials,  12.  There 
were  also  present  23  others,  including  Trustees  of  the  United  Engineer- 
ing Society,  members  of  Engineering  Council,  and  of  the  Joint 
Conference  Committee.  Mr.  A.  R.  Ledoux,  Vice-President,  American 
Institute  of  Mining  and  Metallurgical  Engineers,  was  elected  Chairman 
of  the  Conference,  and  A.  D.  Flinn,  Secretary  of  Engineering  Council, 
was  elected  Secretary. 
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The  following  three  resolutions,  considered  as  recommendations  to  be 
submitted  to  the  Governing'  Boards  of  the  member  Societies,  were 
adopted : 

"Resolved:  That  the  amount  contributed  for  Engineering  Council  by 
each  Founder  Society  shall  be  $5  000  for  the  year  1920,  in  place  of 
$3  000  as  now  provided,  and  by  the  American  Society  for  Testing 
Materials,  $1  000  instead  of  $600." 


"Whereas,  the  American  Society  of  Mechanical  Engineers  and  the 
American  Institute  of  Electrical  Engineers  have  adopted  in  principle 
the  essential  recommendations  contained  in  the  report  of  the  Joint 
Conference  Committee  of  the  four  Founder  Societies,  and 

"Whereas,  it  appears  probable  that  the  other  Founder  Societies  will 
shortly  also  adopt  the  principles  of  this  report,  and 

"Whereas,  it  would  be  most  unfortunate  to  permit  certain  welfare 
measures  of  importance  alike  to  engineers  and  to  the  public  to  be 
interrupted  through  lack  of  necessary  immediate  financial  support,  be  it 

"Resolved:  By  this  Joint  Conference  of  the  governing  bodies  of  the 
American  Society  of  Civil  Engineers,  the  American  Institute  of  Mining 
and  Metallurgical  Engineers,  the  American  Society  of  Mechanical  Engi- 
neers, the  American  Institute  of  Electrical  Engineers,  and  the 
American  Society  for  Testing  Materials  that  appeals  for  contributions 
of  $2  per  person  for  the  support  of  such  welfare  work  during  the  interval 
before  the  recommendations  of  the  Joint  Conference  Committee  shall 
have  been  made  effective,  be  sent  at  their  discretion  by  the  governing 
boards  of  the  societies  represented  at  this  conference,  to  members  of  all 
grades,  except  juniors  and  student  members,  and  be  it  further 

"Resolved:  That  the  appeal  make  clear  the  fact  that  unless  engineers 
lend  financial  support  immediately,  the  public  welfare  work  of  engi- 
neers will  be  seriously  discredited,  and  be  it  further 

"Resolved:  That  if  the  amount  received  by  each  society  in  response 
to  the  appeal  be  in  excess  of  its  appropriation  voted  for  Engineering 
Council,  such  excess  shall  be  appropriated  by  each  society  to  Engineer- 
ing Council  or  its  successor." 


"Whereas,  this  Conference  of  national  engineering  societies  has 
considered  the  recommendations  of  the  Joint  Conference  Committee 
of  the  four  Founder  Societies,  therefore,  be  it 

"Resolved:  That  the  Conference  adopts  in  principle  that  report  and 
requests  the  Joint  Conference  Committee  to  call,  without  delay,  a  con- 
ference of  representatives  of  National,  local,  State  and  regional  engi- 
neering organizations  to  bring  into  existence  the  comprehensive  organi- 
zation proposed." 

It  was  voted  that  if  the  Conference  be  called  together  again,  it  be 
called  for  a  meeting  in  Chicago  on  April  20th,  1920. 

Convention  of  National  Public  Works  Department  Association 

The  second  general  convention  on  a  National  Public  Works 
Department  was  held  in  Washington,  D.  C,  January  13th  and  14th, 
1920,  and  was  attended  by  95  delegates  of  124  technical  societies  and 
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kindred  business  organizations,  from  all  parts  of  the  country.  Alfred 
D.  Flinn,  Secretary  of  Engineering  Council,  appointed  as  delegate  of 
the  Society,  reported  as  follows  to  the  Board  of  Direction: 

"Reports  by  the  State  branches  of  the  National  Public  Works 
Department  Association  showed  in  the  main  that  the  campaign  was 
progressing  satisfactorily.  Many  congressmen  and  senators  have  been 
favorably  interested.  Engineers,  architects  and  contractors  are 
becoming  supporters  of  the  movement,  and  through  them  other  pro- 
fessional men  and  business  men  are  being  informed.  Greater  New 
York  was  the  most  regrettable  blank  in  the  encouraging  reports.  The 
movement  for  a  Public  Works  Department,  and  the  Jones-Reavis  bill 
providing  therefor,  have  drawn  forth  much  less  criticism  and  opposition 
than  was  anticipated. 

''Financial  support  for  the  campaign  is  the  important  present  need. 
Organizations  represented  in  the  convention  were  requested  to  con- 
tribute $1  per  member.    The  need  for  funds  is  acute. 

"A  campaign  handbook  was  issued  to  the  convention.  In  condensed 
form,  convenient  for  reference,  this  pamphlet  contains  sound  reasons 
and  strong  arguments  for  a  Public  Works  Department. 

"Congressman  Reavis,  of  Nebraska,  and  Gen.  R.  C.  Marshall,  Jr., 
of  the  Construction  Division,  U.  S.  Army,  made  excellent  addresses  on 
the  evening  of  January  13th.  Governor  Lowdon,  of  Illinois,  sent  the 
manuscript  of  an  address  he  had  planned  to  deliver  in  person;  it  was 
read  by  Mr.  Isham  Randolph,  of  Chicago.  Mr.  M.  O.  Leighton,  as 
Chairman  of  the  Association,  presided  at  the  sessions  of  the  convention. 

"On  the  second  day,  representatives  were  given  an  opportunity  to 
visit  members  of  Congress  and  discuss  the  Public  Works  Department 
with  them.  As  a  result  of  these  conferences,  the  opinion  was  expressed 
that  the  prospects  for  the  passage  of  the  bill  by  the  present  Congress 
(that  is  to  say,  before  March  4th,  1921)  are  unusually  good." 

After  discussion  of  the  Jones-Reavis  bill,  the  following  resolution 
to  define  its  position  was  adopted  by  the  Conference : 

"The  following  is  hereby  adopted  as  the  attitude  of  the  National 
Public  Works  Department  Association  with  respect  to  Section  3  of 
tlie  Jones-Reavis  Bill : 

"1.  The  National  Public  Works  Department  Association  must, 
under  its  articles  of  organization,  confine  its  efforts  solely  to  the  crea- 
tion of  a  Department  of  Public  Works. 

"2.  Section  3  of  H.  R.  G049— S.  2232  (the  Jones-Reavis  Bill)  has 
nothing  to  do  with  public  works.  The  only  reason  for  its  presence  in 
the  bill  is  that  some  departmental  disposition  must  be  made  of  the 
non-engineering  bureaus  in  the  Interior  Department. 

"3.  It  is  manifest  that  the  numerous  organizations  which  become 
affiliated  under  the  name  of  National  Public  Works  Department  Asso- 
ciation for  a  common  public  works  purpose  do  not,  by  so  doing,  commit 
themselves  with  respect  to  any  other  question,  National  or  otherwise. 
Therefore  each  affiliated  organization  may  have  and  is  entitled  to 
express  its  views  as  to  said  Section  3  of  the  bill  without  in  any  way 
qualifying  its  approval  of  the  remainder  of  the  bill. 
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"4.  The  National  Public  Works  Department  Association,  as  such, 
is  therefore  unable  either  to  approve  or  to  disapprove  the  specific  assign- 
ments of  bureaus  in  the  said  Section  3,  and  in  advocating  the  bill  before 
committees  of  Congress  the  agents  of  this  Association  are  to  be 
instructed  to  present  this  fact  in  an  unmistakable  way. 

"5.  The  National  Public  Works  Department  Association  suggests 
to  all  affiliated  organizations  that  they  present  to  Congress  their  own 
individual  views  with  respect  to  said  Section  3,  either  through  the 
legislative  agents  of  this  Association  or  otherwise. 

"6.  The  officers  and  directors  of  this  Association  are  instructed 
to  have  the  foregoing  statements  printed  in  suitable  form  and  cir- 
culated as  one  of  the  campaign  documents  issued  in  support  of  this 
movement." 

ACTIVITIES  OF   ENQINEERINQ   COUNCIL 

National    Chamber   of    Commerce    to    Issue    Referendum    on    Public 
Works  Department 

At  a  meeting  of  a  Committee  of  the  National  Chamber  of  Commerce 
appointed  at  the  request  of  Engineering  Council  to  consider  the 
advisability  of  submitting  to  referendum  of  the  Chambers  of  Commerce 
throughout  the  country  the  question  of  a  National  Public  Works 
Department,  it  was  voted  on  January  19th,  1920,  that  such  referendum 
should  be  sent.  Messrs.  Isham  Randolph,  D.  Knickerbocker  Boyd, 
M.  O.  Leighton,  and  L.  W.  Wallace  appeared  before  the  Committee, 
representing  Engineering  Council.  E.  H.  Newell,  M.  Am.  Soc.  C.  E., 
Ira  N.  Hollis,  and  J.  Parke  Channing  were  engineer  members  on  the 
Chamber  of  Commerce  Committee. 

Military   Affairs    Committee   Enlarged 

The  Military  Affairs  Committee  of  Engineering  Council,  the  per- 
sonnel of  which  has  already  been  announced,*  has  been  enlarged  by 
the  addition  of  the  following  men  who  have  been  in  military  service : 

Lincoln  Bush,  M.  Am.  Soc.  C.  E. 

John  J.  Carty,  A.  I.  E.  E. 

H.  S.  Crocker,  Vice-President,  Am.  Soc.  C.  E. 

B.  W.  Dunn,  A.  S.  T.  M. 

Arthur  S.  Dwight,  A.  I.  M.  E. 

Alfred  B.  Fry,  M.  Am.  Soc.  C.  E. 

F.  A.  MoLiTOR,  M.  Am.  Soc.  C.  E. 

G.  R.  Solomon,  M.  Am.  Soc.  C.  E. 
W.  A.  Starrett,  M.  Am.  Soc.  C.  E. 

Notes  from  National  Service  Committee 

New  Chief  of  Engineer  Corps,  United  States  Army 
Col.  Lansing  H.  Beach,  M.  Am.  Soc.  C.  E.,  has  been  appointed  by 
the  Secretary  of  War  as  Chief  of  Engineers.     While  Col.  Beach  is 

*  Proceedinfis,  Am.  Soc.  C.  E.,  January,  1920,  p.  61. 
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best  known  for  the  work  lie  has  done  in  connection  with  Mississippi 
River  projects,  he  has  had  the  varied  service  which  comes  to  all  Engi- 
neer Corps  officers  who  have  spent  most  of  their  lives  in  its  service. 
He  has  done  extensive  engineering  work  on  Great  Lakes  projects  and 
was  in  charge  of  the  important  improvements  of  the  harbors  of  Balti- 
more and  Jacksonville.  More  recently  he  has  been  stationed  at 
Cincinnati  in  charge  of  the  construction  of  the  system  of  locks  and 
movable  dams  being  constructed  in  the  Ohio  River.  Col.  Beach  has 
been  prominently  identified  with  the  development  of  inland  water- 
ways as  a  member  of  the  Mississippi  River  Commission  and  as  a 
member  of  the  Board  of  Engineers  for  Rivers  and  Harbors  and  as  an 
advisor  to  the  Waterways  Division  of  the  Railroad  Administration. 

Board  of  Surveys  and  Maps 

The  provision  made  in  the  executive  order*  constituting  a  Board  of 
vSurveys  and  Maps  that  the  Board  was  to  set  up  a  permanent  organiza- 
tion was  carried  into  eifect  on  January  13th,  1920,  when  representa- 
tives from  each  of  the  member  Departments  met  and  elected  O.  C. 
Merrill,  M.  Am.  Soc.  C.  E.,  Chief  Engineer,  Forest  Service,  Depart- 
ment of  Agriculture,  Chairman;  William  Bowie,  M.  Am.  Soc.  C.  E., 
Chief,  Division  of  Geodesy,  Coast  &  Geodetic  Survey,  Department  of 
Commerce,  Vice-Chairman;  and  Col.  C.  H.  Birdseye,  Assoc.  M.  Am. 
Soc.  C.  E.,  Chief  Geographer,  Geological  Survey  of  the  Department 
of  Interior,  Secretary. 

It  is  hoped  that  this  concentration  of  mapping  work  will  permit 
larger  proportionate  appropriations  for  the  country's  mapping  program 
under  the  direction  of  the  Geological  Survey.  In  bringing  this  matter 
to  the  attention  of  the  President,  Engineering  Council  realized  the 
great  value  of  making  reliable  maps  of  the  whole  country  available  to 
every  branch  of  the  Engineering  Profession  in  the  simplest  and  most 
direct  way.  This  will  be  accomplished  through  the  central  informa- 
tion office  provided  in  the  Geological  Survey  to  receive  and  distribute 
Government  and  public  map  data. 

Technical  Work  at  the  Bureau  of  Standards 
Bulletins  dated  January  9th,  1920,  on  the  progress  of  experimental 
work  that  has  been  started  at  the  Bureau  of  Standards  are  as  follows : 
(1)  Accuracy  of  Electrical  Measuring  Instruments;  (2)  Electron 
Tubes  in  Radio  Telephone  Transmitting  Sets;  (3)  Recent  Radio  Pub- 
lications; (4)  Industrial  Safety  Standards;  (5)  Measurement  of 
Thermal  Expansion  of  Various  Materials;  (6)  Service  Tests  of  Con- 
crete Floor  Treatments;  (7)  Consistency  and  Time  of  Set  of  Neat 
Cement  Determined  by  New  Method;  (8)  Slag  as  an  Aggregate  for 
Concrete;  (9)  Flat  Slab  Investigation;   (10)  Manufacture  of  Automo- 

*  See  Prooeedings,  Am.  Soc.  C.  E.,  .January,  1920,  p.  59. 
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bile    Crankshaft;     (11)     Investigation     of    Electric    Welding;     (12) 
Investigation  of  Chilled  Iron  Car  Wheels. 

Because  of  the  current  nature  of  these  investigations  the  residts  are 
not  generally  put  in  printed  form,  but  complete  data  on  the  results  of 
the  work  to  date  is  always  available  on  application  to  the  Bureau  of 
Standards. 

Annual  Appropriations  for  Topographic  Mapping 

As  the  time  for  consideration  of  Departmental  estimates  for  the 
next  Sundry  Civil  Appropriation  Bill  approaches,  the  National 
Service  Committee  of  Engineering  Council,  in  co-operation  with  all 
State  Geologists,  is  urging  prominent  engineers  in  every  Congressional 
district  to  bring  pressure  to  bear  upon  their  Congressmen.  This  has 
been  accomplished  by  selecting  prominent  engineers — members  of  the 
Founder  Societies  in  each  Congressional  district — and  urging  them 
by  direct  appeal  to  request  their  Senators  and  Representative  to 
support  a  $600  000  appropriation  for  topographic  mapping. 

The  State  Geologists  have  co-operated  by  sending  these  engineers 
complete  information  of  the  local  conditions,  so  that  they  may  be 
thoroughly  conversant  with  "back-home"  requirements,  and  thus  be 
more  forceful  with  their  men  in  Congress.  Further,  most  of  the  State 
Geologists  are  endeavoring  to  get  increased  State  appropriations  for 
this  important  work,  which  will  have  to  be  matched  by  an  equal  Federal 
appropriation  in  most  cases  before  they  become  available  for 
expenditure. 

The  estimates  submitted  by  the  Secretary  of  the  Interior  call  for 
an  increased  mapping  program  to  cost  $600  000  annually,  instead  of 
$500  000  which  was  last  year's  estimate.  It  will  be  recalled  that  the 
last  Sundry  Civil  Appropriation  Bill  provided  $375  000  for  topographic 
mapping,  which  was  less  by  $50  000  than  pre-war  annual  appropria- 
tions for  this  work.  This  year's  estimate  contemplates  a  program  that 
will  complete  topographic  mapping  in  twelve  years  instead  of  one 
hundred  years  which  will  be  required  if  the  old  appropriation  is  not 
increased. 


Correction — Item  Regarding  Maj.=Qen.  Black  and  Col.  Abbot  in  Error 

It  is  with  regret  that  attention  is  called  to  two  errors  appearing  in 
the  item  "Ma j. -Gen.  Black  Retires  from  Active  Service  as  Chief  of 
Engineers"  in  Proceedings  for  Oct.-Nov.-Dec,  page  939.  The  informa- 
tion there  given  was  prepared  from  an  article  in  the  Army  and  Navy 
Journal  of  November  8th,  1919,  stating  that  "during  the  World  War 
he  (Gen.  Black)  was  awarded  the  D.  S.  M.  for  his  service  on  the 
National  Research  Council  during  that  period".  This  statement  is 
incorrect.    The  actual  fact  is  that  the  citation  under  which  Gen.  Black 
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was  awarded  the  Distinguished  Service  Medal  reads:  "For  especially 
meritorious  and  conspicuous  service  in  planning  and  administering  the 
engineer  and  military  railway  service  during  the  war". 

Attention  is  further  called  to  the  incorrect  surname  of  "Francis" 
applied  to  Gen.  Frederic  V.  Abbot,  M.  Am.  Soc.  C.  E.,  also  copied  from 
the  above-mentioned  article.  A  letter  from  Col.  Abbot  concludes  as 
follows : 

"I  have  not  been  detailed  temporarily  as  Acting  Chief  of  Engineers, 
but  by  virtue  of  being  the  senior  officer  left  on  duty  in  the  Office  of 
the  Chief  of  Engineers  at  Washington,  I  am  ex  officio  Acting  Chief  of 
Engineers  without  any  detail  by  anybody." 

Research  Graduate  Assistantships  at  University  of  Illinois 

The  following  extracts  from  a  circular  received  from  C.  R.  Richards, 
Dean  and  Director,  College  of  Engineering  and  Engineering  Experi- 
ment Station,  University  of  Illinois,  Urbana,  111.,  describe  the  Research 
Graduate  Assistantships  offered  by  the  University.  There  will  be  eight 
vacancies  to  be  filled  at  the  close  of  the  current  academic  year. 

"To  assist  in  the  conduct  of  Engineering  Research  and  to  extend 
and  strengthen  the  field  of  its  graduate  work  in  Engineering,  the 
University  of  Illinois  maintains  fourteen  Research  Graduate  Assistant- 
ships  in  the  Engineering  Experiment  Station.  Two  other  such 
assistantships  have  been  established  under  the  patronage  of  the  Illinois 
Gas  Association.  These  assistantships,  for  each  of  which  there  is  an 
annual  stipend  of  $500  and  freedom  from  all  fees  except  the  matricu- 
lation and  diploma  fees,  are  open  to  graduates  of  approved  American 
and  foreign  universities  and  teclinical  schools  who  are  prepared  to 
undertake  graduate  study  in  Engineering,  physics,  or  applied 
chemistry. 

"An  appointment  to  the  position  of  Research  Graduate  Assistant 
is  made  and  must  be  accepted  for  two  consecutive  collegiate  years,  at 
the  expiration  of  which  period,  if  all  requirements  have  been  met,  the 
degree  of  Master  of  Science  will  be  conferred.  Not  more  than  half 
of  the  time  of  a  Research  Graduate  Assistant  is  required  in  connection 
with  the  work  of  the  department  to  which  he  is  assigned,  the  remainder 
being  available  for  graduate  study. 

"Nominations  to  these  positions,  accompanied  by  assignments  to 
special  departments  of  the  Engineering  Experiment  Station,  are  made 
from  applications  received  by  the  Director  of  the  Station  each  year  not 
later  than  the  first  day  of  March.  The  nominations  are  made  by  the 
Executive  Staff  of  the  Station,  subject  to  the  approval  of  the  President 
of  the  University.  Nominations  are  based  upon  the  character, 
scholastic  attainments,  and  promise  of  success  in  the  principal  line  of 
study  or  research  to  which  the  candidate  proposes  to  devote  hiinself. 
Preference  is  given  those  applicants  who  have  had  some  practical  engi- 
neering experience  following  the  completion  of  their  undergraduate 
work.  Appointments  are  made  in  the  spring,  and  they  become  effective 
the  first  day  of  the  following  September.  Vacancies  may  be  filled 
by  similar  nominations  and  appointments  at  other  times." 
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Engineering  Congress  at  Batavia,  Java 

The  General  Engineering  Congress*  to  be  held  at  Batavia,  Java, 
in  May,  1920,  has  announced  the  following  tentative  programme: 

May  8th. — Official  Opening  at  the  Palace  (Government  House)  at 
Weltevreden,  by  His  Excellency  Count  van  Linburg  Stirum,  Governor- 
General  of  the  Netherlands,  East  Indies,  Patron  of  the  General  Engi- 
neering Congress;  speech  by  the  Burgomaster  of  Batavia;  dinner  at 
the  Gardens,  followed  by  a  welcoming  speech  by  the  Chairman  of  the 
Local  Committee. 

May  9th. — Motor  excursion  through  Batavia ;  reception  by  the  Town 
Council,  followed  by  a  Concert  at  the  Harmony  Club  and  a  socia' 
gathering  in  the  evening. 

May  10th. — Meetings  of  the  Sections  in  the  morning,  to  be  fol- 
lowed by  a  Concert  at  the  Concordia  Club;  lectures  illustrated  with 
lantern  slides  in  the  evening,  followed  by  Governor-General's  reception 
at  the  Palace. 

May  11th. — Meetings  of  the  Sections;  Concert  at  the  Concordia 
Club,  and  a  Soiree  at  the  Harmony  Club. 

May  12th. — Visits  to  the  Museum,  the  Topographical  Institute,  etc. 
In  the  evening,  readings  by  natives  on  Native  Development,  Manner  of 
Life,  etc. 

May  13th. — Meetings  of  the  Sections;  Concert  at  the  Concordia 
Club;  gala  Symphony'  Concert  at  the  Concordia  Club  in  the  evening. 

May  14th. — Meetings  of  the  Sections  and  Concert  at  the  Concordia 
Club;  theatre  in  the  evening. 

May  15th. — Meetings  of  the  Sections;  final  meeting,  speeches  by  the 
Honorary  Presidents  and  foreign  delegates;  Congress  dinner,  fol- 
lowed by  a  Ball. 

At  a  meeting  of  the  Board  of  Direction,  E.  A.  Silagi  and  A.  Groot- 
ho£F,  Assoc.  Members,  Am.  Soc.  C.  E.,  were  appointed  delegates  to  rep- 
resent the  Society  at  the  Engineering  Congress. 


EUROPEAN   NOTES 

The  following  notes  relative  to  reconstruction,  etc.,  in  Belgium  and 
France,  and  industrial  progress,  etc.,  in  Great  Britain  and  elsewhere, 
have  teen  contributed  by  W.  E.  Woolley,  Assoc.  M.  Am.  Soc.  C.  E.,  of 
London,  England,  who  is  also  a  Corresponding  Member  of  the  Associa- 
tion of  Liege  (Belgium)  Architects. 

National  Congress  of  Belgian  Architects 

The  ninth  National  Congress  of  Belgian  Architects  convened  on 
December  14th,  1919,  at  the  Palais  de  la  Bourse,  Brussels.  The  Presi- 
dent, M.  Mankels,  referred  to  the  part  played  by  Belgian  architects 

♦See  Proceedings,  Am,  Soc.  C.  E.,  April,  1919,  p.  422. 
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during  the  War,  and  named  those  who  had  fallen  on  the  battlefield,  and 
those  who  had  died  in  other  ways  for  their  country. 

M.  Arthur  Snyers,  President,  Association  des  Architects  de  Liege, 
discussed  the  question  of  the  axchitect's  diploma,  which  had  been 
agitated  for  since  1874  in  the  various  professional  organs  and  con- 
gresses. He  said  it  was  not  sufficient  that  the  architect  should  have 
indispensable  knowledge,  it  is  necessary  in  addition  that  he  be  an  artist. 
Public  authorities  appear  to  welcome  such  measures,  but  the  diploma, 
which  would  be  recognized  by  law,  has  not,  however,  been  created.  A 
resolution  inviting  the  authorities  to  immediately  create  an  archi- 
tect's diploma,  which  is  indispensable  to  the  reconstruction  of  the 
country,  and  charging  the  Federation  to  enter  immediately  into 
co-operation  with  the  Government  for  the  realization  of  this  measure, 
was  unanimously  adopted. 

Was  it  necessary  to  rebuild  Ypres  as  it  was  before  the  War? 
asked  M.  L.  David.  He  thought  not.  The  economic  conditions  have 
changed,  the  destroyed  towns  cannot  be  as  they  were.  Plans  and  the 
procedure  of  reconstruction  should  be  adapted  to  the  exigencies  of 
modern  life  and  social  evolution,  but  preserving  the  principal  ruins — 
The  Halles,  St.  Martin,  St.  Pierre — as  a  testimony  to  German  van- 
dalism and  to  the  endurance  and  the  courage  of  the  Allies. 

M.  Vinck  announced  that  the  Railway  Department,  also  the  Depart- 
ments of  Science  and  Arts,  will  enforce  stipulations  to  obtain  in  future 
an  artistic  character  for  schools,  stations,  etc.  Competitions  will  be 
organized  for  this  purpose. 

With  one  exception,  all  were  in  favor  of  the  reconstruction  of 
Ypres  in  modern  style,  the  ruins  of  the  Halles  (Cloth  Hall)  and  of 
St.  Martin  only  to  be  preserved. 

Bush  Company   Purchases  Aldwych  Site 

For  some  time  it  has  been  known,  according  to  the  London  Daily 
Chronicle,  that  the  Aldwych  Island  site  in  the  Strand  had  been 
acquired  by  the  Bush  Company,  Ltd.  (Bush  Terminal  Company  of  New 
York).    The  lease  with  the  London  County  Council  has  been  signed. 

It  is  proposed  to  erect  a  £2  000  000  building. 

Battlefield  Tourist  Hotels 

M.  Claveille,  French  Minister  of  Public  Works,  has  introduced  in 
the  Chamber  of  Deputies  a  bill  for  the  organization  of  the  devastated 
districts. 

The  Bill  authorizes  a  loan  of  £1  200  000  for  building  hotels,  res- 
taurants, and  camps,  and  providing  means  of  transport  for  the  con- 
venience of  visitors. 
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Wireless  Telephony 

Experiments  are  proceeding  with  the  object  of  increasing  the  range 
of  wireless  telephony,  and  eliminating,  according  to  the  London  Daily 
Chronicle,  interference  with  conversation  conducted  by  means  of  this 
instrument. 

Recently  a  series  of  tests  were  carried  out  by  the  Marconi  Co. 
between  their  works  at  Chelmsford  and  a  point  near  Amsterdam,  in 
which  Dutch  experts  took  part.  The  results  obtained  are  stated  to 
have  been  in  every  way  satisfactory. 

Conversations  have  taken  place  with  America,  but  they  were  simply 
experimental. 

At  the  present  moment,  the  device  is  being  employed  in  districts 
unequipped  with  the  ordinary  telephones,  among  the  purchasers  being 
the  Chinese,  who  have  acquired  a  large  number  of  sets. 


BRIEF  NOTES 


The  U.  S.  Forest  Service  announces  that  damage  by  forest  fires  in 
the  eastern  section  of  the  country,  and  likewise  in  Mississippi 
Valley,  is  far  in  excess  of  that  in  the  West.  The  average  annual  loss, 
for  the  three-year  period  ending  1918,  due  to  forest  fires  in  the  entire 
country  was  $20  727  917.  The  average  of  total  area  burned  annually 
was  13  969  331  acres.  The  region  lying  to  the  east  and  south  of  Ohio, 
Kentucky,  and  Tennessee  included  47%  of  the  total  area  burned,  and 
siistained  32%  of  the  total  damage.  In  the  Mississippi  Valley,  the 
damage  was  61%  of  the  total. 

The  Director  of  Sales  of  the  War  Department  announces  that  the 
Ordnance  Department  Salvage  Board,  through  the  New  York  Dis- 
trict Office,  is  offering  for  sale  by  negotiation  the  land,  buildings,  and 
equipment  of  a  Sulphuric  Acid  Plant  at  Mount  Union,  Pa. 

What  is  said  to  be  the  world's  largest  sale  of  commercial  airplanes 
was  made  at  the  recent  aeronautical  show  in  Chicago.  One  company 
sold  440  planes  to  B.  L.  Brookins  of  Tulsa,  Okla.,  for  $2  500  000.  Air- 
planes are  now  in  great  demand  in  oil  fields,  the  operators  using  them 
to  reach  new  fields  when  a  '^strike"  is  made.  Directors  of  the  show 
estimated  the  total  sales  of  the  week  at  1  700  planes. 

According  to  the  Comptroller  of  the  Currency,  the  earnings  of  8  000 
banking  institutions  in  the  coimtry  last  year  exceeded  all  previous 
figures  and  will  appi'oximate  $1 000  000  000  gross  and  not  far  from 
$300  000  000  net.  This  record  is  attributed  largely  tn  the  high  efficiency 
and  invaluable  aid  of  the  Federal  Reserve  system. 

C.  A.  Prouty,  of  the  Interstate  Commerce  Commission,  predicted 
before  the  House  Appropriations  Committee  at  Washington,  D.  C,  that 
the  valuation  of  railroads,  begun  five  years  ago,  would  be  completed 
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by  the  Commission  within  two  years.  The  cost  will  be  approximately 
$21  000  000. 

The  Secretary  of  War  has  asked  the  House  Appropriations  Com- 
mittee for  an  increase  in  appropriations  for  the  maintenance  of  the 
Panama  Canal  from  $12  000  000  to  $18  000  000. 

The  Salvage  Division,  Office  of  Director  of  Storage  of  the  War 
Department,  reports  that  sale  of  wEiste  materials  and  unserviceable 
property  from  December  1st  to  December  18th,  1914,  amounted  to 
$846  756 — an  increase  of  86%  over  sales  for  a  corresponding  period  of 
November.  It  was  estimated  that  final  returns  will  show  such  sales 
during  December  amounted  to  approximately  $1  500  000,  exceeding  all 
previous  records. 

The  Director  of  Sales  of  the  War  Department  announces  offer  to 
sell  to  State,  miinicipal  and  county  institutions  any  commodities  or 
materials  embraced  in  its  surplus  stock  at  a  discount  of  10%  from 
prices  prevailing  in  the  Army  Quartermaster  retail  stores  or  prices  at 
which  those  institutions  can  purchase  similar  commodities  in  similar 
quantities  through  established  trade  channels. 

The  Secretary  of  War  has  recommended  to  Congress  legislation 
authorizing  an  army  of  approximately  275  000  officers  and  men  for 
remainder  of  fiscal  year.  This  number  is  100  000  in  excess  of  the 
peace-time  army  permitted  by  the  National  Defense  Act. 
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ANNOUNCEMENTS 

The  Reading  Room  of  the  Society  is  open  from  9  A.  M.  to  10 
P.  M.,  every  day,  except  Sundays,  New  Year's  Day,  Memorial  Day, 
Fourth  of  July,  Labor  Day,  Thanksgiving  Day,  and  Christmas  Day; 
during  July  and  August,  it  is  closed  at  6  P.  M. 

FUTURE  MEETINGS 

March  3d,  1920,  8.30  P.  M. — This  will  be  a  regular  business  meet- 
ing, A  paper  by  Frank  G.  Jonah,  M.  Am.  Soc.  C.  E.,  entitled  "The 
'Light  Railways'  of  the  Battle  Front  in  France,"  will  be  presented  for 
discussion. 

This  paper  was  printed  in  the  Proceedings  for  January,  1920. 

March  17th,  1920,  8.30  P.  M.— A  meeting  will  be  held  on  this 
evening  as  usual,  and  announcement  of  the  programme  which  is  in 
the  hands  of  the  Programme  Committee  for  Second  Meeting  of  Each 
Month,  will  be  made  later. 

April  7th,  1920,  8.30  P.  M. — A  regular  business  meeting  will  be 
held,  and  a  paper  by  Herbert  C.  Keith,  M.  Am.  Soc.  C.  E.,  entitled 
"A  Novel  Method  of  Repairing  a  Swing  Bridge,"  will  be  presented  for 
discussion. 

This  paper  is  printed  in  this  number  of  Proceedings. 

April  2ist,  1920,  8.30  P.  M.— The  usual  meeting  will  be  held  and 
announcement  of  the  subject  and  speaker  will  be  made  later. 

ENGINEERING    SOCIETIES    EMPLOYMENT    BUREAU 

Engineering  Societies  Employment  Bureau,  established  December 
1st,  1918,  as  an  activity  of  Engineering  Council,  is  managed  by  a  board 
made  up  of  the  Secretaries  of  the  four  Founder  Societies,  funds  for  its 
maintenance  being  provided  by  these  Societies.  The  work  of  the 
Bureau  since  its  inception  has  been  largely  in  the  line  of  securing 
employment  for  men  retiring  from  government  war  service.  Members 
of  the  American  Society  of  Civil  Engineers  who  desire  to  register  with 
this  Bureau  should  apply  for  further  information,  registration  forms, 
etc.,  to  Walter  V.  Brown,  Manager,  Engineering  Societies  Employment 
Bureau,  First  Floor,  Engineering  Societies  Building,  29  West  39th 
Street,  New  York  City. 

SEARCHES  IN  THE  LIBRARY 

As  the  Library  of  the  American  Society  of  Civil  Engineers  has  been 
merged  in  the  Engineering  Societies  Library,  requests  for  searches, 
copies,  translations,  etc.,  should  be  addressed  to  the  Director,  Engineer- 
ing Societies  Library,  29  West  39th  Street,  New  York  City,  who  will 
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gladly  give  information  concerning  the  charges  for  the  various  kinds 
of  service.  A  more  comprehensive  statement  in  regard  to  this  matter 
will  be  found  on  page  21  of  the  Year  Book  for  1919. 

PAPERS  AND  DISCUSSIONS 

Members  and  others  who  take  part  in  the  oral  discussions  of  the 
papers  presented  are  urged  to  revise  their  remarks  promptly.  Written 
communications  from  those  who  cannot  attend  the  meetings  should  be 
sent  in  at  the  earliest  possible  date  after  the  issue  of  a  paper  in 
Proceedings. 

All  papers  accepted  by  the  Publication  Committee  are  classified  by 
the  Committee  with  respect  to  their  availability  for  discussion  at 
meetings. 

Papers  which,  from  their  general  nature,  appear  to  be  of  a  character 
suitable  for  oral  discussion  will  be  published  as  heretofore  in  Proceed- 
ings, and  set  down  for  presentation  to  a  future  meeting  of  the  Society, 
and,  on  these,  oral  discussion,  as  well  as  written  communications,  will 
be  solicited. 

All  papers  which  do  not  come  under  this  heading,  that  is  to  say, 
those  which  from  their  mathematical  or  technical  nature,  in  the  opinion 
of  the  Committee,  are  not  adapted  to  oral  discussion,  will  not  be 
scheduled  for  presentation  to  any  meeting.  Such  papers  will  be  pub- 
lished in  Proceedings  in  the  same  manner  as  those  which  are  to  be 
presented  at  meetings,  but  written  discussions  only  will  be  requested 
for  subsequent  publication  in  Proceedings  and  with  the  paper  in  the 
volumes  of  Transactions. 

The  Board  of  Direction  has  adopted  rules  for  the  preparation  and 
presentation  of  papers,  which  will  be  found  on  page  35  of  the  Year 
Book  for  1919. 

LOCAL  ASSOCIATIONS  OF  MEMBERS 
OF  THE  AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

San  Francisco  Association,  Organized  1905. 

M.  M.  O'Shaughnessy,  President;  Nathan  A.  Bowers,  Secretary- 
Treasurer,  502  Rialto  Building,  San  Francisco,  Cal. 

The  San  Francisco  Association  of  Members  of  the  American  Society 
of  Civil  Engineers  holds  regular  bi-monthly  meetings,  with  banquet, 
and  weekly  informal  luncheons.  The  former  are  held  at  6  P.  M.,  at  the 
Engineers'  Club,  67  Post  Street,  on  the  third  Tuesday  of  February, 
April,  June,  August,  October,  and  December,  the  last  being  the  Annual 
Meeting  of  the  Association. 

Informal  luncheons  are  held  at  noon,  every  Wednesday,  at.  the 
Engineers'  Club,  where  special  tables  are  reserved  for  members  and 
guests  of  the  Association. 
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The  by-laws  of  the  Association  provide  for  the  extension  of  hospi- 
tality to  any  member  of  the  Society  who  may  be  temporarily  in  San 
Francisco,  and  any  such  member  will  be  gladly  welcomed  as  a  guest. 

Colorado  Association,  Organized  1908. 

W.  C.  Huntington,  President;  A.  N.  Miller,  Secretary-Treasurer, 
1400  West  Colfax  Avenue,  Denver,  Colo. 

The  meetings  of  the  Colorado  Association  of  Members  of  the  Ameri- 
can Society  of  Civil  Engineers  (Denver,  Colo.)  are  held  on  the  second 
Saturday  of  each  month,  except  July  and  August.  The  hour  and  place 
of  meeting  are  not  fixed,  but  this  information  will  be  furnished  on 
application  to  the  Secretary.  The  meetings  are  usually  preceded  by  an 
informal  dinner.  Members  of  the  American  Society  of  Civil  Engineers 
will  be  welcomed  at  these  meetings. 

Weekly  luncheons  are  held  on  Wednesday,  at  12.30  p.  m.,  at  Daniels 
and  Fisher's. 

Visiting  members  are  urged  to  attend  the  meetings  and  luncheons. 

Atlanta  Association,  Organized   1912. 

V.  H.  Kriegshaber,  President;  Howard  L.  Stillwell,  Secretary- 
Treasurer,  533  Trust  Co.  of  Georgia  Bldg.,  Care,  Southeastern  Under- 
writers' Association,  Atlanta,  Ga. 

Informal  luncheons  are  held  for  members  of  the  Association  on  the 
last  Monday  of  each  month,  at  12.30  p.  m.,  to  which  visiting  members 
of  the  American  Society  of  Civil  Engineers  will  be  welcomed.  The 
place  is  not  fixed,  but  this  information  will  be  furnished  on  application 
to  the  Secretary. 

Baltimore  Association,  Organized  1914. 

H.  G.  Perring,  President;  Charles  J.  Tilden,  Secretary- Treasurer, 
The  Johns  Hopkins  University,  Baltimore,  Md. 

Cleveland  Association,  Organized  1914. 

W.  P,  Brown,  President;  George  H,  Tinker,  Secretary-Treasurer, 
516  Columbia  Building,  Cleveland,  Ohio. 

The  regular  meetings  of  the  Association  are  held  on  the  second 
Wednesday  of  each  month,  at  12.15  p.  M.,  in  the  Rooms  of  the  Electrical 
League,  on  the  Fourteenth  Floor  of  the  Statler  Hotel.  Luncheon  is 
served  at  these  meetings,  and  visiting  members  are  invited  to  attend. 

Connecticut  Association,  Organized  1919. 

C.  M.  Saville,  President;  R.  J.  Ross,  Secretary,  Municipal  Biiilding, 
Hartford,  Conn. 

The  Annual  Meeting  of  the  Association  is  held  in  April.  The 
Association  holds  fortnightly  meetings  alternating  between  Hartford 
and  New  Haven,  Conn.  These  meetings  are  informal  luncheon  gather- 
ings held  usually  at  noon  on  Saturday,  a  notice  being  mailed  to  each 
member  calling  attention  to  the  date,  time,  place,  and  subject  for 
discussion.  Members  are  privileged  to  invite  guests  regardless  of 
their  affiliation  as  engineers.  No  set  speeches  are  scheduled,  but  certain 
members  are  asked  to  be  prepared  to  present  the  assigned  svibject  and 
lead  in  a  general  discussion. 
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Detroit  Association,   Organized   1916. 

T.  A.  Leisen,  Presideut;  Clarence  W.  Hubbell,  Secretary,  2348 
Penobscot  Building,  Detroit,  Mich. 

The  regular  meetings  of  the  Association  are  held  on  the  second 
Friday  of  December,  April,  and  October,  the  last  being  the  Annual 
Meeting. 

District  of  Columbia  Association,   Organized   1916. 

David  S.  Carll,  President;  James  0.  Yan  Wagenen,  Secretary- 
Treasurer,  719  Fifteenth  Street,  N.  W.,  Washington,  D.  C. 

Duluth  Association,  Organized  1917. 

G.  A.  Taylor,  President;  Walter  G.  Zimmermann,  Secretary,  Wolvin 
Building,  Duluth,  Minn. 

The  regular  meetings  of  the  Association  are  held  at  noon  on  the 
third  Monday  of  each  month  (usually  at  the  Kitchi  Gammi  Club), 
with  luncheon,  followed  by  a  short  business  session  and  the  reading  of 
papers.  Visiting  members  of  the  American  Society  of  Civil  Engineers 
can  secure  from  the  Secretary  definite  information  relative  to  the 
meetings,  at  which  they  will  be  welcomed.  The  Annual  Meeting  is 
held  on  the  third  Monday  in  May. 

(Abstract  of  Minutes  of  Meetings) 

October  20th,  1919- — The  meeting  was  called  to  order  at  the  Kitchi 
Gammi  Club ;  President  G.  A.  Taylor  in  the  chair ;  Walter  G.  Zimmer- 
mann, Secretary;  and  present,  also,  14  members. 

The  minutes   of  the  previous   meetings   were   read   and   approved. 

The  Secretary  read  a  resolution  adopted  by  the  Pittsburgh  Asso- 
ciation urging  haste  on  the  part  of  Engineering  Council's  Committee 
on  Classification  and  Compensation  of  Engineers  in  completing  and 
publishing  its  report.  On  motion,  duly  seconded,  the  resolution  was 
ordered  filed. 

Mr.  W.  H.  Hoyt  presented  a  brief  report  of  the  meeting  of  the 
Committee  on  Development  at  Ann  Arbor,  Mich.,  September  22d  to 
25th,  1919,  inclusive. 

Adjourned. 

November  17th,  1919. — The  meeting  was  called  to  order  at.  the 
Kitchi  Gammi  Club;  President  Taylor  in  the  chair;  Walter  G.  Zim- 
mermann, Secretary;  and  present,  also,  22  members. 

President  Taylor  announced  that  Mr.  Elbert  H.  Dresser  had  received 
notice  of  his  election  as  a  Member  of  the  Society. 

The  minutes  of  the  meeting  of  October  20th,  1919,  were  read  and 
approved. 

The  Secretary  read  a  letter  from  Mr.  Harry  Hawgood,  of  Los 
Angeles,  Cal.,  Director  of  District  No.  11,  asking  for  an  expression 
of  preference  from  the  Association  in  the  matter  of  the  place  for 
holding  the  next  Annual  Convention  of  the  Society  at  Los  Angeles, 
Cal.,  or  Houston,  Tex.  On  motion,  duly  seconded,  the  Society  was 
instructed  to  inform  Mr.  Hawgood  that  the  Association  favored  Los 
Angeles  as  the  meeting  place. 
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A  letter  was  read  from  Mr.  M.  O.  Leighton,  Chairman  of  the 
Engineers',  Architects'  and  Constructors'  Conference  on  National 
Public  Works,  at  Washington,  D.  C,  pertaining  to  the  Jones-Reavis 
Bill  providing  for  the  creation  of  a  Federal  Department  of  Public 
Works,  urging  the  Association,  as  well  as  all  engineering  societies 
and  chapters,  to  do  missionary  work  for  this  bill. 

Mr.  W.  H.  Hoyt  announced  that  he  had  been  appointed  a  member 
of  the  Executive  Committee  of  this  Conference,  as  well  as  Chairman 
for  the  State  of  Minnesota,  and  that  through  the  Minnesota  Joint 
Engineering  Board,  the  necessary  correspondence  was  already  being 
carried  on  and  that  the  Senators  and  Congressmen  for  Minnesota  had 
been  interviewed  in  regard  to  the  bill. 

After  a  general  discussion  of  Mr.  Leighton's  letter,  it  was  decided, 
on  motion,  duly  seconded,  that  the  matter  be  referred  to  Mr.  Hoyt 
as  State  Chairman  to  ascertain  why  this  letter  by  Mr.  Leighton  had 
been  sent  out  in  such  a  way  as  to  render  liable  dissension  in  the 
Profession. 

On  motion,  duly  seconded,  a  committee  of  three  bachelors  was 
appointed  to  arrange  for  an  entertainment  or  a  party  for  the  wives  and 
sweethearts  of  the  members. 

Mr.  W.  L.  Darling,  the  representative  from  the  district  on  the 
Nominating  Committee  of  the  Society,  presented  statistics  as  to  the 
number  of  Past  Directors  in  the  District  No.  7  per  each  State  and 
province  and  his  reason  for  suggesting  the  nomination  of  Anson  Mar- 
ston,  Dean  of  Engineering,  Iowa  State  College,  as  Director  of  the 
District  to  be  elected  at  the  Annual  Meeting  of  the  Society  in  January, 
1920.  Mr.  Darling  gave  a  detailed  account  of  the  professional  record  of 
Dean  Marston  and  also  of  Arthur  P.  Davis,  the  nominee  for  President 
of  the  Society. 

Adjourned. 

December  15th,  1919. — The  meeting  was  called  to  order  at  the 
Kitchi  Gammi  Club;  President  Taylor  in  the  chair;  Walter  G.  Zim- 
mermann.  Secretary;  and  present,  also,  22  members  and  2  guests. 

The  minutes  of  the  meeting  of  November  17th,  1919,  were  read  and 
approved. 

Col.  Pope  reix)rted  that  the  Special  Entertainment  Committee,  con- 
sisting of  himself,  and  Messrs.  Bryant  and  Cokefair,  had  consulted 
with  various  members  of  the  Association  as  to  the  proposed  entertain- 
ment for  wives  and  sweethearts,  and  suggested  that  it  be  in  the  form 
of  a  dinner  and  theatre  party.  On  motion,  duly  seconded,  the  Com- 
mittee was  authorized  to  make  the  necessary  arrangements  for  such 
a  programme. 

Mr.  D.  A.  Reed  presented  the  question  of  the  formation  of  a  City 
Planning  Committee  for  the  City  of  Duluth,  stating  that  the  idea  of 
the  Committee  of  the  Commercial  Club  which  had  the  matter  in  hand 
was  to  establish  a  Board  of  City  Planning  with  a  ]iaid  executive  staff 
and  engineering  department  and  suggesting  that  the  members  of  the 
Association  have  the  matter  in  mind  so  as  to  be  able  to  make  suggestions 
when  the  opportunity  arose.  The  matter  was  discussed  further  by 
Messrs.  Coe,  Hawley,  and  Stack. 
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A  paper  on  the  ''Suburban  Transportation  System  for  the  City  of 
Duluth"  by  Mr.  H.  C.  Ash  was  presented  by  the  author. 

Mr.  W.  L.  Darling  spoke  on  the  absurdity  of  the  statements  recently 
made  by  an  astronomer  in  California  regarding  the  disaster  predicted 
for  the  earth  between  December  iTth  and  23d,  1919,  on  account  of  the 
proximity  of  certain  planets  to  the  sun. 

Adjourned. 

January  12th,  1920. — The  special  meeting  was  called  to  order  at 
the  Duluth  Commercial  Club;  President  Taylor  in  the  chair;  Walter  G. 
Zinnnermann,  Secretary;  and  present,  also,  23  members  and  1  guest. 

President  Taylor  stated  that  the  object  of  the  special  meeting  was 
to  consider  the  report  of  the  Committee  on  Development  and  decide 
what  if  any  action  should  be  taken  by  the  Association  in  regard  to  it 
and  the  nine  questions  submitted  to  the  Board  of  Direction  with  the 
report,  prior  to  the  Annual  Meeting  of  the  Society. 

The  Secretary  presented  a  letter  from  President  Taylor  to  the 
Board  of  Direction  of  the  Society  asking  why  the  nine  questions  previ- 
ously mentioned  had  not  been  submitted  to  the  membership  of  the 
Society  and  Secretary  Hunt's  reply  acknowledging  receipt  of  the  letter 
and  stating  that  the  matter  would  be  referred  to  the  Board  Meeting 
of  January  19th,  1920. 

Mr.  W.  H,  Hoyt,  the  representative  of  District  ISTo.  7  on  the 
Development  Committee,  read  and  commented  on  the  nine  questions, 
which  he  stated  had  been  drawn  up  by  a  Sub-Committee  of  the  Com- 
mittee consisting  of  Mr.  Richard  L.  Humphrey  of  Philadelphia,  Pa., 
and  himself. 

Communications  were  read  from  the  Colorado,  Nebraska,  North- 
western and  Philadelphia  Associations,  pertaining  to  the  action  taken 
by  these  Associations  in  order  to  secure  prompt  action  on  the  report. 

A  letter  from  Mr.  W.  H.  Woodbury  was  also  read  suggesting  that 
the  Association  send  either  an  emphatic  statement  or  a  delegate  to  the 
Annual  Meeting  of  the  Society  with  a  view  to  urging  prompt  action 
on  the  Development  Committee's  report. 

Mr.  O.  H.  Dickerson  stated  that  he  had  recently  attended  a  special 
meeting  of  the  Northwestern  Association  at  St.  Paul  at  which  the 
Development  Committee  report  had  been  discussed  and  at  which  that 
Association  had  appointed  a  delegate  to  the  Annual  Meeting. 

On  motion,  duly  seconded,  the  President  was  instructed  to  appoint 
a  delegate  from  the  Association  to  attend  the  Annual  Meeting  in  New 
York  City  and  that  this  delegate  be  instructed  that  it  is  the  view  of 
the  Association  that  the  nine  questions,  regardless  of  their  merit, 
should  be  submitted  to  the  membership  of  the  Society  in  order  to  give 
them  the  opportunity  of  expressing  their  views  thereon. 

Illinois  Association,  Organized  1916. 

Albert  Reichmann,  President;  W.  D.  Gerber,  Secretary-Treasurer, 
913  Chamber  of  Commerce,  Chicago,  HI. 

The  regular  meetings  of  the  Association  are  held  on  the  second 
Monday  of  March,   June,   September,   and  December,  the  last  being 
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the  Annual  Meeting.  The  hour  and  place  of  meetings  are  not  fixed, 
but  this  information  will  be  furnished  on  application  to  the  Secretary. 

(Abstract  of  Minutes  of  Meeting) 

December  19th,  19 19. — The  Annual  Meeting  was  called  to  order  at 
the  Engineers'  Club;  President  H.  J.  Burt  in  the  chair;  E.  S.  Nether- 
cut,  Secretary;  and  present,  also,  37  members  and  guests. 

The  minutes  of  the  previous  meeting  were  approved  without 
reading. 

The  Secretary-Treasurer  presented  his  annual  report,  and,  on 
motion,  duly  seconded,  Mr.  Albert  Reichmann  was  appointed  to  audit 
the  books  of  the  Treasurer. 

On  motion,  duly  seconded,  the  following  officers  were  nominated 
and  elected:  President,  Albert  Reichmann;  Vice-President,  A.  J.  Ham- 
mond; and  Secretary-Treasurer,  W.  D.  Gerber. 

The  President  declared  the  members  of  the  Executive  Committee 
for  1920  to  be:  President,  Albert  Reichmann;  Vice-Presidents,  A.  J. 
Hammond  and  C.  B.  Burdick,  Past-President,  H.  J.  Burt;  and  Secre- 
tary-Treasurer, W.  D.  Gerber. 

Mr.  A.  J.  Hammond,  Chairman  of  the  Special  Committee  on 
Arrangement  and  Co-operation  between  the  Association  and  the 
Western  Society  of  Engineers,  presented  the  following  recommenda- 
tions as  the  unanimous  report  of  the  Committee : 

"1.  It  is  deemed  desirable  and  advisable  that  the  Hlinois  Association 
of  the  American  Society  of  Civil  Engineers  co-operate  in 
every  way  with  the  Western  Society  of  Engineers  for  the 
benefit  of  the  Engineering  Profession. 

"2.  That  arrangements  be  perfected  with  the  Western  Society  of 
Engineers  whereby  the  Secretary  of  that  Society  may  assume 
the  clerical  duties  required  to  take  care  of  interests  of  the 
Illinois  Association. 

•'3.  That  the  National  Society,  American  Society  of  Civil  Engineers, 
be  requested  to  divert  sufficient  funds  from  the  general  receipts 
of  the  Society  to  pay  the  legitimate  clerical  expense  involved 
in  Item  2. 

"4.  All  Illinois  members  of  the  American  Society  of  Civil  Engi- 
neers shall  automatically  become  members  of  the  Illinois 
Association.  They  should  all  be  urged  to  be  members  of  the 
Western  Society  of  Engineers. 

"5.  The  American  Institute  of  Electrical  Engineers  and  the  Ameri- 
can Society  of  Mechanical  Engineers  now  have  arrangements 
made  with  the  Western  Society  of  Engineers  which  provide 
for  joint  meetings  and  other  privileges.  Similar  co-operation 
or  closer  connection  also  should  be  made  by  the  Illinois  Asso- 
ciation of  the  American  Society  with  the  Western  Society 
of  Engineers. 

"6.  The  employment  bureau  feature  of  the  New  York  quarters  of 
the  National  Society,  to  be  featured  by  the  Illinois  Associa- 
tion, should  also  be  in  conjunction  with  the  Western  Society 
of  Engineers. 
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"7.  Stated  meetings  are  to  be  arranged  to  be  held  at  the  Western 
Society  of  Engineers'  rooms,  possibly  bi-monthly.  Papers 
which  are  to  be  presented  to  the  National  Society,  New  York, 
may  also  be  presented  and  discussed  at  the  same  time  as 
presented  in  New  York,  at  these  meetings.  These  meetings  to 
be  held  in  conjunction  with  the  Western  Society  of  Engineers. 

"8.  That  the  initiative  be  taken  by  the  Illinois  Association  of  the 
American  Society  of  Civil  Engineers  towards  a  more  active 
and  closer  relationship  and  co-operation  with  the  Western 
Society  of  Engineers  and  also  towards  perfecting  the  same 
relationship  with  the  other  National  Societies. 

"9.  We  further  recommend  that  officers  of  the  Association  take 
immediate  steps  towards  carrying  out  the  recommendations 
of  the  Committee." 

Mr.  J.  W.  Alvord,  Chairman  of  the  Special  Committee  appointed  by 
the  Board  of  Direction,  discussed  the  report  of  the  Development  Com- 
mittee and  outlined  the  recommendations  of  the  Special  Committee 
to  the  Board  of  Direction.  The  report  was  further  discussed  by 
Messrs.  Reichmann,  Hatch,  Pendleton,  Nethercut,  and  Gen.  Bixby. 

A  notice  by  Mr.  Hammond  recommending  the  adoption  of  the 
report  of  the  Special  Committee  on  Arrangements  and  Co-operation 
between  the  Association  and  the  Western  Society  of  Engineers,  was 
discussed  by  Messrs.  Alvord,  DeBerard,  Arnt,  Healey,  and  Col.  Millis. 

On  motion,  duly  seconded,  the  report  was  accepted,  and  the  subject 
was  ordered  to  be  presented  at  a  luncheon  talk  at  the  Chicago  Engi- 
neers Club. 

Adjourned. 

Louisiana  Association,  Organized  1914. 

Arsene  Perrilliat,  President;  Eugene  F.  Delery,  Secretary,  503  City 
Hall  Annex,  New  Orleans,  La. 

The  regular  meetings  of  the  Association  are  held  at  The  Cabildo, 
New  Orleans,  La.,  on  the  first  Monday  of  January,  April,  July,  and 
October. 

Nebraska  Association,  Organized  1917. 

Clark  E.  Mickey,  President;  Homer  Y.  Knouse,  Secretary-Treas- 
urer, 200  City  Hall,  Omaha,  Nebr. 

Regular  meetings  of  the  Association  are  held  on  the  first  Saturday 
of  each  month,  except  July  and  August,  and  at  such  places  as  may  be 
appointed  from  time  to  time  by  the  Executive  Committee.  The  Annual 
Meeting  is  held  in  Lincoln,  Nebr.,  on  the  second  Friday  in  January. 

Yisiting  members  of  the  Society  are  especially  urged  to  communi- 
cate with  the  Secretary  when  in  the  city. 

(Abstract  of  Minutes  of  Meeting) 
January  loth,  1920. — The  Annual  Meeting  was  called  to  order  at 
the  Hotel  Delavan,  Lincoln,  Nebr. ;  in  the  absence  of  the  Acting  Presi- 
dent and  the  Yice-President,  William  Grant  was  elected  President 
pro  tempore:  Homer  Y.  Knouse  Secretary;  and  present,  also,  11 
members. 
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Minutes  of  previous  meetings  were  read  and  approved.  Ballots  for 
officers  were  canvassed,  and  the  following  declared  elected:  President, 
Clark  E.  Mickey;  Vice-Presidents,  Rodman  M.  Brown  and  John  L. 
Hershey;  Secretary-Treasurer,  Homer  V.  Knouse. 

The  Treasurer's  report  was  read  and  accepted. 

A  communication  asking  for  support  of  Engineering  Council  was 
read,  and  the  work  and  aims  of  the  Council  discussed.  Upon  motion, 
duly  seconded  and  carried,  the  Secretary  was  instructed  to  collect  $1.50 
from  each  member  of  the  Association  who  had  not  already  contributed 
directly,  such  amounts  to  be  forwarded  to  Engineering  Council.  A 
motion  was  adopted  commending  Engineering  Council  and  expressing 
the  desire  to  aid  its  work  in  every  way  possible,  also  urging  the  exten- 
sion of  its  activities  and  the  co-ordination  of  its  work  with  other 
organizations. 

Upon  motion,  duly  seconded  and  carried,  the  President  was  in- 
structed to  appoint  a  Committee  to  select  members  to  act  as  experts  for 
the  Publication  Committee  of  the  Society,  as  requested  by  the  Secre- 
tary, Chas.  Warren  Hunt. 

A  motion  was  carried  instructing  the  Secretary  to  advise  Mr.  H. 
Hawgood,  Director  of  the  Society,  that,  in  response  to  his  request  for 
an  expression  of  the  Association  on  the  place  of  meeting  of  the  next 
Annual  Convention  of  the  Society,  the  preference  was  for  Los 
Angeles,  Cal. 

At  the  meeting  in  the  evening,  the  Secretary  presented  various 
communications  in  support  of  the  movement  for  a  National  Public 
Works  Department.  Upon  motion,  duly  seconded  and  carried,  the 
President  appointed  Messrs.  Letton,  Davis  and  Mirick  to  draft  resolu- 
tions endorsing  the  Jones-Reavis  bill. 

A  complete  set  of  resolutions  was  prepared  and  adopted,  as  follows : 

"Whereas,  the  Nebraska  Association  of  Members  of  the  American 
Society  of  Civil  Engineers,  convened  in  Annual  Meeting,  have  con- 
sidered the  report  of  the  Committee  on  Development  of  the  Parent 
Society,  and 

"Whereas,  it  is  apparent  that  a  great  amount  of  study  and  careful 
consideration  has  been  given  to  problems  that  confront  the  American 
Society  of  Civil  Engineers  in  this  period  of  reconstruction  and  read- 
justment, and  that  a  large  amount  of  time  and  effort  has  been  devoted 
to  the  furtherance  of  this  work,  and 

"Whereas,  the  members  of  this  Association  are  fully  cognizant  of 
the  efforts  of  the  Committee  on  Development  to  ]ilace  the  activities  of 
the  American  Society  of  Civil  Engineers  on  a  plane  that  will  meet  the 
present  day  needs  of  the  Engineers  of  America,  therefore  be  it 

"Resolved,  that  this  Association  express  their  appreciation  of  the 
work  of  that  Committee,  and  commend  said  report  as  being  a  most 
decided  step  forward  in  Society  affairs,  and  be  it  further 

"Resolved,  that  a  copy  of  these  resolutions  be  forwarded  to  the 
Secretary  of  the  American  Society  of  Civil  Engineers  with  the  request 
that  same  be  published  in  the  Proceedings  of  said  Society." 

The  President  announced  the  appointment  of  Messrs.  Grant,  Bruce, 
Hershey,  Tracy,  Magruder,  Mirick  and  Bates  on  the  Legislative  Com- 
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mittee.  On  motion,  duly  seconded  and  carried,  this  Committee  was 
instructed  to  consider  matters  then  before  the'  Constitutional  Conven- 
tion and  report  anything  aifecting  engineers  upon  which  the  Association 
should  exert  its  influence. 

Upon  motion,  duly  seconded  and  carried,  the  Secretary-Treasurer 
was  instructed  to  levy  an  assessment  of  $2.00  per  member  to  meet  the 
expense  of  increased  activities  of  the  Association;  also  to  submit  to 
the  Board  of  Direction  of  the  Parent  Society  an  amendment  changing 
the  date  of  the  Annual  Meeting  of  the  Association  from  the  second 
Friday  to  the  second  Saturday  in  January. 

The  President  appointed  Messrs.  Edgecomb,  Pulton  and  Davis  as  a 
Publicity  Committee,  following  the  adoption  of  a  motion  creating  such 
a  Committee. 

The  Secretary  reported  the  action  of  Commissioner  Zimman  of  the 
Building  Department,  Omaha,  Neb.,  in  requesting  the  Association  to 
suggest  an  engineer  for  the  office  of  Chief  Engineer  in  the  Building 
Department,  and  to  support  the  establishment  of  an  Advisory  Commit- 
tee to  the  Commissioner  of  Buildings  to  consist  of  an  architect,  a 
structural  engineer,  a  contractor,  and  a  layman. 

Adjourned. 

Northwestern  Association,   Organized   1914. 

Ralph  D.  Thomas,  President;  W.  N".  Jones,  Secretary,  City  Engi- 
neer's Office,  City  Hall,  Minneapolis,  Minn. 

The  meetings  of  the  Association  are  held  bi-monthly,  alternating 
between  St.  Paul  and  Minneapolis,  on  the  third  Friday  of  each  month. 
Information  as  to  the  time  and  place  of  such  meetings  will  be  furnished 
on  api)lication  to  the  Secretary. 

Philadelphia  Association,   Organized    1913. 

S.  M.  Swaab,  President;  Henry  T.  Shelley,  Secretary,  416  City 
Hall,  Philadelphia,  Pa. 

The  regular  meetings  of  the  Association  are  held  at  the  Engineers' 
Club  of  Philadelphia,  1317  Spruce  Street,  on  the  first  Monday  in 
January,  April,  and  October,  the  last  being  the  Annual  Meeting. 
Special  meetings  will  also  be  held  during  the  winter,  in  order  to 
provide  an  opportunity  for  members  to  take  a  more  active  part  in  the 
work  of  the  Association. 

(Abstract  of  Minutes  of  Meeting) 

February  2d,  1920. — A  special  meeting  was  called  to  order  at  the 
Engineers'  Club,  President  S.  M.  Swaab,  in  the  chair;  Henry  T. 
Shelley,  Secretary;  and  present,  also,  22  Members. 

Mr.  C.  T.  Chenery,  Secretary  of  the  National  Public  Works  Depart- 
ment Association,  addressed  the  meeting  on  the  Jones-Eeavis  bill  to 
create  a  National  Department  of  Public  Works.  Mr.  Chenery  outlined 
the  movement  in  behalf  of  the  National  Department  of  Public  Works 
from  1884  to  the  present  time.  He  convincingly  presented  the  need  for 
such  a  department  and  the  efforts  being  made  to  make  it  a  reality.  A 
campaign  was  inaugurated  to  put  the  engineers  of  Philadelphia  in  line 
for  the  support  of  the  bill. 


278  ANNOUNCEMENTS  [ Society  Aflfairs. 

A  thorough  discussion  followed  Mr.  Chenery's  address,  participated 
in  by  Mr.  Trautwine,  Prof.  Ketch um,  Mr.  Phillips  and  Mr.  Humphrey. 
Mr.  Humphrey  presented  a  resolution,  which  was  voted  unanimously 
by  the  Association,  as  follows : 

"Whereas,  The  great  need  for  a  department  to  be  charged  with  the 
execution  of  public  works  has  been  for  a  long  time  apparent;  there- 
fore, be  it 

"Resolved,  That  the  Philadelphia  Association  of  Members  of  the 
American  Society  of  Civil  Engineers  heartily  endorses  the  proposed 
formation  of  a  National  Department  of  Public  Works  from  the 
present  Interior  Department  as  contemplated  by  the  Jones-Reavis  bill 
and  pledges  to  support  this  movement  to  the  extent  of  its  ability." 

It  was  also  voted  to  appoint  a  committee  for  the  purpose  of  securing 
co-operative  action  with  the  Engineers'  Club  and  other  engineering 
societies  for  the  support  of  the  bill.  The  President  appointed  to  this 
committee  Prof.  Ketchum,  Mr.  Trautwine  and  Mr.  Humphrey,  Chair- 
man. 

A  communication  with  accompanying  resolution  received  from  the 
Joint  Council  of  the  Engineering  Societies  of  San  Francisco  was 
presented  to  the  Association  for  action.  The  communication  and 
resolution  requested  support  of  Mr.  Hoover  for  President.  The  Associa- 
tion voted  to  receive  the  communication,  but  did  not  deem  it  in  order 
to  take  action. 

A  communication  with  accompanying  resolution  was  received  from 
the  Municipal  Engineers  of  Philadelphia  in  regard  to  efforts  of  the 
Architects'  Association  to  induce  the  Governor  of  the  State  to  appoint 
an  architect  instead  of  a  civil  engineer  to  design  the  proposed  bridge 
over  the  Delaware  River.  The  Association  adopted,  on  recommendation 
of  Mr.  Jonathan  Jones,  the  following  resolution : 

"Whereas,  The  local  press  of  January  26,  1920,  has  published 
extracts  from  a  letter  stated  to  have  been  forwarded  to  the  Governor 
of  the  State  of  Pennsylvania  by  the  Secretary  of  the  Pennsylvania 
State  Art  Commission,  in  which  it  is  urged  that  an  architect 
rather  than  an  engineer  be  appointed  to  direct  the  design  of  the 
Delaware  River  bridge;  therefore  be  it 

"Resolved,  By  the  Philadelphia  Association  of  Members  of  the 
American  Society  of  Civil  Engineers,  at  a  special  meeting  held 
February  2d,  1920 : 

"1.  That  this  Association  reiterates  its  judgment  as  expressed 
in  a  resolution  adopted  November  24th,  1919,  that  'safety  to  human 
life  and  the  proper  expenditure  of  public  funds  require  that  the 
design  and  erection  of  such  structures  be  under  the  responsible 
charge  of  competent  and  experienced  civil  engineers,  especially 
skilled  and  trained  for  that  class  of  work'. 

"2.  That  this  Association  desires  to  see  full  consideration 
given  to  the  proper  placing  and  the  aesthetic  treatment  of  the 
Delaware  River  bridge  by  a  qualified  architectural  consultant,  or 
consultants,  preferably  chosen  by,  but  certainly  responsible  to,  the 
Chief  Engineer,  who  alone  can  finally  harmonize  the  claims  of 
beauty  and  art  with  the  primary  necessities  of  structural  safety 
and  reasonable  cost." 
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Oil  motion  of  Mr.  Humplirey  it  was  voted  that  the  President  and 
Secretary  be  directed  to  take  up  with  the  Engineers'  Club  and  other 
Engineering  Societies  the  appointment  of  a  Conimittee  to  place  before 
th  '  proper  authorities  the  desirability  of  appointing  a  competent  civil 
engineer  for  the  design  and  construction  of  the  Delaware  River  bridge. 

Adjourned. 

Pittsburgh  Association,   Organized   1917. 

Morris  Knowles,  President;  Nathan  Schein,  Secretary-Treasurer, 
426  City-County  Building,  Pittsburgh,  Pa. 

The  Annual  Meeting  of  the  Association  is  held  on  the  first  Monday 
in  October.  The  time  and  place  of  other  meetings  are  not  fixed,  but 
this  information  will  be  furnished  on  application  to  the  Secretary. 

Portland   (Ore.)   Association,  Organized  1913. 

E.  Burslem  Thomson,  President;  C.  P.  Keyset,  Secretary,  318  City 
Hall,  Portland,  Ore. 

The  Annual  Meeting  of  the  Association  is  held  on  the  second  Friday 
in  January.  Other  meetings  are  called  by  the  President  and  are 
usually  convened  on  Friday  evenings.  The  place  is  not  fixed,  but  this 
information  may  be  obtained  on  application  to  the  Secretary.  All 
members  of  the  American  Society  of  Civil  Engineers  are  cordially 
invited  to  attend  the  meetings. 

St.  Louis  Association,   Organized   i888    (Constitution  Approved  by 
Board,  1914). 

Edward  E.  Wall,  President;  C.  W.  S.  Sammelman,  Secretary-Treas- 
urer, 300  City  Hall,  St.  Louis,  Mo. 

The  Annual  Meeting  of  the  Association,  for  the  election  of  officers 
and  for  the  transaction  of  business,  is  held  on  the  fotirth  Monday  in 
November.  Two  meetings  each  year,  for  the  presentation  and  discus- 
sion of  technical  papers,  are  held  in  the  Auditorium  of  the  Engineers' 
Club  of  St.  Louis  and  are  open  to  members  of  the  Associated  Societies. 
Other  "get-together"  meetings  are  held  regularly  for  dinner  or 
luncheon  on  the  fourth  Monday  of  each  month  except  July,  August, 
and  November. 

San  Diego  Association,  Organized  I9i5. 

W.  C.  Earle,  President;  E.  C.  Wueste,  Secretary-Treasurer,  Bonita, 
Cal. 

Seattle  Association,  Organized  1913. 

L.  M.  Grant,  President;  G.  A.  Collins,  Secretary,  1317  L.  C.  Smith 
Building,  Seattle,  Wash. 

The  regular  meetings  of  the  Association,  with  luncheon,  are  held 
at  the  Engineers'  Club,  Arctic  Building,  Third  Avenue  and  Cherry 
Street,  at  12.15  p.  m.,  on  the  last  Monday  of  each  month.  Informal 
luncheons  are  also  held  at  12.15  p.  m.,  every  Monday  at  the  Engineers' 
Club. 

Special  evening  meetings  are  held  from  time  to  time  for  the  purpose 
of  discussing  important  topics,  and  information  concerning  these  meet- 


280  ANNOUNCEMENTS  [Society  Affairs. 

ings  may  be  had  by  addressing  the  Secretary.  All  members  in  any 
grade  of  the  American  Society  of  Civil  Engineers  are  cordially  invited 
to  attend  the  meetings  when  in  the  vicinity,  and,  if  located  in  this 
District  for  any  length  of  time,  their  membership  in  the  Association 
will  be  appreciated. 

(Abstract  of  Minutes  of  Meeting) 

January  12th,  1920. — The  meeting  was  called  to  order  by  L.  M. 
Grant,  President;  G.  A.  Collins,  Secietary;  and  present,  also,  20  mem- 
bers and  guests. 

The  report  of  the  Secretary  on  sending  Mr.  J,  C.  Ralston  to  Wash- 
ington to  work  for  the  Board  of  Public  Works  was  discussed,  more 
especially  in  respect  to  making  good  the  $100  pledge  toward  his  expenses. 
On  motion  by  Mr.  Jos.  Jacobs,  duly  seconded  and  passed  imanimously, 
this  matter  was  referred  to  the  Joint  Council  of  Associated  Engineers 
of  Seattle  to  raise  from  all  engineers  and  contractors  as  much  money 
as  possible  for  this  work,  of  which  at  least  $125  should  be  sent  to 
Spokane.  The  matter  was  referred  to  Mr.  Amos  Slater,  Chairman  of 
the  Joint  Council,  who  was  present. 

Mr.  Jacobs  made  a  further  motion  that  all  members  of  the  Joint 
Council  be  instructed  to  consider  this  matter  and  work  out  a  plan  for 
giving  active  support  through  the  other  public  bodies  of  the  city  to  the 
National  Board  of  Public  Works,  which  was  duly  seconded  and  passed 
imanimously.  Mr.  J.  L.  Hall  moved  that  the  meeting  go  on  record  as 
favoring  the  Jones-Reavis  Bill,  and  to  advise  the  delegates  to  Congress 
accordingly.  The  motion  was  duly  seconded  and  passed  unanimously. 
The  President  appointed  Mr.  Jacobs  and  Mr.  Dimock  a  Committee  to 
arrange  the  underwriting  of  $125  00  to  be  advanced  to  Spokane  on 
account  of  Mr.  Ralston's  expenses. 

Mr.  Hall  opened  the  discussion  on  the  Development  Committee 
report.  Mr.  Jacobs  commented  in  favor  of  its  adoption  in  principle. 
The  same  point  of  view  was  expressed  by  Messrs.  Dimock,  Hall,  Collins 
and  others  present.  Mr.  Chauncy  Wernecke  moved  that  the  meeting 
approve  the  principles  laid  down  in  Divisions  A,  B  and  D,  which  motion 
was  carried  unanimously.  Mr.  A.  H.  Dimock  moved  the  approval  of 
the  principle  laid  down  in  Division  C,  which  was  passed  with  one  dis- 
senting vote. 

Mr.  Jacobs  then  moved  that  the  Engineering  News-Record  be 
informed  by  telegraph  of  the  action  in  favor  of  the  report  of  the  Devel- 
opment Committee.    Motion  passed  unanimously. 

Adjourned. 

Southern   California  Association,  Organized   1914. 

W.  K.  Barnard,  President ;  Floyd  G.  Dessery,  Secretary,  514  Central 
Building,  Los  Angeles,  Cal. 

The  Southern  California  Association  of  Members  of  the  American 
Society  of  Civil  Engineers  (Los  Angeles,  Cal.)  holds  regular  monthly 
meetings  on  the  second  Wednesday  of  each  month,  the  December  meet- 
ing being  the  Annual  Meeting. 

Informal  luncheons  in  connection  with  the  Joint  Technical  Societies 
of  Los  Angeles  are  held  at  12.15  p.  M..  every  Thursday  at  the  Broadway 
Department  Store  Cafe. 
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The  by-laws  of  the  Association  provide  for  the  extension  of  hospi- 
tality to  any  member  of  the  Society  who  may  be  temporarily  in  Los 
Angeles,  and  any  such  member  will  be  gladly  welcomed  as  a  guest  at 
any  of  the  meetings  or  luncheons. 

(Abstract  of  Minutes  of  Meeting) 

January  8th,  1920. — The  meeting  was  called  to  order  at  the 
Jonathan  Club;  President  W.  K.  Barnard  in  the  chair;  Floyd  G. 
Dessery,  Secretary ;  and  present,  also,  30  members  and  15  guests.  This 
meeting  followed  a  dinner  at  which  President  Barnard  introduced 
various  guests  of  the  Association,  and  Mr.  Chas.  S.  Burnell,  the  City 
Attorney,  explained  in  detail  the  new  City  Business  Tax  Ordinance. 

Minutes  of  the  Annual  Meeting  were  approved  without  reading. 

A  Committee  consisting  of  Messrs.  Reed,  Wheeler  and  Bowen  pre- 
sented a  resolution  of  sympathy  and  condolence  with  Mr.  E.  L.  Adams 
in  the  sudden  death  by  accident  of  his  father,  Mr.  George  C.  Adams, 
which  was  duly  seconded  and  carried. 

Following  a  communication  from  C.  H.  Lee,  State  Water  Com- 
missioner, advising  of  the  curtailment  of  funds  available  for  the 
work  of  the  U.  S.  Geological  Survey  in  California,  it  was  duly  moved, 
seconded,  and  carried  after  considerable  discussion,  that  vigorous 
action  be  taken  to  continue  the  work  of  the  Survey  uninterruptedly 
in  California. 

Mr.  H.  W.  Dennis,  Chairman  of  the  Committee  on  Ways  and 
Means — 1920  Convention,  reported  that  to  date  42  members  of  the 
Association  had  underwritten  and  guaranteed  $2  220. 

After  thorough  discussion,  it  was  moved,  seconded  and  carried  that 
it  was  the  sense  of  the  meeting  that  the  resolution  adopted  at  the 
meeting  of  December  10th,  1919,  instructing  Director  H.  Hawgood  to 
bring  the  1920  Convention  of  the  Society  to  Los  Angeles  be  indorsed, 
and  Director  Hawgood  so  advised. 

Maj.  Chas.  T.  Leeds  presented  a  paper  entitled  "Channel  Improve- 
ment as  a  Factor  in  Flood  Control." 

A  resolution  presented  as  coming  from  the  City  Planning  Asso- 
ciation was  debated  and  finally  laid  on  the  table.  A  Committee  of  five 
was  authorized  by  the  meeting  to  handle  all  matters  on  City  Planning, 
and  the  President  appointed  Messrs.  Lippincott,  Hawgood,  Storrow, 
Sonderegger,  and  W.  D.  Smith. 

Mr.  Howell  referred  to  the  proposed  National  Board  of  Public 
Works  and  the  appeal  for  funds  to  support  that  movement. 

Adjourned. 

Spokane  Association,  Organized  1914. 

Alfred  D.  Butler,  President;  Charles  E.  Davis,  Secretary-Treasurer, 
401  City  Hall,  Spokane,  Wash. 

The  regular  meetings  of  the  Association  are  held  on  the  second 
Friday  of  each  month,  except  July  and  August.  The  hour  and  place 
of  meeting  are  not  fixed,  but  this  information  will  be  furnished  on 
application  to  the  Secretary. 

Visiting  members  are  invited  to  attend  the  meetings. 
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Texas  Association,  Organized  1913. 

Hans  Helland.  President;  E.  N.  Noyes,  Secretary,  Dure  Building, 
Dallas,  Tex. 

Utah  Association,  Organized   1916. 

A.  B.  Villadsen,  President,  304  Dooly  Bldg.,  Salt  Lake  City,  Utah. 

The  Annual  Meeting  of  the  Association  is  held  on  the  first  Wednes- 
day in  April,  The  time  of  other  naeetings  is  not  fixed,  but  this  infor- 
mation will  be  furnished  on  application  to  the  President. 

PRIVILEGES  OF  ENGINEERING   SOCIETIES 

EXTENDED  TO  MEMBERS  OF  THE 
AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

Members  of  the  American  Society  of  Civil  Engineers  will  be  wel- 
come in  the  Reading  Rooms  and  at  the  meetings  of  many  engineering 
societies  in  all  parts  of  the  world.  A  list  of  such  societies  will  be  found 
on  pages  41  and  42  of  the  Year  Book  of  the  Society  for  1919. 
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NEW    BOOKS* 

(From  January  1st  to  January  31st,  1920) 

The   statements   made   in   these   notices  are   taken  from  the  books 
themselves,  and  this  Society  is  not  responsible  for  them. 


DONATIONS  TO  ENG1NEI2RING  SOCIETIES  LIBRARY 

APPLIED  CALCULUS. 

Principles  and  Applications.  Essentials  for  Students  and  Engineers. 
By  Kobert  Gibbes  Thomas.  1919.  N.  Y.,  D.  Van  Nostrand  Com- 
pany.    490  pp.,  45  exercises,  166  figures,  5x7  in.,  cloth.     $3.00. 

In  this  college  text-book,  the  author  has  aimed  to  make  clear  the  basic  prin- 
ciples of  the  calculus  and  to  show  that  fundamental  ideas  are  involved  in  familiar 
problems.  Effort  has  been  directed  toward  the  attainment  of  a  working  and  fruitful 
knowledge  of  the  elements  of  the  subject  and  an  ability  to  use  it  efficiently. 

ATLAS  AMERICA  LATINA. 

1919.  General  Drafting  Company,  Inc.,  New  York.  196  pp.,  cloth, 
11  X  16  in.     $20. 

The  detailed  maps  which  form  the  most  important  part  of  this  atlas  have  been 
prepared  from  the  best  authorities.  They  cover  Mexico,  Central  and  South  America 
and  the  West  Indies  and  are  drawn  to  a  uniform  scale  of  fifty  miles  to  the  inch. 
Towns,  railways,  administrative  divisions  and  physical  features  are  clearly  shown 
and  a  geographic  index  is  provided. 

The  atlas  also  contains  general  maps  showing  steamship  routes,  ocean  currents, 
natural  vegetation,  prevailing  winds,  summer  and  winter  rainfall  and  temperatures, 
principal  products,  principal  minerals  and  the  language  divisions  of  Latin  America, 
as  well  as  charts  showing  the  foreign  trade  of  each  country  and  descriptive  articles 
concerning  their  possibilities  and  conditions. 

AVIATION.     THEORICO=PRACTICAL  TEXT=BOOK  FOR  STUDENTS. 

By  Benjamin  M.  Carmina.  N.  Y.,  The  Macmillan  Co.  1919.  172 
pp.,  92  diagrams,  table,  8x5  in.,  cloth.     $2. 

The  author  discusses  the  theory  of  flight  and  the  construction,  rigging  and 
maintenance  of  airplanes,  and  gives  suggestions  on  flying.  The  treatment  is  non- 
mathematical  throughout,  but  an  appendix  is  included  which  gives  the  mathematical 
analysis  of   the   laws  governing  flight. 

DER  BAU  DES  DIE5ELMOTORS. 

By  Kamillo  Korner.  Berlin,  Julius  Springer.  1918.  350  pp.  500 
diagrams,  11  x  7  in.,  cloth.     30  marks. 

The  present  work  is  devoted  to  the  practical  details  of  Diesel  engine  construc- 
tion and  omits  all  discussion  of  theoretical  considerations.  The  various  elements  of 
engines  are  discussed  in  detail  and  examples  of  the  usual  designs  are  given. 

CHILTON  TRACTOR  INDEX,  VOL.  3,  No.   1.    JANUARY,   1920. 

Philadelphia,  Chilton  Company.    478  pp.,  10  x  7  in.,  paper,    $1.00. 

The  Tractor  Index  is  a  directory  of  the  farm  tractor  industry  of  the  country, 
which  gives  in  tabulated  form  the  specifications  of  the  tractors  on  the  market,  lists 
of  tractor  and  power  farm  machinery  manufacturers,  makers  of  parts  and  accessories 
and  farm  trucks.  In  addition  to  these  directories,  the  volume  includes  a  collection 
of  data  and  articles  on  power  farming,  farm  lighting  plants,  tractor  testing,  tractor 
standards  and  other  topics  of  interest  to  users  and  dealers. 

*  Unless  otherwise  specified,  books  in  this  list  have  been  donated  by  the  publishers. 
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CONTROLLERS  FOR  ELECTRIC  MOTORS. 

A  Treatise  on  the  Modern  Industrial  Controller,   Together  With 

Typical  Applications   to   the   Industries.  By   Henry   Duvall    James. 

N.  Y.,  D.  Van  Nostrand  Company.     1919.  354  pp.    43  pp.     259  illus., 
cloth,  8x5  in.     $3.00. 

The  aim  of  this  volume,  which  is  based  on  a  series  of  articles  published  in  the 
Electric  Journal  during  1917  and  1918,  is  to  provide  students,  operating  engineers 
and  users  of  electrical  apparatus,  with  a  good  general  account  of  industrial  con- 
trollers and  an  explanation  of  their  principles  of  operation. 

THE  ELEMENTS  OF  ASTRONOMY  FOR  SURVEYORS. 

By  E.  W.  Chapman.  1919.  Lond.,  Charles  Griffin  and  Co.,  Ltd.; 
Phila.,  J.  B.  Lippineott  Company.  247  pp.,  56  diagrams,  5x7  in., 
cloth.    $1.75. 

Although  there  are  several  excellent  books  on  surveying  that  deal  more  or  less 
thoroughly  with  astronomical  observations,  the  author  of  this  work  believes  that 
there  is  a  need  for  an  elementary  work  suitable  for  the  student  and  for  the  surveyor 
who  is  taking  up  astronomical  observation  for  the  first  time.  The  present  work  is 
an  attempt  to  provide  an  elementary  exposition,  not  only  of  the  practical  methods  of 
observation  and  computation,  but  also  of  the  main  principles  that  must  be  thoroughly 
understood  if  the  surveyor  is  to  be  master  of  his  profession. 

GOVERNORS  AND  THE  GOVERNING  OF  PRIVIE  MOVERS. 

By  W.  Trinks.  I\\  Y.,  D.  Van  Nostrand  Co.,  1919.  236  pp.  +  28  pp., 
140  illus.,  6x9  in.,  cloth.    $3.50. 

This  volume  aims  to  present  the  principles  and  essentials  of  the  subject  in  such 
a  manner  that  the  reader  may  be  able  to  judge  existing  and  future  types  of 
governors  as  well  as  the  properties  of  prime  movers  with  regard  to  regulation.  It 
has  been  written  to  provide  a  text-book  on  the  general  subject  of  governors  and 
governing,  upon  which,  the  author  states,  there  is  no  book  of  any  consequence  in 
English.     A  selected  bibliography  is  included. 

THE  GREAT  LAKES  RED  BOOK. 

A  List  of  Over  1  000  Vessels  of  the  Great  Lakes,  With  the  Name 
of  Owner,  Captain  and  Engineer  of  Each  Vessel.  Cleveland,  The 
Marine  Review,  1919.     159  pp.,  5x3  in.,  paper.    $1.00. 

Gives  a  list  of  the  fleets  upon  the  Great  Lakes  as  well  as  owners,  captains  and 
engineers.  Tliere  is  also  a  table  showing  capacity  of  ore-carriers  and  a  port 
directory. 

MINING  MATHEMATICS  SIMPLIFIED. 

By  James  Wardlaw,  Sr.,  Scottdale,  Pa.  1919.  189  pp.,  7x5  in., 
cloth.     $2.50. 

This  volume  gives  simple  arithmetical  solutions  for  the  problems  which  confront 
the  practical  miner.  The  author  is  engaged  in  preparing  miners  for  examinations 
for  certificates  as  fire  bosses,  foremen,  etc.  in  the  Pennsylvania  bituminous  coal-field 
and  has  written  this  text  for  their  use. 

THE    NEW  AMERICAN  THRIFT. 

The  Annals  of  the  American  Academy  of  Political  and  Social 
Science.  Vol.  87,  No.  176,  January,  1920.  Philadelphia,  Pa.  248  pp., 
paper.     $1.00. 

Contents  :  Introduction.^ — Thrift  for  the  individual  and  the  family. — Thrift  for 
the  nation. — American  needs  for  capital  ;  typical  examples. — Thrift  in  resources  and 
industry  ;  typical  examples. — The  investment  of  savings. — The  promotion  and  prac- 
tice of  thrift  in  different  countries. — Suggestions  for  promoting  thrift. 

A  symposium  by  a  number  of  bankers,  economists  and  business  men  on  the 
desirability  of  thrift  in  national  and  individual  life.  The  problem  is  broadly  pre- 
sented and  discussed  in  its  various  phases  by  experts. 
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ORQAMZINQ  FOR  WORK. 

By  H.  L.  Gantt.  IDIO.  N.  Y.,  Harcouvt,  Brace  &  Howe.  113  pp., 
cloth,  7  X  5  in.     $1.25. 

Our  civilization  depends,  according  to  Mr.  Gantt,  upon  the  effectiveness  with 
which  our  combined  industrial  and  business  system  work,  and  recent  revolutionary 
attempts  to  overthrow  it  are  due  to  the  failure  of  the  present  system  to  recognize 
fully  its  responsibility  to  the  community.  The  author  believes  that  there  must  be 
a  return  to  the  principle  that  the  first  aim  of  business  is  to  render  service  to  the 
community  and  that  this  result  can  be  peacefully  obtained  by  the  use  of  familiar 
methods,  whose  use  for  the  purpose  he  discusses  in  the  present  book. 

THE   PRINCIPLES   OF   ELECTRICAL    ENOINEERINQ    AND    THEIR    APPLICATION. 
VOL.  2.     APPLICATION. 

By  Gisbert  Kapp.  X.  Y.,  Longiiuins,  (iroeii  &  Co.;  Loud.,  Edward 
Arnold.     1919.     388  pp.,  (j  x  9  in.,  cloth,  173  diag.     $6.00. 

The  present  textbook  is  intended  for  all  engineering  students  and  also  as  a  hand- 
book for  general  engineers.  For  the  latter,  the  author  attempts  to  provide  a  work 
which  will  give  him  the  fundamental  principles  of  the  subject  and  describe  their 
application  in  practical  engineering,  without  burdening  him  with  minute  details  of 
design.  It  will,  the  author  hopes,  enable  the  general  engineer  to  determine  whether 
and  how  any  particular  piece  of  electrical  plant  can  be  used  or  adapted  for  a  par- 
ticular purpose. 

Volume  1,  dealing  with  Principles,  appeared  in  1916.  The  present  volume 
treats  of  the  applications  of  these  principles  in  electrical  machines. 

PRINCIPLES  OF  METALLOURAPHY. 

By  Robert  S.  Williams.  N.  Y.,  McGraw-Hill  Book  Co.,  Inc. ;  Lond., 
Hill  Publishing-  Co.,  Ltd.  1920.  158  pp.,  75  illus.,  tables,  8x5  in., 
cloth.    $2.00. 

This  is  a  brief  introduction  to  the  subject  written  for  students  of  general  science 
or  engineering,  who  do  not  specialize  in  metallography  but  who  will  use  it  to  a 
limited  extent  in  connection  with  their  professional  work,  and  for  general  readers 
who  wish  an  introduction  to  more  specialized  books.  Particular  attention  is  given  to 
the  applications  of  metallography. 

RADIO  ENGINEERING  PRINCIPLES. 

By  Henri  Lauer  and  Harry  L.  Brown.  1st  edition.  IST.  Y.,  McGraw- 
Hill  Book  Co.,  Inc. ;  Lond.,  Hill  Publishing  Co.,  Ltd.,  1920.  300  pp., 
241  diag.,  6x9  in.,  cloth.     $3.50. 

This  is  a  general  textbook  on  radio,  written  to  present  the  extensive  develop- 
ments in  the  art  made  during  the  war.  It  consequently  is  largely  devoted  to  the 
study  of  the  characteristics  and  use  of  the  three-electrode  vacuum  tube  in  radio- 
telegraphy  and  radiotelephony.  Sufficient  attention  has,  however,  been  given  to  the 
principles  involved  in  older  apparatus  to  meet  the  requirements  of  a  general  text- 
book. 

THE  RAILROAD^PltOBLEM. 

The  Annals  of  The  American  Academy  of  Political  and  Social 
Science.  Vol.  86,  No.  175.  November,  1919.  Philadelphia.  Paper, 
6  X  10  in.,  252  pp.    $1.00. 

In  this  collection  of  articles  by  various  economists,  financiers  and  railroad  men, 
emphasis  has  been  placed  on  the  current  issues  as  to  railroad  regulation  and  the 
participation  of  labor  in  railroad  management.  The  major  topics  discussed  are 
government  operation,  current  proposals  for  regulation,  the  unification  of  terminals 
and  railway  efficiency  and  labor. 

SELENIUM  CELLS  AND  HOW  THEY  ARE  MADE. 

Compiled  and  arranged  by  Samuel  Wein.  1919.  N.  Y.,  The 
Progress  Publishing  Company.     33  pp.,  illus.,  paper,  8x6  in.    $1.00. 

This  pamphlet  presents  a  concise  chronological  review  of  the  development  of  the 
selenium  cell.  The  various  types  of  selenium  cells  are  described,  briefly  but  explicitly, 
and  diagrammatic  illustrations  of  the  more  important  ones  are  given.  The  descrip- 
tions have  been  prepared  after  an  examination  of  the  available  literature. 
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SOUTHERN  PINE  MANUAL. 

Standard  Wood  Construction.  1919.  New  Orleans,  La.,  Southern 
Pine  Association.  136  pp.  +  10  pp.,  diagrams  and  tables,  4x6  in., 
cloth.    $1.00. 

This  small  volume  is  an  engineering  handbook  for  engineers,  architects  and 
builders.  Tables  are  given  showing  the  dimensions  and  properties  of  yellow  pine 
beams  and  columns  and  joists,  the  specifications  of  various  engineering  societies,  the 
permitted  working  stresses  adopted  by  various  cities,  and  miscellaneous  tables  of  use 
to  users  of  wood  in  construction. 

THE  STORY  OF  ELECTRICITY.    VOL.   1. 

Edited  by  T.  Commerford  Martin  and  Stephen  Leidy  Coles.  1919. 
]Sr.  Y.,  The  Story  of  Electricity  Company.  661  pp.,  11  x  8  in.,  cloth. 
$25  for  Vols.  1  and  2. 

The  authors  of  this  volume  have  prepared  an  account  in  popular  language  of  the 
development  of  the  electrical  industry,  with  particular  reference  to  American 
achievement.  After  an  introductory  chapter  on  the  beginnings  of  electrical  science, 
the  invention  and  growth  of  the  telegraph,  telephone,  central  station,  electric  railway, 
etc.  are  described.  Chapters  are  devoted  to  the  great  electrical  companies.  The 
various  chapters  are  accompanied  by  biographical  sketches  and  portraits  of  engineers 
of  prominence,  past  and  present.  Numerous  well-selected  illustrations  add  to  the 
value  of  the  work. 

A  TEXT=BOOK  OF  RAND  METALLURGICAL  PRACTICE.     VOL.  2. 

By  Ralph  Stokes,  Jas.  E.  Thomas,  G.  O.  Smart,  W.  R.  Bowling, 
H.  A.  White,  E.  H.  Johnson,  W.  A.  Caldecott,  A.  McA.  Johnston  and 
C.  O.  Schmitt.  2nd  edition,  revised.  1919.  Lond.,  Charles  Griffin  & 
Company,  Ltd.,  462  pp.,  467  illus.,  cloth,  9x6  in.     25  shillings. 

This  work  was  prepared  in  1911  by  a  body  of  technical  men  actively  engaged 
in  current  metallurgical  practice  upon  the  Witwatersrand,  to  provide  a  textbook 
giving  a  detailed  account  of  the  methods  in  actual  use  in  that  district,  both 
mechanical  and  chemical. 

The  present  volume,  which  discusses  the  design  and  construction  of  reduction 
plants  and  the  transport  of  materials  is  by  C.  O.  Schmitt.  No  radical  change  in 
practice  has  occurred  since  the  publication  of  the  previous  edition,  but  considerable 
progress  in  the  development  of  the  use  of  heavy  stamps  and  tube  mills,  and  a  cor- 
responding advance  in  the  methods  of  classification  and  amalgamation  have  been 
made.     This  revised  edition  has  been  prepared  in  the  light  of  these  improvements. 

TEXT=BOOK  OF  WIRELESS  TELEGRAPHY.     VOLS.   1  AND  2. 

Vol.  1.  General  Theory  and  Practice.  Vol.  2.  Valves  and  Valve 
Apparatus.  By  Rupert  Stanley.  New  edition  in  2  vols.  1919.  Lond., 
N.  Y.,  Longmans,  Green  &  Company.  Vol.  1,  470  pp.;  Vol.  2,  357  pp., 
9x6  in.,  cloth.    $10.00. 

In  the  preparation  of  this  textbook  for  the  instruction  of  wireless  operators, 
the  author  has  kept  in  mind  the  special  needs  of  those  who  have  had  little  pre- 
liminary knowledge  of  electrical  matters.  He  has  therefore  provided  the  instruc- 
tion in  elementary  electricity  and  magnetism  necessary  for  an  understanding  of  the 
principles  of  energy  radiation. 

Calculations  and  formulas  have  been  made  as  simple  as  possible  in  the  technical 
portion  of  the  book  and  the  descriptions  of  apparatus  have  been  restricted  to  the  best 
modern  types. 

Tlie  present  edition  has  been  largely  rewritten  and  rearranged.  Much  new 
matter  has  been  included  and  a  second  volume,  devoted  to  valves  and  valve  apparatus, 
has   been    added. 
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Membership. 

Arn,   William   Godfrey.     Asst.   Engr.,   M.   of  ^     ^  _ 

■(A^     Tu    n     4.    -D    x^         1  ^-            ,\t-     ■       1    Jun.  Oct.        2,  1900 

W.,  111.  Cent.  R.  R.  and  \azoo  &  Missis-    |     .  ,       .      .,      „    ,„„,> 

•      •  ^r  1    r.    r.     -n«  Til    /-!     4.    c-j-  4--         r  Assoc.  M.     April     6,  1909 

sippi  Val.  R.  R.,   /06  111.  Cent.  Station,    (^  ,,  ^'         ^„    ,,,„„ 

^}^t             ,,,                                                                M.  Jan.     20.   1920 

Chicago,    111 J 

Balcomb,  John  Caprox.     Vice-Pres.   and  Chf.   Engr.,   Fen- 
lack   Constr.    Co.,    Boston  Rd.   and    Baychester   Ave.. 

New  York  City Jan.      19,   1920 

Blackwell,    Paul    Alexander.       Asst.     Chf.  ~\   Jun.  Dec.       4,  1900 

Engr.,  Virginia  Bridge  &   Iron  Co.,   Box    ^   Assoc.  M.     Jan.        3,   1906 

771,    Roanoke,    Va )  M.  Jan.     20,   1920 

Buck,  Edward  Clarke.     Care,  Colonial  Office,  Downing  St.. 

London,  S.  W.,  England Oct.      14,   1919 

Carey,  Edward  Oilman.     Engr.,  Nitrates  Div.    )   Assoc.  M.     July      1,  1909 

War  Dept. ;  Res.,  Hinsdale,  N.  H f  M.  Jan.     20,  1920 

Chapman,  Arnold  Goodwin.    Cons.  Engr..  loO  A   Jun.  July       1,  1909 

State    St.     (Res.,     154     Chestnut    St.).    [■   Assoc.   M.     April  30,   1912 

Albany,    N.    Y )  M.  Jan.     20,  1920 

ClKAKY,  Alfred  John.     Chf.  Asst.  City  Engr.,  ')    Assoc.  M.     Sept.      3,  1913 

City  Hall,  San  Francisco,  Cal \   M.  Nov.     25,   1919 

Eaton,  James   Haworth.      36   Islington   Rd.,   Auburndnlc. 

Mass '.' Jan.     19,   1920 

GoRiACHKOVSKi',  Vladimir.     Care,  Youroveta  Home  &  For- 
eign Trade  Co.,  Inc.,  165  Broadway,  New  York  City.  .      Nov    25.   1919 
Hewes,  Laurence  Ilsey.     Gen.  Insp.,  Bureau  Public  Roads. 
Three  Western  Districts,  Post  Office  Bldg.,  Portland, 

Ore * Oct.      14,   191!) 

Hogg,    Thomas    Heney.     Asst.    Hydr.    Engr.,    Hydro-Elec. 
Power  Comm.  of  Ontario,  117  Normandy  Boulevard, 

Toronto,  Ont.,  Canada Nov.     25,   1919 

Knight,  Seymour  H.    Advisory  Engr.,  Day  &  Zimmerniann, 

Inc.,  611  Chestnut  St.,  Philadelphia,  Pa Jan.     19,   1920 

Lancaster,  William  Louis.    Care,  Highway  Service,  North 

Carolina,  Box  811,  Greensboro,  N.   C Sept.      9,   1919 

Latimer,  Robert  Cathcart.     Chf.  Engr..  Ambursen  Constr. 

Co.,  61   Broadway,  New  York   City Jan.     19,   1920 

Laurson,    Philip   Gustave.     Asst.    Prof.    Eng.    Mechanics, 
Sheffield    Scientific    School,    Yale   Univ.     (Res.,    1345 

Chapel  St.) .  New  Haven,  Conn Jan.     19,   1920 

MacMillan,  John.       (Sumner  &  MacMilhin),   318  H.  W. 

Hellman  Bldg.,  Los  Angeles,  Cal Nov.     25,   1919 

Matteson,  Byron  Wynne.     Engr..  Modena-St.  George  Post 

Road  Project,  403  Col.  Hudson  Bldg.,  Ogden,  Utah..      Jan.     19,  1920 
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Membership. 
Morris,  Thomas   Carlyle.     Special  Asst.   Engr.,    Panama 

Canal,  Balboa  Heights,  Canal  Zone,  Panama Nov.     25,   1919 

Pease,  James   Norman.     Superv.   Engr.,  Lockwood-Greene 

&  Co.,  1530  Healey  Bldg.,  Atlanta,  Ga Nov.     25,   1919 

Reed,  John.     Senior  Roadway  Engr.,  Federal  Valuation  of 

Railroads,   Interstate   Commerce    Comm.,    Bureau   of 

Valuation,    The    Kenesaw,     16th    and    Irving    Sts., 

Washington,   D.   C Jan.     19,  1920 

Sanborn,    James    Forrest.      Cons.    Engr.,    35   )   Assoc.  M.  May       4,  1904 

West  39th  St.,  New  York  City f  M.  Jan.     20,   1920 

TT          n                    ^      ^    T            T    1.    T    n        1  J""-  ^^y      31,    1910 

SoEST,  HuciO  Conrad.    Asst.  Engi..  I.  K.  T.  Co.,    f    .           ,t  o.     x      ^    ,^i. 

^     ,    ^,     -.^       ,r     ,    ^.,                             >•  Assoc.  M.  Sept.      2,  1914 

50  Park  PI.,  New  York  Cty |  ^^^  ^^^      ^o!  1920 

STEEP,     JAMES    BiGEEOw.      Asst     Gcu.    Mgr.,  <  ^,^^^^    ^^  ^^^             ^^^3 

Citizens    Gas    Co..    205    Majestic    Bldg.,    I  ^^  ^^^      ^q    192O 

Indianapolis,    Ind )      '  '       '     "  ' 

Stimson,  EAiiL.     Gen.  Supt..  M.  of  W.,  B.  &  0.  R.  R.,  B.  &- 

0.  Bldg.,  Baltimore,  Md Jan.     19,   1920 

VoGDES,   Joseph   Johnson.      Engr.,    Brann    &  ^     .           ,,  ^  ^        «    ,^,„ 

L       4.  ^      T        r.               •   1  rr       .  131 1        r    Assoc.  M.  Oct.        9,   1917 

Stuart  Co.,  Inc.,  Commercial  Trust  Bldg..   V  ^^  ^          or.    irvon 

.„,.,,,,.'                                                i   M.  Jan.     20,  1920 

Philadelphia,    Pa ) 

Whitson,   Milton    James.      Care,    Stone   &    Webster,    120 

BroadAvay,   New   York   City Oct.      14,   1919 

Widmer,  Arthur  Jacob.  Pres.,  Widmer  Eng.  Co.,  1636 
Syndicate  Trust  Bldg.,  St.  Louis  (Res.,  212  South 
Elm  Ave.,  Webster  Groves) ,  Mo Ian.     19.   1920 

associate  members 


Ayres,  Quincy  Claude.    Asst.  Prof.,  Civ.  Eng.,  "\    ^  ^  ,  ^    ,„,  , 

I    Jun.  Feb.  4    1914 

Univ.  of   Mississippi,   Box   341,   Oxford,    y.      '  ,,       ^     '  ,„'„,„ 

''                                             (    Assoc.  M.     Jan.  19.    1920 

Miss ) 

Bird,   Matthew   McCluxc.      Care,    State   Highway    Dept.. 

Nashville,    Tenn Jan.     19,  1920 

Bishop,  Roy  Prentice.     Gen.  Mgr.,  The  Caro-   )    Jun.  June    23,  1916 

lina  Eng.   Co.,  Wilmington,  N.   C [  Assoc.  M.     Jan.     19,  1920 

Bowman,   Hubert   Dickson.      1004   University   Ave.,   New 

York    City Nov.     25,   1919 

Brown,   Morris.      Asst.    Engr.,    McClintic    Marshall    Steel 

Supply  Co.,  Box  112,  East  Liberty  P.  0.,  l^ittsburgli. 

Pa Jan.      19.   1920 

Cameron,    Edward    Hugh.      42    Linden    St.,   New    London. 

Conn Tan.      19.   1920 

C  assel,  Charles  Cadwallauer.    Acting  Div.  Engr..  Div.  :}, 

New  York  State  Highway  Comm.,  538   Franklin  St.. 

Watertown,  N.  Y.  . Oct.      14.  1919 
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Caye,  William  Cassius,  Jr.     Div.  Engr.,  Highway  Dept.  of 

Georgia,  Box  34,  Americus,  Ga Jan.  19,   1920 

CoLCORD,  Francis  Carltox.     Gen.  Mgr.,  Coleord  Coal  Co., 

Montcoal,    W.   Va Jan.  19,  1920 

Coombs,    Donald    Gladstone.      Office    Engr.,  \  <a     +  lo    loir 

Const.  Dept.,  Braden  Copper   Co.,   Cale-    C  "      ,,      l^  ,       ■, .'  ,^,r. 

^   ^                ^1.,  (    Assoc.  M.     Oct.      14,  1919 

tones,    Kancagua,    Chile J 

Crozier,  Bernard  Labroquere.  Asst.  Engr.,  Paving  Comm., 

City  of  Baltimore,  2721  St.  Paul  St.,  Baltimore,  Md.      Jan.     19,   1920 

Daino,  Anthony  Joseph.     Secy.,  Slattery  Eng.  &  Constr. 

Co.,  Inc.,  317  West  80th  St.,  New  York  City Jan.     19,   1920 

DoANE,  Ralph  Avard.     Asst.  Engr.,  Eng.  Dept.,  Town  of 

Brookline,  1376  Commonwealth  Ave.,  Boston,  Mass...      Sept.      9,  1919 

Farrell,  James  Patrick.  Dist.  Supt.,  Philadelphia  Dist., 
The  Austin  Co..  1026  Bulletin  Bldg.,  Philadelphia, 
Pa Jan.     19,  1920 

FiNCK,  Georoe  Edward.     Asst.  Engr.,  Paving  Comm.,  City 

of  Baltimore,  1932  East  31st  St..  Baltimore,  Md Jan.     19,   1920 

George,    Abuam    Nute.     Res.    Engr.,    California    Highway 

Comm.,    2832    Imperial    Ave.,    San   Diego,   Cal Jan.     19,  1920 

Graffin,  Edward  David.  Lieut.  (Junior  Grade).  C.  E.  C. 
U.  S.  N.  Asst.  Civ.  Engr.,  Bureau  of  Yards  and  Docks, 
Navy  Dept.,  4014  Washington  Ave.,  Newport  News, 
Va Jan.     19,   1920 

Haefner,  Carl  WiLLiA:Nr.  117  South  1st  Ave.,  Moimt  Ver- 
non, N.  Y Sept.      9,  1919 

Hammel,  Edward  Frederic.     Editor.  Dept.  of  "\    _  „  ,         t     ^n^r^ 

*  /   Jun.  Feb.       1,   1910 

Architectural    Eng.    The    Am.    Architect 


^  M.  Nov.     25,  1919 


243  West  39th  St.,  New  York  City . 

Hargis,  Andrew  Broadits.     1200  Jones  Bldg.,  Pittsburgli, 

Pa Sei)t.      9,    1919 

Hawley.  John  Church.  Engr.,  Firemen's  Mutual  Insur- 
ance Co.,  841  David  Whitney  Bldg.,  Detroit,  Mich..  .  .      Jan.     19.   1920 

Hkaley,  Frank  Fifield.     Asst.  to  Pres.,  The  C.   F.  Pease 

Co.,  213  Institute  PI.,  Chicago,  111 Jan.     19,   1920 

Hogan,    Francis    Vincent.      Secy.-Treas.,    Panzieri-Hogan 

Co.,  90  State  St.,  Albany,  N.  Y Oct.      14.   1910 

Hopper,  Clarence  RicKER.     97  Quitman  St.,  Newark,  N.  J..     Jan.     19,  1920 

James,  Reginald  Heber.  Tnsp.  and  Asst.  Engr.,  Dept.  of 
Wharves,  Docks  and  Ferries,  4110  Manayunk  Ave., 
Roxborough,  Philadelphia,  Pa Tan.     19,   1920 

Johnson,  Frank  Arthur.     Prin.  Asst.  Engr.,  H.  J.  Brun- 

nier,   1946  El  Dorado  Ave..  Berkeley,  Cal Nov.     25,  1919 

Kline.  Wilmer  Ziegenfuss.  Structural  Steel  Draftsman, 
Public  Works  Dept.,  Philadelphia  Navy  Yard,  240 
Snmerville   Ave..   Philadelphia.    Pa Tan.      19,   1920 
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Knight,    Alexander    Clinton.      Maj.,    Corps    of    Engrs., 

U.  S.  A.,  2200  Linden  Ave.,  Baltimore,  Md Nov.    25.  1919 

KoESTER,  Edwin   Ferdinand.     Engr.  in   Chg.,^ 

Surveying     Dept.,     Street     and     Sewer       Jun.  Oct.        8,  1918 

Dept.,    City    of    Wilmington,    811    West  f  Assoc.  M.     Jan.     19,  1920 

St.,   Wilmington,   Del j 

Kranz,  Henry  Hugo.     1215  Casey  St.,  Dallas,  Tex Nov.    25,  1019 

Lanzendorf,  Oscar  William.     Asst.  County  Engr.,  Sutter 

County,  Box  36,  Yuba  City,  Cal Jan.     19,  1920 

Lilly,  Walter  Harrison.     Bridge  Engr.,  Hunt  Eng.   Co.. 

515  Reliance  Bldg.,  Kansas  City,  Mo Jan.     19.  1920 

Lundahl,     Raymond    Rudolph.       Div.     Engr.,     Sewerage 

Comm.,    City    of    Milwaukee,    347i4    Twenty-fourth 

St.,    Milwaukee,    Wis Jan.     19,  1920 

McGehearty,  Jerome  Francis  Joseph.     Head  Draftsman, 

Supervision    and     Inspection    of    Constr.,    Efficiency 

Engr.,  Swift  &  Co.,  1617  May  St.,  Fort  Worth,  Tex.  .      Nov.     25,  1919 

Manning,  William  James  Henry.    Asst.  Engr.,  ^  ^  ^,  .  ,„,. 

m,      T^  ,               o    .^    ,         ^       ,-r,         ^r.1    I  J»n.  Feb.  4,  1914 

The  Delaware  &  Hudson  Co.     Res.,  762    I  .            ,^  ^  ,„  ,„r.« 

,.    -.          A       ^     .„           T.T    t/                    V  Assoc.  M.  Jan.  19,  1920 

Madrson  Ave. ) ,  Albany,  N.  Y j 

Marsden,  Raymond  Robb.     Prof.,  Civ.  Eng.,  Thayer  School, 

Dartmouth  Coll.,  Hanover,  N.   H Jan.     19,   1920 

?iIiLLER,  Perry  Kay.  87  Midland  Ave.,  Montclair,  N.  J. .  .  .  Jan.  19,  1920 
Xagle,  John  Marion.     Highway  Engr.    (Cock  &  Nagle), 

Seymour,   Tex Jan.     19,  1920 

NoRRis,    William   James.      Care,    The   Whitney    Co.,    Bay 

City,    Ore Nov.     25,  1919 

North,  Alfred  Chandler.     Min.  Engr.,  Box  146,  Auburn, 

Cal Sept.      9,1919 

I'FLANZ,   Ernest   Leopold.     Div.    Engr.,    Sewerage    Comm., 

Milwaukee,  223  Oneida  St.,  Milwaukee,  Wis Jan.     19,   1920 

PitovAZNiK,    William    Joseph.      Asst.    Engr.    in    Chg.    of 

Sewers,  City  Engr.'s  Office,  Omaha,  Nebr Sept.     9,  1919 

Ouattlebaum,   Selby.     Supt.,  Highway  Erection,   Virginia 

Bridge  &  Iron  Co.,  Box  316,  Roanoke,  Va Jan.     19,  1920 

Rader,    Ralph    Dennis.     217    East    Jackson    Ave.,    Jones- 

boro.    Ark Jan.      19,   1920 

Roberts,     Harold      Whitney.      Res.      Engr.,  ^    _                   _  ,  ^  ,  ,^,, 

'  /  J"n-               Oct.  5,  1900 

Turner    Constr.    Co.,    422    Mason    Bldg.,  i    .  ht       t  i«  i«^r^ 

„       ,          ^                                                   '^  i    Assoc.  M.     Jan.  19,  1920 

Houston,    Tex j 

RoED,  Olaf  Andrew.     Chf.  Bridge  Engr.,  St.  Louis  County, 

Room  212,  Court  House.  Duluth,  Minn Jan.     19,  1920 

Saunders,   Robert   Speirs.     Junior   Engr.,   Public    Service 

Comm.,  First  Dist.,  414  First  St.,  College  Point,  N.  Y.     Jan.     19,   1920 

ScHOYEN,  Axel  Sophus.    Designing  Engr.,  Gimvald  Aus  Co., 

Tnterhaven   Ave.,   Plainfiold,   N.   J Jan.     19,   1920 


1-Vbiuaiy.  liriO  ]  MEMBl-lUSHLl' — ADDITIONS  291 

ASSOCIATE    MEMBERS     {Continued)  Date  of 

Membership. 
Shaw,  Silas  Frederick.     Supt.  of  Mines,  Am.  Smelting  & 

Refining  Co.,  Charcas,  S.  L.  P.,  Mexico Jan.     19,   1920 

Simon,  Fred  Lester.     24  Commerce  St.,  Baltimore,  Md.  .  .  .  Jan.     19,  1920 

Smith,  James  AxTELL.     2  East  10th  St.,  Brooklyn,  N.  Y.  .  .  Sept.     9,1919 
Stiver,  Christian  Erle.     124  South  Pacific  St.,  Cape  Girai- 

deau.    Mo Jan.     19,   1920 

TiLGHMAN,  Harrison.     Capt.,  C.  A.  C,  U.  S.  A.;  Care,  Col. 

Oswald   Tilghman,   Easton,   Md Jan.     19,   1920 

Treat,  Guy  Bradford.  Chf.  Engr.  and  Asst.  Mgr..  Okla- 
homa Ry.,  213  Terminal  Bldg.,  Oklahoma,  Okla .Jan.      19,   1920 

Whipple,    Stephen    Carson.      Asst.    Engr.,    State    Water 

Comm.,  632  New  Call  Bldg.,  San  Francisco,  Cal Jan.      19,   1920 

Whitney,    John    Thad.     State    Engr.    Office,  ^    ^  »       i  i     imi 

\                                                                          ,      /    Jnii.  April  1,   1914 

Box  259,  Montpelier   (Res.,  82  Main  St..   I    .            .^  t  io    mon 

'             '             ^                                        r  Assoc.  M.  Jan.  19,   19211 

Northfield ) ,  Vt ) 

Williams,  Sidney  James.  Secy,  and  Chf.  Engr.,  National 
Safety  Council,  168  North  Michigan  Ave..  Chicago. 
Ill Jiui.      19,    1920 

Young,  George  Richmond.  501  Marshall  St..  Apart- 
ment 23,  Milwaukee,  Wis Jan.      19.   1920 


Coon,  Mortimer  Fremont.     Estimator,  Steel  Plate  Constr., 

Petroleum  Iron  Works,  144  Logan  Ave.,  Sharon,  Pa.  ,      Jan.      19,   1920 

DOYNE,  Max  Harry.     Prin.  Asst.  Engr.,  C.  E.  Smith.  2073 

Ry.  Exchange  Bldg.,  St.  Louis,  Mo Jan.     19,   1920 

Harvey,  Alden  Wales.     168  West  96th  St.,  New  York  City.     June    11.  1917 

Henning,  Caspar  Ferdinand.     Res.  Eng.,  Alvord  &  Burdick. 

Hartford   Bldg.,   Chicago,   111 -Tan.     19,  1920 

Huntley,  Nelson  Hartwell.     Draftsman,  Pittsburgh-Des 

Moines  Steel  Co.,  51  Coulter  St.,  Pittsburgh.  Pa Jan.     19.    1920 

Pfeiffer,  Frederic  Barringer.     Care,  \J.  S.  Lock.  R.  F.  D. 

No.  3,  Berkley,  Va ^""v-     '--■'•   1'"'' 

PoNSFORD,   Henry  Jordan.     Gen.    Contr.    (H.   T.    Ponsford 

&  Sons) ,  2921  Wheeling  St..  El  Paso,  Tex Jan.      19.   1920 

Stevenson,  Eberle  Upshaw.  Draftsman  and  Instrument- 
man,  Carter  &  Knoch,  1722  Park  Ave..  Little  Rock. 
Ark -TiiM.      1 9,    1920 

Varney,  Edward  Allen.     Office  of  Prin.,  Wentworth  Inst.. 

Huntington  Ave.  and  Ruggles  St..  Boston.  Mass Nov.     25,   1919 

Zee,  Nai-Zung.     331  Peking  Rd..  Shanghai,  China Oct.      14,   1919 


REINSTATEMENTS  Kein''s?atement. 

P.ATCHELDER,    Ben.tamtx    Franklin Jan.     20,  1920 

Perkins,  Philo  S.^ckett Jan.     20,  1920 
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RESIGNATIONS 

MEMBERS 


r)ate  of 
Resignation. 


Graham,  Charles  Hallett Dec.  31,  1919 

Hess,  Alfred  Elmer Dec.  31,  1919 

MussoN,  Eugene  Francis Dec.  31,  1919 

TiTTMANN,  Otto  Hilgard Dec.  31,  1919 

Watt,  David  Alexander Dec.  31,  1919 

Wright,   Charles   Herbert Dec.  31,  1919 

associate     MEMBERS 

Baine,  George  Fredson Dec.  31,  1919 

Beck,   Ralph   Ernest Dec.  31,  1919 

Burns,   Walter   Elliott Dec.  31,  1919 

Christensen,  George  Andrew. Dec.  31,  1919 

David,   Fred  Carnot Dec.  31,  1919 

Fdwards,    Frederick Dec.  31,  1919 

Ellis,   Guernsey   William Dec.  31,  1919 

Fenkell,  Neal   Charles Dec.  31,  1919 

Goldsmith,   Nathaniel    Oliver Dec.  31,  1919 

Haas,  Philip  Lippman Dec.  31,  1919 

Hill,  William  Andrew Dec.  31,  1919 

Keith,   Lorin   Acil Dec.  31,  1919 

Peterson,  John  Ferdinand Dec.  31,  1919 

Sachse,    Richard Dec.  31,  1919 

Scott,  John   Kuhn Dec.  31,  1919 

Shema,   Joseph Dec.  31,  1919 

Strong,  Arthur  Leon Dec.  31,  1919 

juniors 

DaLee,   William   Amon Dec.  31,  1919 

Greene,  Robert  Nesbitt Dec.  31,  1919 

Gross,  Frederick  Henry Dec.  31,  1919 


DEATHS 

Browne,  William  Lyon.  Elected  Member  January  31st,  1911;  died  Novem- 
ber 24th,  1919. 

Christophers,  Reginald  Gillon.  Elected  Associate  Member,  June  24th. 
1914;  died  October  13th,  1918. 

Lehnartz,  Frederick  William.  Elected  ISIember,  August  6th  1879;  died 
February  14th,   1919. 

Weston,  George.     Elected  Member.  June  5th.  1907;  died  January  7th,  1920. 


Total  Membership  of  the  Society,  February  6th,   1920. 
9  467. 
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MONTHLY  LIST  OF  RECENT  ENGINEERING  ARTICLES  OF 

INTEREST 

(December  2:>d,  1919,  to  February  1st,  1920) 

Note. — This  list  is  published  for  the  purpose  of  placing  before  the 
members  of  this  Society  the  titles  of  current  engineering  articles, 
which  can  be  referred  to  in  any  available  engineenng  library,  or  can  be 
procured  by  addressing  the  publication  directly,  the  address  and  price 
being  given  wherever  possible. 

LIST    OF    PUBLICATIONS 

In  the  subjoined  list  of  articles,  references  are  given  by  the  number 
prefixed  to  each  journal  in  this  list: 

(2)  Journal,     Engrs.     Club     of     Phlla.,     (40) 

Philadelphia,  Pa. 

(3)  Journal,    Franklin    Inst.,    Philadel-     (41) 

phia,  Pa.,  50c. 

(4)  Journal,    Western    Soc.    of    Engrs.,     (42) 

Chicago,   111.,  50c. 

(5)  Journal,  Bng.  Inst,  of  Canada,  Mon-     (43) 

treal.  Que.,  Canada. 

(6)  Journal,  Am.  Inst,  of  Archts.,'Wash-     (45) 

ington,   D.  C,   50c.  (46) 

(7)  Oesundheits       Ingenieur,       Munich, 

Germany.  (47) 

(8)  Stevens  Indicator,   Hoboken,    N.   J., 

50c.  /4J5, 

(9)  Industrial   Management,   New    York 

City,    25c. 

(11)  Engineering  (London) ,  W.    H.  Wiley,     ,Ag\ 

432  Fourth  Ave.,  New  York  City, 

25c.  (50) 

(12)  The      Engineer      (London),      Inter- 

national    News     Co.,     New     York     (53) 
City,  35c. 

(13)  Engineering  Neios- Record,  New  York 

City,   15c.  (54) 

(15)  Railway  Age,  New  York   City,    15c. 

(16)  Engineering    and    Mining    Journal,     (55) 

New  York  City,   15c. 

(17)  Electric      Railvmy     Journal,      New 

York   City,   10c.  (56) 

(18)  Railway  Review,  Chicago,   111.,   15c. 

(19)  Scientific      American      Supplement, 

New   York   City,    10c.  (57) 

(20)  Iron  Age,  New  York  City,   20c. 

(21)  RailwoA/     Engineer,     London,     Eng-     (58) 

land.   Is.  2d. 

(22)  Iron  and  Coal  Trades  Rcvietv,  Lon- 

don,   England,   6d.  (59) 

(24)  American  Gas  Engineering  Journal. 

New  York  City,"  10c.  (60) 

(25)  Railway  Mechanical  Engineer.  New 

York   City,    20c.  (61) 

(26)  Electrical     Review,     London,     Eng- 

land, 4d. 

(27)  Electrical    World,    New    York    City,     (62) 

10c. 

(28)  Journal,      New      England      Water-     (63) 

Works  Assoc,   Boston,   Mass.,   $1. 

(29)  Journal,    Royal    Soc.    of   Arts,    Lon-     (64) 

don,  England,  6d.  (65) 
(32)    Memoires     et     Compte     Rendu     des 

Travaux,      Soc.      Ing.      Civ.      de  (66) 

France,  Paris,  France.  (67) 
{33)    he  Genie  Civil,  Paris,  France,  1  fr. 

(30)  Cornell  Civil  Engineer,  Ithaca,  N.  Y.  (69) 


Zentralblatt  der  Bauverwaltung, 
Berlin,  Germany,  60  pfg. 

Elektrotechnische  Zeitschrift,  Berlin, 
Germany. 

Proceedings,  Am.  Inst.  Elec.  Engrs., 
New   York   City,   $1. 

Annales  des  Fonts  et  Chaussees, 
Paris,  France. 

Coal  Age,  New  York  City,  15c. 

Scientific  American,  New  York  City, 
15c. 

Mechanical  Engineer,  Manchester, 
England,  3d. 

Zeitschrift,  Verein  Deutscher  In- 
genleure,  Berlin,  Germany,  1, 
60  m. 

Zeitschrift  fiir  Bauwesen,  Berlin, 
Germany. 

Stahl  \ind  Eisen,  Diisseldorf,  Ger- 
many. 

Zeitschrift,  Oesterreichischer  In- 
genieur und  Architekten-Verein, 
Vienna,  Austria,   70h. 

Transactions,  Am.  Soc.  C.  E.,  New 
York  City,   $16. 

Mechanical  Engineering:  Journal, 
Am.  Soc.  M.  E.,  New  York  City, 
35c. 

Transactions,  Am.  Inst.  Min.  and 
Metallurgical  Engrs.,  New  York 
City,  $6. 

Colliery  Guardian,  London,  Eng- 
land,  5d. 

Proceedings,  Engrs.'  Soc.  of  W.  Pa., 
2511  Oliver  Bldg.,  Pittsburgh, 
Pa.,  50c. 

Proceedings,  American  Water  Works 
Assoc,   Troy,   N.  Y. 

Municipal  and  County  Engineering. 
Indianapolis,    Ind.,    25c. 

Proceedings.  Western  Railway  Club, 
225  Dearborn  St.,  Chicago,  111., 
25c 

American  Drop  Forger,  Thaw  Bldg., 
Pittsburgh,   Pa.,   10c. 

Minutes  of  Proceedings,  Inst.  C.  E., 
London,   England. 

Power,  New  York  City,  10c. 

Official  Proceedings,  New  York  Rail- 
road Club,   Brooklyn,   N.   Y.,   15c. 

Gas  Journal.  London,   England,   6d. 

Cement  and  Engineering  News,  Chi- 
cago, 111.,  25c. 

Eisenbau,  Leipzig,  Germany. 


*  Illustrated. 
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(71)  Journal.   Iron   and   Steel   Inst.,   Lon-        (98 

don,  England. 
(71a)    Carnegie  Scholarship  Memoirs. Iron        (99 
and  Steel  Inst.,  London,  England. 

(72)  American  Machinist, 'Hew  YoT\i  C\iy,     (100 

15c. 

(73)  Electrician,   London,    England,    18c.     ,,(^-, 
(75)    Proceedings,   Inst,   of   Mech.   Engrs.,      "03 

London,  England.  fl04 

(17)    Joxirnal,  Inst.  Elec.  Engrs.,  London, 

England,   5s. 
(78)   Beton   und   Eisen,   Vienna,    Austria,     ( 105 

1,    50m. 
(80)    Tonindustrie    Zeitung,    Berlin,    Ger-     (IO6 

many. 
(83)    Gas  Age,  New  York  City,  15c.  (107 

(85)  Proceedings,   Am.    Ry.    Eng.    Assoc, 

Chicago,  111.  (109 

(86)  Engineering   and   Contracting,    Chi- 

cago,  111.,  10c.  (Ill 

(87)  Railway  Maintenance  Engineer, Chi- 

cago. 111.,  10c.  (113 

(88)  Bulletin    of    the    International    Ry. 

Congress    Assoc,     Brussels,     Bel-     (114 
gium. 

(89)  Proceedings,    Am.    Soc.    for    Testing 

Materials,    Philadelphia,    Pa.,    $5.     (115 

(90)  Transactions,  Inst,  of  Naval  Archts., 

London,   England.  (116 

(91)  Transactions,  Soc.  of  Naval  Archts. 

and     Marine     Engrs.,     New    York     (117 
City.  (118 

(92)  Bulletin,       Soc.       d'Encouragement 

pour  rindustrie  Nationale,  Paris,     (119 
France. 

(93)  Revue  de  Metallurgie,  Paris,  France,     (  120 

4   fr.   50. 
(96)    Canadian    Engineer,    Toronto,    Ont.,     (121 
Canada,   10c. 


Journal,  Engrs.  Soc.  of  Pa.,  Har- 
risburg.   Pa.,   30c. 

Proceedings,  Am.  Soc.  of  Municipal 
Improvements,  New  York  City,  $2. 

Professional  Memoirs,  Corps  of 
Engrs.,  U.  S.  A.,  Washington. 
D.  C,   50c 

Mini7ig  and  Scientific  Press,  San 
Francisco,   Cal.,   10c. 

The  Surveyor  and  Municipal  and 
County  Engineer,  London,  Eng- 
land,  6d. 

Chemical  and  Metallurgical  En- 
gineering, New  York  City,  25c. 

Transactions,  Inst,  of  Min.  Engrs., 
London,  England,  6s. 

Schweizerische  Bauzeitung,  Zurich, 
Switzerland. 

Journal,  Boston  Soc.  C.  E.,  Boston, 
Mass.,   50c. 

Journal  of  Electricity,  San  Fran- 
cisco,  Cal.,   25c. 

Proceedings,  Am.  Wood  Preservers' 
Assoc,    Baltimore,    Md. 

Journal,  Institution  of  Municipal 
and  County  Engineers,  London, 
England,    Is.    6d. 

Journal,  Engrs.'  C\\x\>  of  St.  Louis, 
St.   Louis,   Mo.,   35c. 

Blast  Fwmac.e  and  Steel  Plant, 
Pittsburgh,   Pa.,   15c. 

Engineering    World,   Chicago,    111. 

Times  Engineering  Supplement, 
London,    England,    2d. 

Landscape  Architecture,  Harris- 
burg,  Pa.,  50c. 

Automotive  Industries,  New  York 
City,   15c. 

Proceedings,  Am.  Concrete  Inst., 
Boston,  Mass. 


LISI    OF  ARTICLES 
Bridges. 

Construction  of  the  Bear  River  Bridge.*      A.  T.   Macdonald.      (5)      Oct.,  1919. 

A  Review  of  Recent  Advances  in  the  Length  of  Spans  of  Different  Classes  of  Bridges. 

Henry  S.  Jacoby.      (36)      Nov.,  1919. 
Highway  Bridges  of  Steel  and  Concrete.*      Charles  D.  Snead.      (60)      Dec,  1919. 
The  Erection  of  the  Hell  Gate  Bridge.*      (21)      Dec,  1919. 
An  Unusual  Design  for  a  Missouri  River  Bridge;  Wartime  Conditions  Enforce  Use  of 

Unique  Piers  Under  Heavy  Trusses  of  C,  M.  &  St.  P.   Structure.*      (15)      Dec 

19    1919. 
The   New   260   Ft.    Span    Single-Leaf   Bascule   Bridge   of   the   Illinois   Central   R.    R.* 

(86)      Dec    24,   1919. 
Longest    Single-Leaf    Bascule    Bridge:    Chicago    River.*      (13)      Dec.    25,    1919. 
British   Portable  Military  Bridges.*      C.   E.    Inglis.      (86)      Dec.   31,    1919. 
Bascule    Bridge,     Largest    of    Its    Type,     Built    Over    the    Chicago    River.*      W.    T. 

Christine.      (117)      Jan.   1. 
Construction  of   the  Canal   Street  Viaduct,  Chicago.*      P.  A.  Wells.      (117)      Jan.   1. 
Construction  of  High  Level  Bridge  at  Tansley,  Ont.*     A.  W.  Connor.      (96)      Jan.  8. 
High  Gantry  Used  for  Handling  Heavy  Members  of  Large  Bascule.*      (13)      Jan.  8. 
LTnique   Plant   Concretes    Seven-Span   Arch    Bridge.*      Arthur   Richards   and   Warren 

Carmichael.      (13)      Jan.  8. 
Simple  Stress  Diagram   for  Rolling  Loads.*      Norman  G.   Kapp.      (11)      Jan.  9. 
Progress  in  Bridge  Building.*      O.  H.  Ammann.      (117)      Jan.   15. 
Long   Life    for   Creosoted    Piles    in    Railroad    Trestle ;    Thirty-Five   Years   of    Service 

Affords  Conclusive  Demonstration  of  the  Value  of  Treatment.*      (15)      Jan.   16. 
Pile  Piers  Support  300  Ft.  Steel  Truss  Spans.*      (86)      Jan.  28. 
Recent  Advances  in   Length  of  Bridge  Spans.      Henry  S.  Jacoby.      (86)      Jan.   28. 
Formula  and  Curves  for  Approximating  Bridge  Costs.*     Charles  D.  Snead.     (Abstract 

of  paper  read  before  the  Kentucky  Highway  Engrs.'  Convention.)    (86)   Jan.  28. 
Berechnung    der    Biegungsmomente    infolge    der    Eisenbahnverkehrlast    fiir    durch- 

laufende    Trager   auf    drei    Stiitzen.*        Kommerell.         (49)         Serial    beginning 

Pt.  4,  1919. 


•  Illustrated. 


February,  1920.]      CURRENT  ENGINEERING   LITERATURE  295 

Bridges — (Continued). 

Die  Hangebriicke  iiber  den  La  Grasse-Fluss  in  Massena  Center,  N.  Y.*      Miillenhoff. 

(48)      Mar.  1,  1919. 
Ueber    die    Erhohung    der    zulassigen    Materialinanspruchnahme    eiserner    Briicken.* 

Friedrich  Hartmann.      (53)      Serial  beginning  July  25,   1919. 

Electrical. 

High  Potential,  High  Frequency  Apparatus  and  Experiments.*      F.  P.  Vaughan.      (S) 

Oct.,    1919. 
What  Is  an  Incandescent  Lamp?     R.  W.  Shenton.      (19)      Oct.  25,  1919. 
Some    Notes    on    the    Installation    and    Maintenance    of    Electrical    Apparatus.*      W. 

Cross.      (77)      Dec,   1919. 
Three-Phase   Meter  Testing.*      A.   J.  Bridge.      (26)      Dec.   5,   1919. 
Temperature  Uniformity  in   an  Electric  Furnace.*      John  B.  Ferguson.      (19)      Dec. 

6,  1919. 
The  Automatic   Electric  Telpher   and   Its  Use   in   Industrial   Establishments.*      N.   G. 

Kapp.      (73)      Dec.  12,  1919. 
Internal  Actions  and  the  Performance  of  Electric  Furnaces.*     W.  K.  Booth.      (19) 

Dec.  13,  1919. 
Radiant    Resistor-Furnace.*      F.    A.    J.    Fitzgerald.      (Paper    read    before    the    Amer. 

Electrochemical  Soc.)       (105)      Dec.  17,  1919. 
Magnetic  Storms  As  Affecting  Ocean  Telegraph  Cables.*      Edward  Raymond-Barker. 

(26)  Serial  beginning  Dec.  19,  1919. 

Self -Starting     Unity-Power-Factor      Synchronous      Motors.      F.      A.      Lauper.      (26) 

Dec.   19,   1919. 
Electric  Furnace  for  Experimental  Work.*      F.  A.  J.  Fitzgerald  and  Grant  C.  Moyer. 

(105)      Dec.   24,    1919. 
Renewed  Lamps.*      (73)      Dec.  26,  1919. 
A    Remarkable    Property    of    a    Weil-Known    Alternating-Current    Circuit.*      E.    B. 

Brown.      (73)      Dec.  26,  1919. 
A    System   for   the   Reception    of   Continuous    Waves.*      John    Scott -Taggart.      (Paper 

read  before  Wireless  Soc.  of  London.)       (26)      Dec.  26,   1919. 
Semi-Automatic   Induction-Generator  Plants.*      L.   J.   Moore.      (27)      Dec.   27,   1919. 
Wireless  Storm   Detector  for   the  Central   Station.*      Herbert  T.   Wade.      (19)      Jan. 
Theory  of  Arc  Welding.*      Ralph   G.   Hudson.      (From  Journal  of  the  Am.   Welding 

Soc.)      (2)      Jan. 
Wireless  Telephony.*      N.  H.   Slaughter.      (3)      Jan. 

Welding  Cast  Iron  with  the  Electric  Arc  ;  How  to  Overcome  Brittleness  and  Crack- 
ing.*     Otis  Allen   Kenyon.      (20)      Jan.   1. 
Mercury  Arc  Rectifiers  for  Large  Outputs.*      (73)      Jan.  2. 

Criteria  for  the  Testing  of   Magneto  Magnets.*      J.   D.   Morgan.      (73)      Jan.   2. 
Artistic  and  Utilitarian  Theater  Lighting.*     Lyman  Day  Morgan.      (27)      Jan.  3. 
Requirements  for  Induction  Motor  Service.*      (27)      Jan.  3. 

Thermal  Conductivity  of  Underground  Ducts.*      Willard  S.  Wilder.      (27)      Jan.  3. 
Transmission-Line  Reconstruction.*      P.  O.  Reyneau  and  H.  P.  Seelye.     (27)    Jan.  3. 
Application  of  Vectors  to  Wiring  Diagrams.*      Lewis  A.  Tewen.      (27)      Jan.   10. 
Reconnecting    Induction     Motors,     Reconnecting    Problems.*      A.     M.    Dudley.      (64) 

Jan.  13. 
Arc  Welding.*      F.  A.  Anderson.      (Ill)      Jan.  15. 
The  A-1  Electric  Spot  Welders.*      (22)      Jan.   16. 

Present-Day  Practice  in  Relay  Protection.*      H.  P.  Woodrow.      (27)      Jan.  17. 
Maintenance    of    Interior    Lighting    Systems.*      Ward    Harrison    and    J.    R.    Colville. 

(27)  Jan.  24. 

Present  and  Future  of  Line   Insulators.*      F.  W.   Peek,   Jr.      (27)      Jan.   24. 
Problems    in     Electric-Furnace    Smelting.      F.    Holmgren.      (105)      Jan.     28;      (27) 

Jan.  24. 
Estimating  Manhole  Costs    (Cable   Manholes).*      E.   E.   George.      (13)      Jan.    29. 
Concrete  Parts  for  Generators.*      C.  M.  Haekett.      (From  General  Electric  Revieio.) 

(96)      Jan.   29. 
Les  Nouvelles  Installations  du  Tunnel  du  Simplon.*      A.  Bidault  des  Chaumes.      (33) 

Serial  beginning  Oct.   11,   1919. 
L'Etablissement    par    I'Etat,    d'un    Reseau    Electrique    a    Haute    Tension    dans    les 

Regions  Liberees.*      G.  Tochon.      (33)      Nov.  15,  1919. 
Kondensatoranfressungen.*      (Electrical.)      Milchalke.      (48)      Aug.    2.    1919. 
Der  offene  Drehstrommotor  in   schwierigen   Betrieben.*      Ernst  Dorffel.      (48)      Aug. 

9,   1919. 

Marine. 

E.  F.  C.  Water-Tube  Boiler  for  W^ood   Ships.*      F.  W.   Dean   and  Henry  Kreisinger. 

(55)      Dec,  1919.  ^  .       . 

Sequencing    Material    in    Shipbuilding,    Reduces  ■  Time    and    Cost    of    Construction.* 

O.  E.  Mills.      (9)      Dec,  1919. 
A    Test    of    Watertight    Bulkheads    for    Ship    Subdivision.*      Archibald    Hogg.      (11) 

Dec.  5    1919. 
United   States  Patrol   Boats  of   "Eagle"   Class.*      (11)      Dec.   5,   1919. 


*  Illustrated. 
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Marine — (Continued). 

The    Fessenden    Pelorus    (Wireless    Compass)  :    A    Caution    as    to    Its    Use.*      R.    A. 

Fessenden.      (73)      Dec.    19,    1919. 
Enlarged   Fleet   of   Ore   Boats   Plying   Hudson  ;    Notable    Dock   and    Handling   Equip- 
ment.*     (20)      Jan.  1. 
The  Motor  Ship  Asia  for  the  East  Asiatic  Company.*      (II)      Jan.  2. 
Structural    Design    of   Caisson    Gates    for    Dry    Docks.*     Eugene    E.    Halmos.      (13) 

Jan.  8. 
Oil  Tank  Steamer  San  Fernando.*      (11)      Jan.  16. 

Mechanical   Stokers   Aboard   Ship.*      Charles   H.   Bromley.      (64)      Jan.    20. 
Largest    Derrick    Built    to    Erect    Great    Hammerhead    Crane,    Handles    40    Tons    at 

125-Ft.  Reach  of  252-Ft.  Boom  in  Building  350-Ton  Fitting-out  Crane  at  Phila- 
delphia Navy  Yard.*      (13)      Jan.  22. 
Las  Proprietes  du  Beton  Arme   Employe  dans  les  Constructions   Navales.*      Poncet. 

(33)      Sept.   20,  1919 
Les  Chalands  en  Beton  Arme,  Systeme.     Henry  Lossier.*     Ch.   Dantin.      (33)      Oct. 

4,   1919. 
La  Commande   Electrique  des  Vannes  et  des  Portes  de   I'Ecluse  a   Sas  du  Bassin   k 

Flot  du  Port  de  Boulogne.*      A.  Foillard.      (33)      Oct.  11,  1919. 
Grue  Flottante  de  250  Tonnes  de  I'Amiraute  britannique.*      (33)      Oct.   25,   1919. 
Tracteur    Automobile,    Systeme    Schneider;     pour    le    Halage    des    Bateaux.*      (33) 

Nov.    1,    1919. 
Die   technischen    und    wirtschaftlichen    Grundlagen    der   Verwendung   von    Eisenbeton 

als  Schiffbaumaterial.*     Carl  Commentz.      (48)      Serial  beginning  Mar.  8,  1919. 
Der  neue  250t-Hammerwippkran  der  Werft  von  Blohm  &  Voss  in  Hamburg.*      (48) 

April   19,   1919. 
Ueber   die   Beziehungen    zwischen    der   Reaktionsstrahl-Theorie   und   den    Fliigelblatt- 

Theorie  bei  der  Schiffschraube.*     W.  Riehn.      (48)      Apr.  26,   1919. 
Die  Holzkonservierung  im  Schiffbau.      Ernst  Lindos.      (48)      May  3,  1919. 
Eisenbetonschiffbau.      (80)      Serial   beginning  May   17,    1919. 
Der  deutsch-rumiinische  Werftbau   Giurgiu.*      E.   Foerster.      (48)      Serial   begmnmg 

June  7,  1919. 
"Formstabile."      Schiffskorper.*      Ernst   Foerster.      (48)      Serial   beginning  July   19, 

1919. 

Mechanical. 

Problems  in   the   Utilization  of   Fuels  ;    Economic  Use  of  the  Poorer  Grades  of  Coal 

and  Oils.      Raymond  F.  Bacon  and  William  A.  Hamor.      (19)      Serial  beginning 

Oct.    11,    1919. 
Petroleum   Refining.*      R.  W.   Cunningham.      (From  Jour.  Soc.  Automotive  Engrs.) 

(19)      Nov.  8,  1919. 
Heat    Treatment    of    155-mm.    High    Explosive    Shell.*      William    J.    Merten.      (105) 

Nov.   26-Dec.   3,   1919. 
A  British  Air  Limousine.*      (120)      Nov.   27,  1919. 
The   Problems   in    Designing   an    Engine   Camshaft.*      (120)      Serial   beginning    Nov. 

27     1919. 
The  Static  Head  Turn   Indicator  for  Aeroplanes  :   An    Instrument  Which   Enables  an 

Aviator  to   Find   His  Way   in   a   Fog.      Sir   Horace   Darwin.      (From   paper   read 

before  the  Royal  Aeronautical  Soc.)       (19)      Nov.   29.   1919. 
A    New   Type   of    Hydraulic-Turbine    Runner.*      Forrest   Nagler.      (55)      Dec,    1919. 
Air  Pumps  for  Condensing  Equipment.*      Frank  R.  Wheeler.      (55)      Dec,  1919. 
Calculations   Relating   to   High    Pressure   and    High   Temperature   Steam   with    Inter- 
heating  for  Power  Generation.*      W.   M.   Selvey.      (77)      Dec,   1919. 
Carbon   Dioxide  Recorders;  Aids  to  Fuel  Economy.      (118)      Dec,  1919. 
High-Speed   Gearing:   Widened   Application   of   the  Turbine.      (118)      Dec,    1919. 
Slow-Speed  Tests  of  Kingsbury  Thrust  Bearings.*      H.  A.   S.  Howarth.      (55)      Dec, 

1919. 
Tests  of  the  Unaflow  Pumping  Engine.*      D.  A.  Decrow.      (28)      Dec.  1919. 
Combustion    of    Heavier    Fuels    in    Constant-Volume-Type    and    Superinduction-Type 

Engines.      Leon    Cammen.      (55)      Dec,    1919. 
Flow   of   Water   Through   Condenser   Tubes.*      W.    L.    De   Baufre    and    M.    C.    Stuart. 

(55)      Dec,   1919. 
The  Hvid  Engine  and  the  Fuel  Problem.*      E.  B.  Blakely.      (55)      Dec,   1919. 
Waste   Heat    Boilers    Produce    Sufficient    Steam   to    Furnish   All    the    Power   Required 

in    a    Cement    Plant    from    the    Exhaust    Gases    of    the    Cement    Kilns.     F.    G. 

McKelvy.      (67)      Dec.  1919. 
New    York-London    Airship    Line    Service    Is    Planned.*      Allen    Sinsheimer.      (120) 

Dec.   4     1919. 
Moisture  in  Blast-Furnace  Coke.     William  H.   George.      (22)      Dec.   5,   1919;     (57) 

Jan.  2. 
Consumption  of  Fuel  and  Raw  Materials  in  the  Manufacture  of  Pig-iron  and  Steel. 

(22)      Dec.   5    1919. 
Manufacture  of  Pure  Naphthaline  from  Coal  Tar.      F.  A.  Davy.      (22)      Dec.  5,  1919. 
Commercial  Coal  Testing.     J.   Devlin.      (26)      Dec.   5,   1919. 
Fuel  Blending,  the  Sandwich  System.*     E.  W.  L.  Nicol.      (19)      Dec.  6.  1919. 

*  Illustrated. 
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Mechanical — (Continued). 

Water-Gas    Manufacture    in    a    Small    Gas-Works.*      J.    W.    Gibson.      (66)      Dec.    9, 

1919. 
Net    Cost    of    Coal    for    Various    Sj'stems    of    Gasification.*      (66)      Serial    beginning 

Dec.  9,  1919. 
An    Improved    Orsat   Apparatus   for   Gas   Analysis.*      G.    W.   Jones   and   F.    R.    Neu- 

meister.      (105)      Dec.  10,  1919. 
The  Tensile  Test  in  the  Aluminum  Factory.*      W.  A.  Gibson.      (120)      Dec.  11,  1919. 
Fearing  Loads  on  Gear  Transmissions.*      P.  M.  Heldt.      (120)      Dec.  11.  1919. 
Oxyacetylene   Process   in   Collieries   and    Shops.*     Charles   C.   Phelps.      (45)      Serial 

beginning  Dec.   11-18,   1919. 
Portable   Loading  Devices.*      G.   Bell.      (73)      Dec.    12.   1919. 
Coal  Face  Conveyers.*      H.   C.  Jenkins.      (73)      Dec.   12,   1919. 
Labour  and  Labour-Saving  Devices.*      G.  F.  Zimmer.      (73)      Dec.   12,  1919. 
The   St.   Cyr  Aerodynamic  Balance   for   Testing   Model   Propellers.      William  Knight. 

(II)      Dec.  12,  1919. 
Conveyor  Installation  at  the  Maypole  Margarine  Factory,  Southall.*      (II)      Dec.  12, 

1919. 
Valve  Failures  and  Valve  Steels  in  Internal-Combustion  Engines.*      Leslie  Aitchison. 

(Paper   read   before   the    Inst,   of   Automobile   Engrs.)      (II)      Serial   beginning 

Dec.    12,    1919;     (120)     Dec.    25,    1919. 
Potash   from    British    Blast   Furnaces.      E.    C.    Rossiter  and   Cyril    S.    Dingley.      (22) 

Dec.  12,  1919;     (lOS)     Dec.  10,  1919. 
The  Seed-Crushing  Industry.      J.  W.  Pearson.      (29)      Dec.  12,  1919. 
Future     Internal-(^ombustlon     Engines.*      C.     A.     Norman.      (19)      Serial     beginning 

Dec.  13,  1919. 
Appraisal  of  Gas  Property  for  Rate  Making.      Frank  Batt.      (83)      Dec.  15,  1919. 
Boiler  Fuel  Economies  in  Gas  Works  Operation.*      F.  C.  Armbruster.      (Paper  read 

before  the  South  Central  Gas  Assoc.)       (83)      Dec.   15,  1919. 
Solution  of  Gas  Distribution  Problems  at  Alton,  111.*      C.  E.  Reese.      (83)      Dec.  15, 

1919. 
Researches  on   the   Operating   Conditions   of   Magnetos.*      P.   M.    Heldt.      (Translated 

from    article   by   A.   Contet    in    La   Technique   Automobile   et   Aerienne.)       (120) 

Dec.   18,   1919. 
Sources  of  Power,  Known  and  Unknown.     Sir  Oliver  Lodge.      (29)      Dec.   19,   1919. 
A  Solid  Fuel  in  Liquid  Form.*      Robert  G.  Skerrett.      (46)      Dec.  20,  1919. 
Resistance   of   Absorption    Tower   Packing    to   Gas    Flow.      Fred    C.    Zeisberg.       (125) 

Dec.  24,   1919. 
A  Heavy  Forging  Plant  in  Wisconsin  ;  By  Developing  for  Its  Own  and  Government's 

Needs,    Allis-Chalmers    Co.    Has    Facilities    Comparable    with    Best    in    East.* 

(20)      Dec.  25,  1919. 
Steam    Shovel    Digs    Sewer   Trench    in    Narrow    Space.*      George    C.    DeLeuth.      (13) 

Dec.   25,  1919. 
Types  of   End   Standards  ;    Relative  Value  of   Flat,   Cylindrical,    Spherical  and  Other 

End  Standards.*      (20)      Dec.  25.   1919. 
Some  Coke-Oven  Problems  of  the  Future.      T.  B.   Smith.      (22)      Dec.  26,  1919. 
A  New  Compensated  Heatmeter  ;   Eliminating  the  Effect  of  Line  and  Thermo-Couple 

Resistance.*      Charles  P.  Frey.      (19)      Dec.  27,  1919. 
Airplane   Dopes   and   Doping ;    Shrinking   and   Waterproofing   the   Fabric  of   Airplane 

Wings.      W.  H.  Smith.      (19)      Dec.  27,  1919. 
The   Still  Engine  ;   New  Type  Uses  Steam  on   One  Side  of  Piston  and  Oil  or  Gas  on 

other;    Heat  of   Combustion    Generates   Necessary   Steam.      F.   H.    Mason.      (16) 

Dec.   27    1919. 
A    Self-Adjusting   Spring   Thrust   Bearing.*      (64)      Dec.    30.   1919. 
Coal-Handling    at    Erie    Works    Plant    of    General    Electric    Co.*      Henry    J.    Edsall. 

(64)      Dec.  30,  1919. 
Direct-Current  Motors  for  Driving  Centrifugal   Pumps.*      Nathan   Wilkinson.      (64) 

Dec.  30.  1919. 
Ethylene  as  Alcohol  from  Coke-Oven  Gases.     Ernest  Bury  and  O.  Ollander.    (Abstract 

of   paper   read   before   the   Cleveland    Inst,   of   Engrs.)       (22)      Serial   beginning 

Dec.   19,   1919;     (66)     Dec.   30,    1919. 
Gas  Measurements  with  Plain  Orifices.*      A.  H.  Blaisdell.      (64)      Dec.  30.   1919. 
Two  New  Vilter  High-Speed  Ammonia  Compressors.*      (64)      Dec.  30,  1919. 
Tentative  Regulations  for  the  Storage  and  Use  of  Fuel  Oil.      (105)      Dec.  31,  1919. 
Coal   Handling   Equipment   of   the   "Old   Hickory  "   Powder   Plant.*      Henry   J.    Edsall. 

(9)      Jan. 
Scale    Effects    in    Relation    to    Aerodynamics.      Testing    Aeroplane    Parts    in    Wind 

Tunnels.*      H.    Levy.      (19)      Jan. 
Logging  with  Belt  Tread  Tractors;    Use  of  "Caterpillar"  Trailers.*      C.   D.   Metcalf. 

(19)      Jan. 
Tar    Disposal    in    a    Producer    Gas    Plant ;    a    Method    of    Vaporizing    Tar    That    Has 

Proved    Successful.*      (19)      Jan. 
Thermal  Conductivity  of   Insulating   Materials.*      T.   S.  Taylor.      (55)      Jan. 
Steam  Use  in  Textile  Processes.*      G.   H.  Perkins.      (55)      Jan. 
New  By-Product  Plant  at   Indiana   Harbor.*      (116)      Jan. 

*  Illustrated. 
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Mechanical — (Continued). 

McKeesport    Tin    Plate    Company    Operates    Modern    Steam    Power    Plant.*      (116) 

Jan. 
Manufacture  of  Genuine  Wrought-Iron  Pipe.*      N.  Boland.      (Paper  read  before  Am. 

Soc.   of   Heating   and   Ventilating   Engrs.)       (2)      Jan. 
Methods   of    Handling  and    Storing    Fuel    Oil   and    Gasoline.*     Charles   L.    Hubbard. 

(9)      Jan. 
How    to    Prevent    Torsional    Vibration    in    the    Crankshaft.*     P.    M.    Heldt.      (120) 

Jan.  1. 
Modern    Practice    In    Coal    "Washing.*      Horatio    C.    Ray.      (Paper    read    before    Coal 

Min.  Inst,  of  America.)       (45)      Jan.  1. 
Oil  Pipe  Line  Transmission.*      H.  "W.  Crozier.      (Ill)      Jan.   1. 
Plant  for  Casting  Automobile  Cylinders.*       (20)      Jan.   1. 
Status  of  the  Powdered  Fuel  Problem.     Joseph  H.  Shadgen.      (20)      Jan.  1. 
New   Developments   in   High   Vacuum   Apparatus.*      G.    L.    E.    Kothny.      (Paper    read 

before  the  Soc.  of  Naval  Archts.)      (11)      Jan.   2. 
An    Approximate    Method    of    Testing    Aeroplane    "Wing    Ribs.*      N.    "W.    McLachlan. 

(11)      Jan.   2. 
Temperature    Changes    in    Coke    Ovens.*     A.    H.    Middleton.      (22)      Jan.    2;      (66) 

Jan.   6. 
Cost  of  Low  Power  Factor.*      Will  Brown.      (64)      Jan.   6. 
Pteam-Turbine  Governors;   Small  Shaft  Governors.*      (64)      Jan.   6. 
Recovery  of  the  Nitrogen  Contained  in  Oil  Shales.     Louis  Simpson.      (105)      Jan.  7. 
Results  of  a  Series  of  Tests  of  "Water-Quenched   Free-Cutting  Steel.*      C.   P.   Miller. 

(72)      Jan.   8. 
The  Graff  &  Stift.*      (German   motor  transport.)      (120)      Jan.  8. 
The  Hansa-Lloyd.      (German   motor  transport.)       (120)      Jan.   8. 
The  Komnick.      (German  motor  transport.)      (120)      Jan.  8. 
The  Mulag.      (German   motor  transport.)       (120)      Jan.  8. 
Producer  Gas  for  Motor  Vehicles.     D.   J.    Smith.      (Paper   read  before  the  Inst,   of 

Automobile   Engineers.)       (11)      Serial   beginning  Jan.   9. 
The    Principles    and    Practice    of    Swivelling    Ball    Bearings.*      "W.    E.    Baker.      (11) 

Serial  beginning  Jan.  9. 
By-Product  Coking  Plant  in  British  Columbia.*      Robt.   Dunn.      (57)      Jan.   9. 
Multi-Flame    and    Rotary-Flame   Gas-Fired    Furnaces.*      (22)      Jan.    9. 
Study  of  the   Forms  in  which   Sulphur  Occurs  in   Coal.*     A.   R.   Powell  and   S.  "W. 

Parr.      (Abstract  from  Univ.  of  111.,  Bulletin  No.  111.)       (57)      Serial  beginning 

Jan.  9. 
New  Armour  South  St.   Paul  Plant.*      (64)      Jan.   13. 
Practical    Lubrication ;    Oils   and   Their    Physical    Characteristics.*      "W.    F.    Osborne. 

(64)      Jan.  13. 
Refrigeration    Study   Course.*      H.    J.    Macintire.      (64)      Serial    beginning   Jan.    13. 
Eventual   Retort   Plant   for   the   Distillation    of    Oil    Shales.      Louis   Simpson.      (105) 

Jan.  14. 
Fuel  Oil  Versus  Coal  on  Mechanical  Stokers  ;   An  Analysis  of  Advantages  and  Dis- 
advantages.     F.  H.  Daniels.      (20)      Jan.  15. 
New  Plant  for  Making  Carbon  Electrodes  ;   Raw  Materials  Electrically  Calcined  and 

Handled     Largely     by     Gravity     at     "Works     of     Republic     Carbon     Co.*      (20) 

Jan.  15. 
S.  A.  E.  Standardization  "Work  in  1919.      (120)      Jan.   15. 
Tests  Conducted  of   Electrically  Heated   Core  Ovens.*      (20)      Jan.   15. 
Trend    of    Airplane    Design.*      (120)      Jan.    15. 

Trend  in   Passenger  Car  Design    (Automobiles).*      P.   M.  Heldt.      (120)      Jan.   15. 
Coal-Handling  by  Suction.*      (22)      Jan.   16. 
Semi-Portable  Aerial   Ropeway.*      (11)      Jan.    16. 
Striped   Coals.      H.    "Winter.      (From    Glucknuf.)       (57)      Jan.    16. 
Mechanical   Stokers  Aboard   Ship.*      Charles   H.    Bromley.      (64)      Jan.   20. 
Synchronous   Motors   for   Driving  Centrifugal    Pumns.*      Soren   H.    Mortensen.      (64) 

Jan.  20. 
Absorption    of    Gases    in    Spray    Systems    and    Towers.*      Edwin    M.    Baker.      (IDS) 

Jan.  21. 
Furnace   for  Testing   Firebrick  under   Load   at   High   Temperatures.      C.   H.    Lovejoy. 

(105)      Jan.  21. 
Some  Chemical  Data  on  Coal  Pyrite.*      H.  F.  Yancey.      (105)      Jan.  21. 
The   Catalyst   for   the   Oxidation    of    Ammonia.     G.    A.    Perley.      (Paper   read  before 

the   Amer.    Chem.    Soc.)       (105)      Jan.    21. 
Variation    of   Airplane    Engine   Speed    with    Speed    of    Flight.*      Edward    P.    "Warner. 

(120)      Jan.  22. 
Largest  Derrick  Built  to   Erect  Great   Hammerhead  Crane.*      (13)      Jan.   22. 
Use    of   Gas    in    Connection    with    Bronzing    Processes.     Gilbert    C.    Shadwell.      (24) 

Jan.  24. 
By-Product   Plant  for   Sydney.*      C.  E.   "Wallin.      (83)      Jan.   26. 
Cooling  Liquids  in   Spray  Systems  and  Cooling  Towers.*      Edwin   M.   Baker.      (105) 

Jan.   28. 
Loss  Due  to  Carbon  in  Furnace  Refuse.*     C.  H.  Berry.      (105)      Jan.  28. 
Some  Metallurgical  Features  of  the  Liberty  Engine.      R.  S.  Archer.      (105)      Jan.  28. 
Coal-Handling  Features  New  Boiler  Plant.*      (20)      Jan.   29. 

*  Illustrated. 
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Mechanical — (Continued). 

Machining  Operations  on   Die   Stocks.*      J.   V.   Hunter.      (72)      Jan.   29. 

The  Foote-Burt   Inverted   Drilling  Machines.*      J.   V.   Hunter.      (72)      Jan.   29. 

Lampblack,    By-Product   from   Oil   Gas   Manufacture,   a  Readily   Marketed   Domestic 

Fuel.*      E.    L.   Hall.      (24)      Jan.   31. 
Programme  National  de  Cokefaction  et  Gazeiflcatlon   Integrales  de  la  Houille.      (33) 

Oct.  4    1919. 
Le    XV^    Salon    de    I'Automobile    de    Paris    (9-19    octobre    1919).*      G.    Birle.      (33) 

Serial   beginning   Oct.    18.    1919. 
La   Navigation  Commerciale  Aerienne.*      Emile  Gouault.      (33)      Oct.   25,   1919. 
Tracteur  Automobile,  Systeme  Schneider  pour  le  Halage  des  Bateaux.*      (33)      Nov. 

1,  1919. 
Methode   Rapide   et  Appareils   de   Controle   des   Foyers   k   Chargement   Automatique.* 

Marcel  Chopin.      (33)    .  Nov.  1,   1919. 
Transporteur  Funiculaire  de  Retournemer  Construit  en  1915  Pour  le  Ravitaillement 

des  Troupes  en   Alsace.*      F.   Mertz.      (33)      Nov.   1,   1919. 
Le  Debenzolage  du  Gaz  ;  Resultats  Obtenus  Pendant  le  Guerre.*      (33)      Nov.  8,  1919. 
Les    Qualites    de    I'Essence   pour    Moteurs   d'Aviation.*      A.    Grebel.      (33)      Nov.    22. 

1919. 
Neue  Motorfahrzeuge  fiir  Heereszwecke.*      (48)      Jan.   11,   1919. 
Stromung   in   Diisen   und   Strahlvorrichtungen,   mehrdimensional   betrachtet.      A.   Sto- 

dola.      (48)      Jan.   11,   1919. 
Die    dynamische    Wirkung    der    Abgassaule    in    den    Auspuffleitungen    von    Kolben- 

maschinen.*      Kurt   Neumann.      (48)      Feb.    1,    1919. 
Einiges    iiber   Dampfmesser.*      A.    Rover.      (48)      Feb.    1.    1919. 
Die  Reihensamaschine.*      Hans   Frey.      (48)      Feb.   8,   1919. 

Deutschlands   zukiinftige   Kohlenwirtschaft.*      Brabbee.      (48)      Feb.    15,    1919. 
Einfluss  der   Schaufelwinkel   auf   die   Leistung  der   Ventilatoren.*      J.    Karrer.      (48) 

Feb.   15,   1919. 
Die     Umschlagplatze     der     Zentral-Einkaufsgesellschaft     fiir     die     Beforderung     von 

rumanischem   Getreide.*      R.   Herzfeld.      (48)      Serial   beginning   Feb.    22,   1919. 
Mischen  von  Zementrohmehl  mit  Koksgrus.*      H.   Roder.      (80)      March   8.   1919. 
Kritischen    Drehzahlen    rasch    umlaufender    Wellen.      H.    Lorenz.      (48)      March    15, 

1919. 
Die    Einspritzkondensation    in    Amerika.*      Leopold    Heimann.      (48)      Serial    begin- 
ning Mar.  29,  1919. 
Die   Zentrifugalveutilatoren   und  Zentrifugalpumpen   und   ihre   Antriebmaschinen,  die 

Kleindampfturbine  'und  die  Elektromotor   im   Heizungsfache.*      V.   Hiittig.      (7) 

Serial  beginning  April  5,  1919. 
Neuzeitliche    Lufttrocknungsanlage.*      R.    Seydel.      (80)      Serial    beginning   April    8, 

1919. 
Sand  fur  Kalksandsteine.     B.   Krieger.      (80)      Serial  beginning  April  8,   1919. 
Halbautomat  fiir  Futterarbeit  bis  520  mm.  Dmr.  der  Leipziger  Werkzeug-Maschinen- 

fabrik   vorm.      W.   von    Pittler,   A.-G.   in   Wahren,    Leipzig.*        F.   Nickel.      (48) 

April   12,   1919. 
Die  Bedeutung  der  Strohaufschliessuntr  und  die  Strohfutterfabriken  der  Stadt  Essen.* 

R.  Poensgen  and  H.  Bolstorff.      (48)      Apr.  26,   1919. 
Anforderungen    der    Werkstatt    an    das    Konstruktionsbureau.*      P.    Schmerse.      (48) 

Serial  beginning  May  3,   1919. 
Die  Anwendung  des  kiinstlichen   Zuges   auf   Dampfkesselanlagen.      Trautmann.      (7) 

May  3,  1919. 
Rechentafel    fiir   Rauch-oder   Gichtgase   von   a.schehaltigen   Brennstoffen.*      Wa.    Ost- 

wald.      (48)      May  3,   1919. 
Die  Druckhohe  zur  Bewegung  von   Luft  bei  geanderter  Temperatur.      Franz  Zaruba. 

(7)      May   10,    1919. 
Der  kleine  Motorpflug  der   Brsten   bohmisch-miihrischen    Maschinenfabrik    in    Prag.* 

A.   Heller.      (48)      May  10,   1919. 
Staudacher  Zementdachsteine.*      Kroher.      (80)      May  10,   1919. 
Aufgaben  fiir  Technik  und   Landwirtschaft   zur  Hebung  der  Erwerbsmoglichkeit   auf 

dem  Lande.*      Kurt  Krohne.      (48)      Serial  beginning  May  17,  1919. 
Das   allgemeine  Verhalten   der   Kreiselverdichter.*      Gustav   Fliigel.      (48)      May   17, 

1919. 
Die  Ursachen  der  Zerstorungen  an  Wasserrohrkesseln  im  Turbinenbetrieb  und  die  zu 

ergreifenden    Gegenmassnahmen.*      Siegmon.      (48)      Serial    beginning    May    24, 

1919. 
Selbstkostenberechnung   im   Ziegeleibetrieb.      G.   Huther.      (80)      May   29,    1919. 
Die    Entwicklung    des    deutschen    Riesenflugzeugbaues    Wahrend    des    Krieges.*      A. 

Baumann.      (48)      Serial  beginning  May  31,  1919. 
Berechnung  des  Kohlenbedarfes.     G.  Paschke.      (80)      June  7,  1919. 
Sell-  und  Kettenforderungen  mit  Spannungsausgleich  als  statisch  bestimmte  Gebilde.* 

Otto   Ohnesorge.      (48)      June  14,   1919. 
Versuche  an   Sachsenwerk-Zentrifugal-   Ltiftern.*      Huttig.      (7)      June   14,   1919. 
Versuche    mit    Stiftnietungen    nach    dem    Schuchschen    Verfahren.*       R.    Baumann. 

(48)      June  14,  1919. 
Die  bayerische  Technische  Hochschule  zu  Munchen.*    (48)    Serial  beginning  June  21, 

1919. 

*  Illustrated. 
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Mechanical — (Continued). 

Beurteilung  des   Energieverlustes   von    Kreiselradniaschinen    auf   Grund    ihrer   Kenii- 

linien.*      R.  Muller.      (48)      June  28,   1919. 
Heizung  und   Beleuchtung  durch   Windkraftbetrieb.      Zisseler.      (7)      June   28,    1919. 
Berechnung    und    Betriebsverhaltnisse    der    Oberflachenkondensatoren    unter    Bertick- 

sichtigung    der    in    den    Kondensator    eindringenden    Luft.*      K.    Hoefer.      (48) 

Serial  beginning  July  5,  1919. 
Die   Kartoffeltrocknung   in    Deutschland.*      H.    Jordan.      (7)      Serial    beginning   July 

12,  1919. 
Ueber  Zahigkeit  und  Zahigkeitsmessung.*      Franz  Lawaczeck.      (48)      July  19,  1919. 
Die  Gewinnung  von  Holzgas  cinst  und  jetzt.      A.   Sander.      (48)      July  26,   1919. 
Die    Stromung    eines    Gases    in    Diisen    und    Gleichdruckschaufeln    mit    Ueberschall- 

Geschwindigkeit.*      A.   Wewerka.      (48)      Serial    beginning   July    26,    1919. 
Allgemeine  Angaben   iiber   Waschereianlagen.      (7)      Aug.    2,    1919. 
Die  deutschen  Aluminiuniwerke  und  die  staatliche  Elektrizitatsversorgung.      Richard 

Troger.      (48)      Aug.  2,  1919. 
Kondensatoranfressungen.*      Milchalke.      (48)      Aug.  2,   1919. 
Das  Heizungs-  und  Maschinenbauwesen  im  Stadtbau.      Ludwig  Dietz.      (7)      Aug.  9. 

1919. 
Selbstkosten  von  Voll-  und  Hohlziegeln.*      (80)      Sept.  11.   1919. 
Schleudermaschine  fiir  Zementrohren.*      (80)      Oct.  2,  1919. 

Metallurgical. 

Heat    Treatment    of    155-mra.    High    Explosive    Shell.*      William    J.    Merten.      (105) 

Nov.  26-Dec.  3,  1919. 
Melting    of    Some    Non-Ferrous    Metals    and    Their    Alloys    in    Electric    Furnace.* 

E.   F.  Collins.      (105)      Nov.  26-Dec.  3,   1919. 
Stretched  Wire  Apparatus  for  Measuring  Thermal   Expansions.*     Arthur  W.   Gray. 

(105)      Nov.  26-Dec.   3,   1919. 
Investigation  of   Strains   in   Rolling  of  Metal.*      Alfred  Musso.      (55)      Dec.   1919. 
Data  On   Nickel  Chrome  Forging  Failures.*      J.  H.  Andrew  and  G.  W.  Green.      (62) 

Serial  beginning  Dec,   1919. 
Measuring    Temperature    of    Molten    Steel.*      F.    W.    Brooke.      I  Paper    read    before 

Am.    Foundrymen's   Assoc.)       (116)      Dec.    1919. 
Notes  on  the  Acid  Electric  Furnace  Process.     L.  B.  Lindemuth.      (Paper  read  before 

Am.    Foundrymen's    Assoc.      (116)      Dec.    1919. 
X-Ray   Applied    to    Examination    of    Metals.*     W.    E.    Reeder.      (Paper    read   before 

Am.  Iron  and  Steel  Inst.)       (62)      Dec.  1919;   (116)   Dec.  1919. 
Aircraft   Steels.      (22)      Dec.    5,    1919. 
Consumption  of  Fuel  and  Raw  Materials  in  the  Manufacture  of  Pig-iron  and  Steel. 

(22)      Dec.  5,  1919. 
New  Rolling-Mill  Plant  at  the  Works  of  Messrs.  Steel,  Peech  and  Tozer.  Ltd.*      (22) 

Dec.  12,  1919. 
On  Future  Developments  in  Puddled  Iron.*     J.  E.  Fletcher.      (Paper  read  before  the 

Staffordshire  Iron  and  Steel   Inst.)       (11)      Serial  beginning  Dec.  12,   1919. 
Potash  from  British  Blast  Furnaces.      T.  C.  Rossiter  and  Cyril  S.  Dingley.    (22)    Dec. 

12,   1919. 
Cottrell    Electrical    Precipitation    Process    in    Japan.*      Ritaro    Hirota    and    Kyoshi 

Shiga.      (16)      Dec.   13,   1919. 
Precipitate   Smelting  at  Tonopah.*      George  J.   Young.      (16)      Dec.   13,   1919. 
Radiant  Resistor  Furnace.*      F.   A.  J.   Fitzgerald.      (Paper  read  before  the  Electro- 
chemical   Soc.)       (105)      Dec.    17,    1919. 
Cleaning  of  Blast-Furnace  Gases.*      (22)      Dec.  19,  1919. 

Carbon-Electrode  Arc  Welding  and  Cutting.*      0.  H.  Eschholz.      (27)      Dec.  27,  1919. 
Temperature  and  Time  Very  Important  Factors  in   Sherardizing — Reasons  Why  Gas 

Furnaces    Have    Many    Advantages    Over    Other    Methods    of    Heating    in    This 

Process.*      Charles  A.   Drum.      (24)      Dec.    27.   1919. 
Electric  Brass  Furnace  Reduces  Foundry  Costs.*      (27)      Dec.  20,  1919. 
Electrically    Driven    Reversing    Rolling    Mills  :    Essential    Equipment    and    Its    Func- 
tions, Power  Problem  of  the  Plant  as  a  Whole,  Electric  vs.  Steam  Drive.*      (20) 

Dec    25    1919. 
Pulverized  Coal   in   Open-Hearth   Practice  ;   a  Review  of  the  Experience  of  Eighteen 

American   Steel  Plants,  Feeder  and  Burner  Mechanism,  Proper  Furnace  Design. 

W.    H.    Fitch.      (20)      Dec.    25.    1919. 
Flotation   at   Richer,   Okla.*      Val   Loth.      (16)      Dec.    27.   1919. 
Effect    of    Surface    Tension    on    Crystalline    Form.*      Cecil    H.    Desch.      (105)      Dec. 

31     1919 
Experience  with   a   91:9   Copper-Aluminum   Alloy.*      A.    I.    Krynitzky.      (105)      Dec. 

31    1919 
Friction   and   Spreading  Forces   in    Rolling   Mills.*      W.   B.    Skinkle.      (55)      Jan. 
American   Engineers  Design  New  Blast  Furnace  Plant  for  Far  East.*   ^(116)      Jan. 
Blast    Furnace    Plants    Install    Electrical    Precipitation    for    Cleaning    Gas.*      N.    H. 

Oellert.      (116)      Jan. 
Braeburn   Steel  Co.   Increases  Capacity  for  Making  and  Rolling  High  Grade  Steels.* 

A.   M.   Staehle.      (116)      Jan^ 

*  Illustrated. 
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Metallurgical — (  Continued) . 

Open  Hearth  Practice  with  Large  Units.*      N.  E.  MacCollum.      (116)      Jan. 

Blooming  and  Continuous   Mills  at   Sharon.*      (116)      Jan. 

Plate   Mill  Draft  and   Peak  Load   Relation.*      J.   T.   Eaton.      (116)      Jan. 

Colorizing  Process  to  Prevent  Oxidation.*      G.   F.   Burger.      (116)      Jan. 

Electric   Furnace    In.stallation   for   Heat  Treatment   of   Ball   Bearing  Races.*      (116) 

Jan. 
Theory  of   Arc  Welding.*      Ralph   G.   Hudson.      (From  Journal,  Am.   Welding   See.) 

(2)      Jan. 
Wulfenite  :    Its    Concentration    and    Separation    from    Barite.*      J.    P.    Bonardi.      (3) 

Jan. 
Research     Bureau     Studies     Practical     Rolling     Mill     Technical     Problems.*      W.     B. 

Skinkle.      (116)      Jan.;  (20)  Jan.  8. 
Design    of    Open    Hearth    Furnaces ;    Lack    of    Rationale    in    Existing    Constructions, 

Studies     made     by     Groume-Grjimailo     and     Others.*      A.     D.     Williams.      (20) 

Serial    beginning    Jan.    1. 
New  Steel  Plant  Being  Built  in  India.*      (20)      Jan.  1. 
Proposed  Duplex  Process  for  Making  Steel ;  Apparatus  Calculated  to  Minimize  Losses 

of   Metallic  Iron   in   the  Slag  and  Ejected   as  Dust  and  Splashes,  Cost   Compari- 
sons.*     G.  L.   Fisk.      (20)      Jan.   1. 
Welding  Cast  Iron  with  the  Electric  Arc  ;   How  to  Overcome  Brittleness  and  Crack- 
ing.*     Otis  Allen  Kenyon.      (20)      Jan.  1. 
Fine-Grinding  in  Ball-Mills.      Henry  Hanson.      (103)      Jan.  3. 
A   Contribution   to  the   Study  of  Flotation.      H.   Livingstone   Sulman.      (103)      Serial 

beginning  Jan.  3. 
Filtration  and  Filters.      Henry  B.  Faber.      (105)      Jan.  7. 

Manufacture   of    Pure   Tungsten    Metal  ;    Operations   at   the    Fansteel    Products    Com- 
pany.*     Chester  H.  Jones.      (105)      Jan.  7. 
Melting    Point    Methods    at    High    Temperatures.      Leo    I.    Dana    and    Paul    D.    Foote. 

(105)      Serial    beginning    Jan.    7. 
Rapid   Method   for  the  Analysis  of   Monel    Metal.      Philip   Covitz.      (105)      Jan.    7. 
Failure  of  Blast  Furnace  Stock  Line  Brick.      L.  P.  Ross.      (20)      Jan.  8. 
Main   Hoists   for   Open    Hearth    Ladle   Cranes;    Series   vs.    Parallel    Ojieration.      (20) 

Jan.   8. 
Tlie  Como  Consolidated  Mill.*      F.   Borzynski.      (103)      Jan.  10. 
Galvanizing  Plant  Handles  Large  Work  :  ;   Kettle  of  lOO-Ton   Spelter  Capacity,   Gas 

and  Coke  Fired.*      A.  H.  Myers.      (20)      Jan.  15. 
Arc  Welding.*      F.  A.   Anderson.      (Ill)      Jan.   15. 
The    A-1    Electric    Spot   Welders.*      (22)      Jan.    16. 
Chloridizing  Processes.      Harai  R.  Layng.      (103)      Jan.  17. 

Mining  and  Smelting  near  Matehuala,  Mexico.*      R.  B.  Brinsmade.      (103)      Jan.   17. 
Production      of     Copper      from      Secondary     Material.      Lawrence     Addicks.       (105) 

Jan.  21. 
Reminiscences    of    Early    Years    at    the    Great    Falls    Smelter.      Charles    H.    Repath. 

(105)      Jan.  21. 
Experimental  Flotation  of  Low-Grade  Quicksilver  Ore.*      E.  G.   Stowell  and  Will   H. 

Coghill.      (103)      Jan.    24. 
Problems    in     Electric-Furnace     Smelting.      F.     Holmgren.      (105)      Jan.     28:     (27) 

Jan.  24. 
Distinguishing  Lead  in  Brass  and  Bronze.      O.  A.   Knight.      (20)      Jan.   29. 
New  Ferroalloy  for  Deoxidizing  Molten   Iron  :   Ferrocerium  has  a  low  Melting  Point 

and    Marked    Affinity    for    Oxygen.      (20)      Jan.    29. 
Design     of     Open     Hearth     Furnaces.*      A.     D.     Williams.      (20)      Serial     beginning 

Jan.   29. 
La  Siderurgie  frangaise  et  le  Marchg  russe.      (33)      Serial  beginning  Sept.  20,  1919. 
Nouveaux  Trains  de  Laminoirs  Blooming  systeme  Davy  Brothers.*      (33)      Sept.  20, 

1919. 
Laminoir   Morgan    pour    la    Production    des    Barres   Rondes    Servant    a,    I'Etirage    des 

Fils.*      (33)      Oct.  4,   1919. 
Comparaison    de    la    Situation    Economique    des    Acieres    au    Convertisseur    basique 

Etablies  sur  le  Combustible  ou  sur  le  Minerai.      (33)      Nov.  1,  1919. 
Observations    Concernant    les    Cassures    Defectueuses    des    Eprouvettes    de    Traction, 

lors   de   la   Reception    des    Elements   de   Canon.*      A.    Portevin.       (33)      Nov.    8, 

1919. 
Les  Bombardements  de  I'LTsine  des  Hants  Fourneaux  et  Fonderies  de  Pont-a-Mousson 

(Aoflt  1914-Novembre  1918).*      Auguste  Pawlowski.      (33)      Nov.  8,  1919. 
Le    Nickel,    sa    Metallurgie,    ses    Emplois.      Leon    Guillet.      (33)      Serial    beginning 

Nov.  15.  1919. 
Ueber   die   Aenderung  der   Metalle   durch    Kaltreckung   und    Legierung.      P.    Ludwik. 

(48)      Feb.  15,  1919. 
Ueber     Blei-Natrium-Quecksilber-und-Blej-Natrium-Zinn-Legierungen.*      J.     Goebel. 
(48)      May  10,  1919. 

IVlilitary. 

Roads  In  Supply  and  Attack.      W.  G.  Caples.      (100)      Nov.   1919. 
Proposed  New  Engineer  School  and  Post  and  College  of  Military  Research  at  Camp 
Humphreys,  Va.     W.  H.   Lanagan.      (100)      Nov.   1919. 

*  Illustrated. 
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Military — (Continued). 

Furnishing  Timber  for  Military  Operations.      W.  B.  Greeley.      (100)      Nov.  1919. 
Heat    Treatment    of    155-mni.    High    Explosive    Shell.*      William    J.    Merten.      (105) 

Nov.   26,    1919. 
Water  Supply  for  a  Field  Army.*      Arthur  H.  Pratt.      (100)      Nov.   1919. 
Mining   Methods   and    Tunnelling   at   the   Front.*      Jas.    A.    Knight.      (96)      Dee.    25, 

1919. 
Tlie  Death  of  a  Big  Gun;   a  Study   in  Erosion.*      Arthur  Benington.      (19)      Jan. 
rransporteur  Funiculaire  de  Retournemer.      Construit  en  1915  pour  le  Ravitaillement 

des  Troupes  en  Alsace.*      F.  Mertz.      (.33)      Nov.   1,   1919. 
La    Traction    sur    Fortes    Rampes    par    Adherence    Supplementaire  ;     Utilisation    du 

Systeme    Hanscotte    pour    la    Remorque    de    Trains    d'Artillerie.*      Ch.    Dantin. 

(33)      Nov.  22,   1919. 
Die  Sprengwirkung  der  Hohlgeschosse.*      H.  Lorenz.      (48)      Serial  beginning  April 

26,  1919. 

Zur    Frage    de    Trinkwasserversorgung    an    der    Front.*      Emil    von    Skramlik.      (7) 
May  17,   1919. 

Mining. 

Ore  Contracts.      C.  A.  Grabill.      (16)      Serial   beginning  Nov.   22,   1919. 

Effective  Use  of  the  Cement  Gun.*      Donald  J.  Baker.      (45)      Nov.  27-Dec.  4,  1919. 

Engineering  Features  of  Modern  Large  Coal  Mines  in   Illinois  and   Indiana.*      C.  A. 

Herbert  and  C.  M.  Young.      (45)      Serial  beginning  Nov.  27-Dec.  4,  1919. 
Chemistry  and  Coal  ;  the  Chemist  and  the  Coal-Mining  Industry.      S.  Roy  Illingworth. 

(22)      Dec.  5,  1919. 
Colliery  Assessments.      (22)      Dec.  5,   1919. 
Panel  System  of   Stoping  at  the  Herman   Mine.*      S.   H.  Brockunier.      (16)      Dec.   6, 

1919. 
Observations    on    the    Use    of    Self -Contained    Breathing    Apparatus.      G.    L.    Brown. 

(22)      Dec.   12.   1919. 
Mapping  of  Oil  Wells.*      S.   S.  Langley.      (16)      Dec.   13,   1919. 
Washing  Coking  Coal   at   Bowden  Close  Colliery.*      (22)      Dec.   19,   1919. 
The  Applications  of  Ferro-Concrete  in   Mines.*      T.  J.  Gueritte.      (Abstract  of  paper 

read  before  Midland  Inst,  of  Mining,  Civil,  and  Mechanical  Bngrs.)      (57)      Dec. 

24,1919;      (22)      Dec.  26,  1919. 
Eliminating   Mine   Pumps.*      L.   A.   Riggs.      (45)      Dec.   25,   1919. 
Private  Traders'  Railway  Wagons    (for  coal   mines).      (22)      Dec.   26,   1919. 
The  Working  of  Coal-Cutters.*      W.   Carson.      (22)      Dec.   26,   1919. 
A   Calculator   for   Mine   Valuation.*      Ross   B.    Hoffman.      (103)      Dec.    27,    1919. 
Notes  on  the  Final   Report  of  the   South  African   Miners'   Phthisis-Prevention   Com- 
mittee.     E.   M.   Weston.      (16)      Dec.   27,   1919. 
Supplying  Electricity  to  Coal  Mines.*      (27)      Dec.   27,   1919. 
The  Kelly  Silver  Mine,  at  Randsburg,  California.*     Jay  A.  Carpenter.      (16)      Dee. 

27,  1919. 

Hydraulicking   Earth.*      C.    A.    John    Hendry.      (Abstract    of    paper    read    before   the 

Geological  and  Min.  Soc.  of  India.)       (86)      Dec.  31,  1919. 
Applying  Motors  to  Oil-Well  Pumping.*      W.  G.  Taylor.      (27)      Jan.  3. 
Problems    Connected    with    Housing    in    Mining    Districts.      A.    S.    V.    Taylor.      (114) 

Jan.  3. 
Standardized   Crosscut  Rounds.*      Howard   Drullard.      (16)      Jan.   3. 
Possibilities  of  the  Geophone  in  Locating  Mine  Fire  Areas.*      L.  D.  Tracy  and  Allan 

Leighton.      (U.  S.  Bureau  of  Mines.)       (45)      Jan.  8. 
Ignition  Tests  of  Explosives.*      W.  J.   Montgomery.      (45)      Jan.  8. 
Divide  Silver-Gold  District  of  Nevada.*      George  J.  Young.      (16)      Jan.   10. 
East  Tintic   District,   Utah.*      L.   H.   Goodwin.      (16)      Jan.   10. 
Imprisoned   Underground.*      George  Huston.      (103)      Jan.    10. 
Mining  Conditions  in   Russia.*      R.   S.  Botsford.      (16)      Jan.   10. 
Miners'  Mystagmus.   .  Lester  Llewelyn.      (Paper  read  before  the  North  Staffordshire 

Inst.  Min.  Engrs.)       (22)      Jan  16. 
Mining    and    Smelting    near    Matehuala,    Mexico.*      R.    B.    Brinsmade.      (103)      Jan. 

17. 
Les  Causes  d'Accidents  sur  les  Plans  Inclines  des  Mines.*      (33)      Oct.  25,   1919. 
Ueber  Bodensenkungen  durch  Berg-und  Tunnelbau   mit  besonderer  Berucksichtigung 

der    Vorkommnisse     und     Versuche     in     Frankreich.*      Vincenz     Pollack.      (53) 

Serial  beginning  July  4,  1919. 
Das  Sprengluftverfahren.*      Lisse.      (48)      Aug.  9,  1919. 

Miscellaneous. 

Appraisal  and  Valuation  Methods.*      David  H.   Ray.      (55)      Dec,   1919. 
College  Training   for   Executives.      Joseph   W.    Roe.      (9)      Dec,    1919. 
Determination   of   the  Optimum   Number  of   Machines   a  Workman   Should   Operate.* 

Arthur  S.  Otis.      (9)      Dec,   1919. 
Fatigue   and    Industrial    Efficiency ;    Relations   between   the   Length   of   Working   Day 

Fatigue  and  the  EfBciency  of  Operation  in  Power  Houses.*      Walter  N.  Polakov. 

(9)      Dec,  1919. 

*  Illustrated. 
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Miscellaneous — (Continued). 

Installing  Management  Methods  in  the  Woodworking  Industries    (Chart).*      Carl   M. 

Bigelow.      (9)      Dec,  1919. 
The  Effect  of  Indirect  Charges  of  Cost.*      J.  Fearn.      (From  paper  read  before  Drop 

Forgers'  Assoc,  of  England.)       (62)      Dec,  1919. 
The  Forest  Products  Laboratory.*      Chester  H.  Jones.      (105)      Dec.   24,    1919. 
Industrial    Fatigue,    Theory    and    Practice.*      E.    A.    Pells.      (From   Engineering    and 

Industrial  Management.)       (86)      Dee.   31,   1919. 
Budget  as   Basis   for   Calculating  Predetermined   Rates.      E.   O.   Sommer.      (9)      Jan. 
Cost   Accounting    iu    the    "New    Industrial    Day."      G.    Charter   Harrison.      (9)      Jan. 
General    Applications    of    Selenium  ;    its   Utilization    in    Biological    Chemistry    and    in 

the  Glass  and  Rubber   Industries.      Louis  Ancell.      (19)      Serial   beginning  Jan. 
Factors  ot  Climatic  Control.      W.  J.   Humphreys      (3)      Jan. 
Plan  for  National   Industrial  Arbitration.*      (Chart.)      (9)      Jan. 
Prevention    of    Fatigue    in    Industry.      Reynold    A.    Spaeth.      (9)      Serial    beginning 

Jan. 
Visualizing  Facts  for  Control.*      L.  U.   Estes.      (9)      Serial  beginning  Jan. 
Dust   Explosions.*      Ralph  B.   Chandler.      (96)      Jan.   1. 
The    Production    of    Hydrogen    and    Oxygen    by    Electrolysis.*      T.    A.    Ross.      (26) 

Jan.  2. 
The  Actuarial   Problem.      John   Jirgal.      (4)      Jan.   5. 
Three  New  Sources  of  Fuel  Alcohol.      (120)      Jan.   8. 
Classification    and   Compensation    of   Engineers   as   Proposed   by   Engineering   Council 

Committee.*      (86)      Jan.  14  ;      (13)      Jan.  15. 
Electrical  Energy   iu   Fixation  of   Nitrogen.*      Eric  A.   Lof.      (27)      Jan.   17. 
Automatic  Induction  and  Deduction.      Halbert  P.  Gillette.      (86)      Jan.  28. 
Die  Landwirtschaft  im  neueu  Deutschland.      W.  Biisselberg.      (48)      Serial  beginning 

Mar.  15,  1919. 
Wieweit   ist    Deutschland    nach   dem   Weltkriege  vom    Bezug   auslandischer    Mineral- 

Rohstoffe  abhiinge.      F.  Beysehlag.      (48)      Mar.  29,  1919. 
Zur    Normalisierungsf  rage.      Richard     Baumann.      (48)      Serial    beginning    June    7, 

1919. 
Kalkofengase    zur    Kohlensiiurediingung.*      Friedr.    Riedel.      (80)      Serial    beginning 

June  17,  1919. 
Die   Bedeutung  der   bedrohten   Gebiete   fiir   die   deutsche   Industrie.*      Tiessen.      (48) 

July  5,  1919. 

Municipal. 

Public  Control  over  New  Streets  in  Relation  to  Extension  of  Water  Mains.      Bertram 

Brewer.      (28)      Dec,  1919. 
Army  Huts  as  Dwellings.*      E.  Young  Harrison.      (114)      Dec.  6,  1919. 
Munition    Huts    and    Homes ;    Temporary    Housing    Scheme.*      R.    Hami)ton    Lucas. 

(114)       Dec  6,   1919. 
Notes    on    the    Preparation    of    a    Housing    Scheme.      Leonard    Leeper.      (114)      Dec 

20,  1919. 
New    City    Zoning    Ordinance    of    Almeda,     California.      Charles    E.     Hewes.      (13) 

Jan.  1. 
Problems    Connected    with    Housing    in    Mining   Districts.      A.    S.    V.    Taylor.      (114) 

Jan.  3. 
Les  Habitations  Hygieniques  et  a  Bon  Marche.      Paul  Razous.      {ii)      Oct.   18,  1919. 

Railroads. 

A.  C.  Track-Circuiting  Lay-Outs.*      A.   E.  Tattersall.      (21)      Oct.,   1919. 
Front-End     Arrangement     Standard     Boilers.      Gt.     Western     Railway.*      (21)      Oct. 

1919. 
Inspection   and   Construction    of   Modern    Carriage    and    Wagon    Stock.      (21)      Serial 

beginning  Oct.,  1919. 
A.  C.  Signal  Mechanism.*      A.  E.  Tattersall.      (21)      Dec,   1919. 
Car  Wheels  and  their  Defects:  a  History  of  the  Chilled  Iron  Wheel.      W.  F.  Tidswell 

(Abstract   of  paper   read  before  the  Car  Foremen's  Assoc)       (25)      Dec,   1919. 
Changing  Prairie  Type  to  Mikado.*      (25)      Dec,   1919. 
I.  C.  C.  Locomotive  Inspection  Report.*      (25)      Dec.  1919. 
Refrigerator  Cars  for  the  C.  P.  R.*      (25)      Dec,   1919. 
Hospitals  for   Disabled   Locomotives;    Machinery   of   Railroad    Repair   Shops.*      (19) 

Dec.   13,   1919. 
Relationship  between  Transverse  Rail  Fissures,  Flakes  and  Defects  in  Fusion  Welds.* 

S.  W.  Miller.      (105)      Dec.   17,  1919. 
Approved  Standard  Design  for  Caboose  Cars.*      (15)      Dec.  19,  1919. 
Deflection   of   Staybolts.*      George  L.   Fowler.      (18)      Dec.   27,   1919. 
Need  of  Steam  Railway  Electrification.      Norman  W.   Storer.      (18)      Dec  27,   1919. 
New  Locomotives  for  the  Santa  Fe  Railroad.*      (18)      Dec.   27,   1919. 
Electric  Locomotives  for  Industrial  Purposes.*      Kenneth  Andrew  and  Walter  Fixter. 

(Paper  read  before  the  Iron   and  Steel  Electrical  Engrs.)        (2)      Jan. 
Increased  Leverage  in  Track  Jacks.*      Walter  B.  Templeton.      (87)      Jan. 


Illustrated. 
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Railroads — (Continued). 

Labour   Saving  Devices  for   Railway   Track  Work.*      (21)      Jan. 

Machine   Shiop  at   Horwicfi   Locomotive  Works,   Lancashire  and   Yorkshire   Railway.* 

(21)      Jan. 
Melbourne    Railway    Electrification  ;    an    Illustrated    Description    of    the    Important 

Scheme   of    Electrification    Adopted    to    Solve    the    Suburban    Traffic    Problem    in 

Melbourne,  Victorian  Government  Railways.*      (21)      Jan.      (11)      Serial  begin- 
ning Jan.  2  ;     (26)     Serial  beginning  Jan.  9. 
New   4-8-2   and   4-6-2   Type    Locomotives,    South   African    Railways.*      (21)      Jan. 
Notes  on  Railway  Construction  in  Uganda  ;  an  Illustrated  Description  of  the  Building 

of    the    Uganda    Railway,    and    the    means    by    which     Serious    Constructional 

Difficulties  were   Overcome.*      (21)      Jan. 
Comparative  Tests  of   Refrigerator  Cars.*      (25)      Jan. 

Inspection  of  Freight  Equipment.*      L.   K.   Sillcox.      (25)      Serial  beginning  Jan. 
A  (jearless  Electric  Locomotive  ;   Details  of  the  3  000-Volt  D.-C.   Locomotive  of  the 

Chicago,   Milwaukee  and   St.   Paul   Railway.*      (19)      Jan. 
Solving    the    Problems    of    the    Railway    Motor    Car.*      Donald    A.    Hampson.      (20) 

Jan.  1. 
Holding  Power  of  Track   Spikes.*      (13)      Jan.   1. 
Electricity     a     Help     in     Intensive     Development  ;     Electrical     Machinery     will     Aid 

Materially  in   Increasing  Efficiency  and  Capacity  of  Railroads.*      (15)      Jan.   2. 
Need    of    Extensive    Development    of    the    Railways.*      F.    J.    Lisman.      (15)      Serial 

beginning  Jan.  2. 
Railways    Far   Behind    in    Construction    of    New    Lines ;    Comparisons   with    Previous 

Years    and    Survey    of    Undeveloped    Areas    Indicate    Shortage    of    6  000    Miles.* 

(15)      Jan.  2. 
New     Passenger     Locomotives     for     St.     Paul's     Rocky     Mountain     Division.*      (17) 

Jan.  3. 
Locomotive   Operation.      I.   J.   Hartnett.      (18)      Jan.   3. 
Stark  Engine  Terminal,   Pennsylvania  Lines  West.*      (18)      Jan.   3. 
Gravity  Freight  Yard  for  Michigan  Central  Railroad.*      (13)      Jan.   8. 
Direct    Current    Transmission    for    Electrification  ;    Proposed    System    would    deliver 

3  000  Volt  D.  C.  Power  from  Conductor  Rails  to  Multiple  Unit  Trains.*      Alfred 

Raworth.      (15)      Jan.  9. 
Mikado  Type  Locomotive  for  Freight  Service  ;   Canadian  Pacific  Builds  New  Equip- 
ment ;  Total  Weight,  320  500  Lb.  ;  Tractive  Effort,  56  000  Lb.*      W.  A.  Newman. 

(15)      Jan.  9. 
New    Union    Railroad    Facilities    at    Jacksonville ;     Passenger    Operating    Efficiency 

Increased    Eighty    Per    Cent.;    Freight    Interchange    Capacity    Doubled.*      (15) 

Jan.  9. 
Electric  Drop  Tables,  Phila.  &  Reading  R.  R.*      (18)      Jan.  10. 
Locomotive  Operation   and   Fuel   Economy.*      Robert  Collett.      (18)      Jan.   10. 
Structural  Merits  of  the  Thermic  Syphon.*      (18)      Jan.  10. 
Cracks   in    Rail    Steel   Correlated   with    Fissure   Defects.      (13)      Jan.    15. 
Railway   Wheels   and   Axles.      T.   H.   Sanders.      (Paper   read   before  the  Junior    Inst. 

of  Engrs.)       (11)      Jan.  16. 
Automatic  Train  Control  Committee  Makes  Report.      (15)      Jan.   16. 
Cuba's   Main    Line   Railways   are   Well   Developed.*      John   P.   Risque.      (15)      Serial 

beginning  Jan.  16. 
Electric   Passenger    Locomotives   for   the   St.    Paul  ;    Ten    Quill-Geared   Units   will   be 

Used  to  Haul   Passenger  Trains  between  Harlowton,   Mont.,   and  Avery,   Idaho.* 

(15)      Jan.  16. 
Purchasing  Track  Spikes  Under  Specifications.*      Howard  H.  George.      (17)      Jan.  1.7. 
Electrification     Solves     the     Congested     Traffic     Problem     in     Philadelphia.*      (18) 

Jan.  17. 
Jackson  Electric  Tie  Tamper.*      (18)      Jan.   17. 
Oil     Storage    Facilities,     Stark    Engine    Terminal,     P.     R.     R.     Lines    West.*      (18) 

Jan.  17. 
Question  of  Earthwork  Shrinkage  in  Valuation.      (18)      Jan.   17. 
Storage  of  Locomotive  Fuel  Oil.      A.  M.  Schoen.      (18)      Jan.   17. 
Cost  Analysis  of  Replacing  Three  Crossing  Diamonds.      (86)      Jan.  21. 
Railway  System  of  South  America  Needs  New  Links  :  Desirable  Connections  Include 

a  Trunk  Line  for  Colombia,  a  Bolivia-Brazil  Line  and  a  Brazilan  Coast  Line.* 

F.  B.  Morris.      (13)      Jan.  22. 
Michigan  Central  Builds  Large  Classification  Yard.*      (15)      Jan.   23. 
Preparation    of    Locomotives    at    Terminals    and    Shops.      Leslie    R.    Pyle.      (Abstract 

of  paper  read  before  the  Western  Ry.  Club.)       (15)      Jan.  23. 
Terminal  Power  Plant.      W.  J.  Harding.      (18)      Jan.  24. 
Use  of  Accounting  Machines  in   Freight  Accounts.*      (18)      Jan.  24. 
Improvements  in   General   Service  Cars.*      (18)      Jan.   24. 

Important  Indian  Locomotive  Development.*      F.  C.  Coleman.      (18)      Jan.  24. 
Union    Pacific    Shops   at   Cheyenne,   Wyo.*      E.    A.    Hancock.      (18)      Jan.    24. 
Economy  of  Lower  Grades  for  Heavy  Railway  Traffic*      (13)      Jan.   29. 
New  York  Central  Relocates  Line  in  Tonawanda,   N.   Y.*      (IS)      Jan.  30. 
Heavy  Ten-Wheel  Locomotives  for  Switching  Service  ;  Switching  Locomotives  having 

63  000  lb.  Tractive  Effort  Built  for  the  Chesapeake  &  Ohio.*      (15)      Jan.  30; 

(25)      Jaji. 

*  Illustrated. 
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Railroads — (Continued). 

Les    Conditious    Techniques    d'Etablissement    d'un    Chemin    de    Fer    Transsaharien.* 

(33)      Sept.  27,  1919. 
Sur    Une    Cause   de    Rupture    des    Rails   et    un    Moyen    de    la    Supprimer.*      Georges 

Charpy  and  Jean  Durand.      (33)      Oct.  18,  1919. 
Les  Crise  des  Transports  sur  les  Chemlns  de   Fer  frangais.      (33)      Nov.    15,   1919. 
La    Traction    sur    Fortes    Rampes    par    Adherence    Supplementaire ;    Utilisation    du 

Systeme    Hanscotte    pour    la    Remorque    de    Trains    d'Artillerie.*      Ch.    Dantin. 

(33)      Nov.  22,  1919. 
Die  mechanische  Besandungs-  und  Ascheabfuhranlage  in  Heizhause  Worgl  der  d.-o. 

Staatsbahnen.*      (53)      April  25,  1919. 
Die    Steuerungen    der    Dreizylinderlokomotiven.      F.    Meineke.      (48)      May    3,    1919. 
Die  Kohlennot  und  die  Elektrisierung  der  Bahneu  ;   eine  Klarstellung  zum  gleichna- 

niigen  Aufsatze  in  H.  i,  S.  6.      Hans  Steffan.      (53)      May  23,  1919. 
Mitteilungen    aus    dem    Priiflaboratorium    fiir    Berufseignung    bei    den    Sachsischen 

Staatseisenbahuen.*      A.   Schreiber.      (48)      July   12,    1919. 
Einige  Fragen  der  elektrischen  VoUbahntraktion  besprochen  an  Hand  der  elektrisehen 

Zugforderung  in   der   Schweiz.     Paul   Dittes.      (53)      Serial   beginning  July   18, 

1919. 
Rampenanlage  im  Kriege.*      Blum.      (48)      July  26,  1919. 

Railroads,   Street. 

Underground  Lines  in  Marseilles.*       (118)      Dec,   1919. 

Economic  Future  of  Transportation   Utilities.      (4)      Jan.   5. 

Electric   Railway   Policy.      George   Weston.      (4)      Jan.   5. 

.Maintenance   of   Way    for   Street    Railways.*      W.    R.    Dunham.      (Paper    read   before 

New  England  Street  Railway  Club.)       (17)      Jan.  10. 
What   Makes   the   Rails   Wear  Out?*      R.   C.   Cram.      (17)      Jan.   17. 
Handling    Coney     Island's     Crowds;     Extensive    New     Terminal     Facilities    for    all 

Elevated  and  Subway  Lines.*      (17)      Jan.  24. 
Three-Car   Trains   Satisfactory   in   Boston.*      Edward   Dana.      (17)      Jan.   24. 
Giiterbefdrderung   auf   Strassenbahnen.*      Winkler.      (48)      June   28,    1919. 
Der    Fahrgastverkehr    Gross-Berlins    vor    und    wahrend    des    Krieges.*      F.     Musil. 

(53)      Serial  beginning  Aug.  22,  1919. 

Roads  and  Pavements. 

Roads  in   Supply  and  Attack.      W.  G.   Caples.      (100)      Nov.,   1919. 

Characteristics    of     Kentucky     Rock    Asphalt     Pavements.*      Rodman     Wiley.      (60) 

Dec,   1919. 
Does    it    Pay    to    Determine    Void    Percentages    in    Coarse    Aggregate    for    Concrete 

Pavement?     William   C.   Crandall.      (60)      Dec,   1919. 
Foundations    for   Warrenite    Bitulithic    Pavements    and    Roads.*      George   C.    Wairen 

(60)       Dec,   1919. 
.Machines  Take  the  Place  of  Men  on  20-Mile  Concrete  Road.*      (67)      Dec,   1919. 
Mineral    Aggregates    for    Bituminous    Pavements.      Wallace    L.    Caldwell.      (Abstract 

of  paper  read  before  the  Amer.  Soc  for  Mun.  Impvts.)       (60)      Dec,  1919. 
Proper    Grade    of    Creosote    Oil    for    Wood    Paving    Blocks.      K.    M.    Waddell.      (60) 

Dec,   1919. 
Keconstruction   of  Narrow  Roadways  for  Motor  Truck  Traffic      (60)      Dec,   1919. 
Future   Traffic    Developments.      W.    Rees   Jeffreys.      (Abstract    of    paper    read   before 

County  Councils  Assoc.  Cong.)       (11)      Dec  12,  1919. 
Effect    of    Road    Condition    on    Motor    Truck    Operation.      W.    D.    Williamson.      (86) 

Dec.  31    1919. 
P.olative     Advantages     of     Single     and     Double-Coat     Bituminous     Road     Surfacing. 

Francis  Wood.      (Abstract  of  paper  read  at  the  Road  and  Transport  Congress.) 

(86)      Dec  31,   1919. 
Charted    Summary   of    State   Concrete    Road    Specifications.*      A.    N.    Johnson.      (67) 

Jan. 
Concrete  Road  Contract  has  Plant  for  Rapid   Progress.*      (13)      Jan.   1. 
Developments   in   1919    in   the   Use   of   Machinery   for   Highway   Construction.      C.    S. 

Hill.      (13)      Jan.  1. 
Light  Bituminous  Treatment  for  Macadam  Roads.*      Chester  A.   Hogentogler.      (13) 

Jan.  1. 
.Mineral  Aggregates  for  Bituminous  Pavements.      Wallace  L.  Caldwell.      (Paper  read 

before  Am.  Soc.  for  Municipal  Improvements.)       (96)      Serial  beginning  Jan.  1. 
Sheet   Asphalt,    Ideas   on    Suitability   of   Varying   Bases-Costs.      F.    S.    Besson.      (13) 

Jan.  8. 
Bituminous    Binder    for    Road    Surfaces  ;    Specifications    of    the    Standard    Oil    Co.* 

(83)      Jan.   10. 
Tar  Preparations  in  Road  Construction.      (83)      Jan.  10. 

Why  is  there  no  Profit  in  Building  Highways?     R.  G.  Collins,  Jr.      (13)      Jan.   15. 
Rotary  Snowplows  Clear  Streets  in  Canadian  Cities.*      (13)      Jan.  29. 
Raccordements  Progressifs  dans  les  Routes  et  les  Voies  Ferrees  et   Relevements  des 

Virages.*      Ch.    Galatoire-Malegarie.      (33)      Nov.    22,    1919. 
Zementplatten   fur   Fusswege.      (80)      July   10,   1919. 

*  Illustrated. 
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Sanitation. 

Design   and   Construction   of    Worlts   in    Little   River   Drainage   District.*     Albert   S. 

Fry.      (60)      Dec,  1919. 
Pollution  of  Deep  Wells  at  Lansing,  Michigan.     Edward  D.  Rich.      (60)      Dec.  1919. 
Supervision    of    Public    Water    Supplies    by    the    New    York    State    Department    of 

Health."      Theodore    Horton.      (28)      Dec.    1919. 
Swimming  Pool  Management.      William  P.  Mason.      (28)      Dec.  1919. 
Observations    on    the    Use    of    Self-Contained    Breathing    Apparatus.     G.    L.    Brown. 

(22)      Dec   12,   1919. 
Milwaukee  Sewage-Testing  Station;   Experimental  Data.*      (13)      Dec.   25,  1919. 
Notes  on  the  Final  Report  of   the   South  African  Miners'  Phthisis-Prevention   Com- 
mittee.     E.   M.   Weston.      (16)      Dec.   27,   1919. 
Danger  of  Automobile  Exhaust  Gas ;   Need  of   Investigating  Conditions  in  Vehicular 

Tunnels.      Van   H.   Manning.      (19)      Jan. 
Automatic  Regulation  of  Humidity  in  Factories;   Conditioning  Apparatus  Developed 

at  the  U.  S.  Forest  Products  [laboratory  at  Madison,  Wis.*      (19)      Jan. 
New    Specifications    for    Public    Health    Officers.      Morris    Knowles    and    .Maurice    R. 

Scharff.      (13)      Jan.   1. 
Record  Forms  for  Activated-Sludge  Plants,  Houston,  Texas.*      (13)      Jan.   8. 
Water-supply    Typhoid    Outbreak    at    Lansing,    Michigan.*      J.    R.    Daugherty.      (13i 

Jan.  8. 
Some  Results  of  the  Brooklyn    (N.  Y.)    Sewage  Treatment  Experiments.     George  T. 

Hammond.      (Abstract  of   paper   read   before  Am.   Soc.   for  Municipal   Improve- 
ments.)     (86)      Jan.  14. 
Harrison,  New  Jersey,  Sewer  ;   Pneumatic  Method  Employed  in  Constructing  Sewers 

Proves    Economical.*      (117)      Jan.    15. 
Idle    Electrolytic    Sewage- Works    in    Oklahoma  ;    Only    One    of    Seven    Plants    Built. 

Now  in  Use.*      (13)      Jan.  15. 
Steel  Pipe  Floated  to  Place,  Sunk  and  Bolted  Under  Water,  to  Form  Outfall.*      (13) 

Jan.  15. 
Miners'   Nystagmus.      Lester  Llewelyn.      (Paper  read  before  the  North  Staffordshire 

Inst.  Min.  Engrs.)       (22)      Jan.  16. 
Operating    Results   of    Dyckman    Street    Sewage    Screening    Plant ;    Scanty    Data    on 

Riensch-Wurl    Screens   Added    to   by   Working   Tests   in    New   York   City ;    Other 

Results  Compared.     Charles  E.  Gregory.      (13)      Jan.  22. 
New  Toronto  Incinerator.*      E.  A.  James.      (96)      Jan.  29. 
Die  Zentrifugalventilatoren   und   Zentrifugalpumpen   und   ihre  Antriebmaschinen,   die 

Kleindampfturbine  und  der  Elektromotor,  im  Heizungsfache.*      V.  Hiittig.      (7) 

Serial  beginning  April  5,  1919.  *      ti     /-.v. 

Der    Ausbau    vorhandener    Dachgeschosse    und    Keller    zu    Notwohungen.*      H.    (..hr. 

Nussbaum.      (7)      Apr.  12,  1919.  , 

Die   Heizung  des   Kleinwohnungshauses   und   der   Heime.      H.   Chr.    Nussbaum.      (7) 

April  19,  1919.  ,      ,_^       ,      .,    ,^ 

Ersatzstoffe   fiir   gusseiserne   Abflussrohre   und   deren    Dichtungen.*      (7)      April    ly, 

1919. 
Stadtekan'alisation  im  Dienste  der  Landwirtschaft.      Kuckuck.      (7)      April  26,  1919. 
Zur  Liiftung  von  Abortraumen.*      Peschges.      (7)      April   26.  1919 
Neuere   MUllverbrennungsverfahren.*      A.  Reich.      (7)      May  3,   1919. 
Ofen  zur  Einascherung  von   Leichen.*      A.  Reich.      (7)      May  24.   1919. 
Die    Donau    als   Vorflut   der   Wiener    Entwas.serungsanlagen.*      Wilhelm    Voit.      {5^) 

Serial  beginning  May  30,  1919.  -    lom 

Bin   Bade-   und  Desinfektions-Eiscnbahmzug.*      Otto  Bohm.      (7)      June    t.   lai'- 
Versuche  an   Sachsenwerk-Zentrifugal-Luftern.*      Huttig.      (7)      June  14,   1919. 
Cohort    Naturland    zu    einem    Rieselfeld    und    in    welchem    Zusammenhang    steht    aer 
Rieselbetrieb  mit  dem  landwirt.schaftlichen   Betrieb  eines  Rieselfeldes.      H.  Gun- 

Arbeiter-'Umkleide-und-Aufenthaltsraume      in      sewerblichen      betrieben.*  Eduard 

Emele.      (7)      June   28.   1919.  „  .     .   ,   ,•■,, 

Einige  Einrichtungen  fur  Luftwechsel  und  fiir  Beseitigung  von  Materialafallen  in 
verschiedenen  Betrieben  in  hygienischer  und  wirtschaftlicher  Hinsicht.      Kropt. 

Einflus.s  der"gesun'dheitstechnischen  Einrichtungen  auf  den  hohen  Wasserverbrauch 
der   Stadte.      Otto   Spiegelberg.      (7)      June   28,   1919.  . 

Die  neue  Entolungs-  und  olriickgewinnungsanlage  fur  die  Rheinisch-Westral,  Kup- 
ferwerke  Akt.-Ges.   Olpe    ( Westfalen)  .*      Miinkner.      (7)      July  o.  1919. 


Die  Warmestrahlung  des  Heizkorpers       Wilhelm  Nusselt.      (7)      July  19    1919. 
Ueber  den  Warmeinhalt  der  feuchten   Luft.*      W.  Schule^        4H)      July  l.i,   19l9- 
Der   gegenwartige   Stand   der   Miillverbrennungsfrage.      Berlit.      (7)      .July^b,    191. 
Die  Entleerung  von   Zentralheizungen.     M.   Grellert.      (7)      July  26.   1919. 
Die  Seeheilstatte  fiir  Kinder  bei   Lochstadt.      A.   Reich.      (7)      Aug.   2,   1919. 


Structural. 

Better  Concrete.*      Nathan   C.  Johnson.      (19)      Serial  beginning  Off-   25,   1919. 
Use  the  Dead  and  Dying  Chestnut;*   Importance  of  Immediately  ^flvaging  Wood  of 

Trees  Killed  by  Fungus  Growth.*      Joseph   S.Illick.      (19)      Oct.  25    1919. 
Furnishing  Timber  for  Military  Operations.     W.  B.  Greeley.      (100)      Nov.,  1919. 

•  Illustrated. 
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Structural — (Continued). 

Concrete  Fuel-Oil  Tank  Design  and  Construction.      (67)      Dec.  1919. 

A  Complete  Wood  Preserving  Plant  Mounted  on  Cars.*      (t9)      Dec.  6,   1919. 

Pure  Gum   Shellac.      Chester  H.  Jones.      (105)      Dec.   10.   1919. 

Timber   Perforating   Patent    Released  ;    Improved    Method    of    Preparing    Douglas    Fir 

for  Treatment  Is  Dedicated  to  the  Public*      (IS)      Dec.   19,  1919. 
The    Texture    of    Sands;    Interrelation    of    Chemical    and    Mechanical    Constituents.* 

(19)      Dec.  20,  1919. 
Advantages    of    the    Slope    Deflection    Method    of   Analyzing    Statically-Indeterminate 

Structures.*      M.   Grodsky.      (86)      Dec.   24,   1919. 
Use    of    Rosin    in    Paint   and    Varnish.      Maximilian    Toch.      (Paper    read    before    the 

Amer.  Chem.  Soc)       (105)      Dec.  24,  1919. 
The  Protection  of  Concrete  Buildings  Against  Damp.*      (From  La  Revue  des  Mate- 

rtaux  de  Constructimi.)       (86)      Dec.   31,   1919. 
Design   of   Wooden   Roofed    Structures   in   Accordance   with   Actual   Loading.     H.    L. 

Lewis.      (86)      Dec  31,  1919. 
Phosphatic  Coatings  for  Rust  Proofing  Iron  and   Steel.*      L.   E.   Eckelmann.      (105) 

Dec  31,   1919. 
Concrete  Chuting  Plant  at  Clyde.*      (From   Concrete  and  Constructional  Enqineer- 

ing.)       (86)      Dec.   31,   1919. 
Death  of  a  Big  Gun;  a  Study  in  Erosion.*      Arthur  Bennington.      (19)      .Tan. 
Concrete    Fuel    Oil    Reservoirs.*      H.    B.    Andrews.      (From    Oil   News.)       (19)      Jan. 
Compact  Concrete  Homes  for  Industrial  Workers.*      (67)      Jan. 
Possibilities   for   Constructing   Concrete   Oil   Storage   Tanks   Are   Almost    Unlimited.* 

C.    W.    Van    Dyke.      (67)      Jan. 
Dust  Explosions.*      Ralph  B.  Chandler.      (96)      Jan.   1. 
Charts    for   Testing    Steel   Wire ;    Tensile    Strength    and    Reduction    in    Area    Quickly 

Determined.*      H.   M.   Brayton.      (20)      Jan.   1. 
Practical    Appplication    of    Surface    Area    Method    of    Proportioning    Materials    for 

Concrete.*      Roderick   B.    Young.      (96)      Jan.    1;      (13)     Jan.    1. 
Stress    Distribution    in    Engineering   Materials.*      J.    Perry   and    others.      (Report    of 

Comm.   of   Brit.   Assoc.)       (11)      Serial   beginning  Jan.   2. 
Copper-Aluminum-Iron  Bronze  as  an  Acid-Resisting  Alloy.     O.  L.  Kowalke.      (105) 

Jan.   7. 
Radial  Brick  Chimney  300  Ft.  High.*      J.  G.   Mingle.      (96)      Jan.   8. 
Measurement     of     Physical     Properties     of     Refractories     at     High     Temperatures.* 

A.  George  Tarrant.      (22)      Jan.  9. 
Inaccuracy  of  Treating  Records  Due  to  Moisture  in  Wood.      Ernest  Bateman.      (105) 

Jan.   14. 
Effect  of  Calcium  Sulphate  on  Cement.*     J.  C.  Witt.      (117)      Jan.  15. 
Rental  Values  for  Construction   Equipment.      F.   J.   Herlihy.      (13)      Jan.    15. 
Treating  Concrete  Surfaces.*      Albert  M.  Wolf.      (117)      Jan.   15. 
Long    Life    for    Creosoted    Piles    in    Railroad    Trestle ;    Thirty-five    Years    of    Service 

Affords  Conclusive  Demonstration  of  the  Value  of  Treatment.*  (15)  Jan.  Itj. 
Oil  Storage  Facilities,  Stark  Engine  Terminal,  P.  R.  R.  Lines  West.*  (18)  Jan.  17. 
Deep  Substructure  of  Assay  Office  Built  in  Quicksand  by  Caisson-Inclosure  Method.* 

T.   Kennard  Thomson.      (13)      Jan.   22. 
Foundation  Troubles  of  Portland  City  Grain  Elevator.*      (13)      Jan.   22. 
Use    of    Gas    in    Connection    with    Bronzing    Processes.      Gilbert    C.    Shadwell.      (24) 

Jan.  24. 
Action    of    Seawater    on    Steel    in    Concrete    Construction.      J.    L.    Harrison.      (From 

Concrete.)       (86)      Jan.  28. 
Factors  a  Contractor  Should  Consider  in  Estimating.      (86)      Jan.  28. 
Moments    in    Columns    and    Girders    of    Building    Frames    Due    to    Vertical    Loads.* 

W.    M.   Wilson   and   F.   E.   Richart.      (86)      Jan.    28. 
Foundation  Pile  Spacing  for  Eccentric  Loads.*      J.  W.  Pearl.      (86)      Jan.  28. 
Factor  of   Safety  in  Concrete  Floors.      (86)      Jan.   28. 

"Fineness   Modulus"    and    "Surface   Area"    Methods   of    Proportioning   Concrete    Mix- 
tures.    G.    M.    Williams.      (86)      Jan.    28. 
Aggregate  Storage  Plant  for  Winter  Work.*      (86)      Jan.  28. 
How  Can   Laboratory  Tests  of  Concrete  Materials  be  Made  of  Greater  Value  to  the 

Field  Engineer  and  Contractor?      G.  M.  Williams.      (96)      Jan.  29. 
Provisional   Working   Stresses   for   Steel   Columns.*      C.    R.    Young.      (96)      Jan.    29. 
Observations  sur  le  Corroyage  de  I'Acier.*      Ch.  Fremont.      (33)      Sept.   20,   1919. 
Les  Foundations  par  Abaissenient  de  la  Nappe  Aquifere.*      A.  Bijls.      (33)      Nov.  15. 

1919. 
Neuzeitlicher  deutscher  Getreidespeicherbau.      M.  Buhle.      (49)      Pt.  7,  1918. 
Stahlformguss    als    Baustoff.*      Richard    Krieger.      (48)      Serial    beginning    Jan.    11. 

1919. 
Werkspeisungen.*      W.  Franz.      (48)      Feb.  8.  1919. 
Ueber   die   Aenderung   der   Metalle   durch   Kaltreckung   und   Legierung.      P.    Ludwik. 

(48)      Feb.   15,   1919.  ^     „„       „   „ 

Der  Hohlblockbau.      Fritz  V.   Emperger.      (o3)      Feb.   28,   1919. 
Leitsatze    fiir   die   Ausfiihrung  von    Hohlmauern    aus   Betonsteinen.      (53)      Feb.    28, 

1919 
Priifung     schwedischer     Ziegel     und     Kalksandsteine.      R.     R.     von     Schlyter.      (80) 

Mar.  1,  1919. 

*  Illustrated. 
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Structural — (Continued). 

Die    Ursache    der    Zerstorung    zweier    Stahlflaschen.*     W.    Hempel.      (48)      Mar.    8. 

1919. 
Die  Anwendung  des  Taylorsystems  auf  die  Mauerarbeit.*      Carl  Sickel.      (80)      Apr. 

26,  1919. 
Ueber  einige  neuere  praktische  Verfahren  zur  Messung  des  Warmeleitvermogens  von 

Bau-   und    Isolierstoffen.*      E.   Heyn.      (48)      May   10.    1919. 
Trockner  und  feuchter  Sand.      B.  Krieger.      (80)      May  20,   1919. 
Wohnungsbauwesen.      (80)      Serial  beginning  May   29,   1919. 
Der   Taylorgedanke    und    die    Mauersteinbeforderung.      B.    Krieger.      (80)      July    17, 

1919. 
Trockner  und  nasser  Sand.      B.  Krieger.      (80)      July  22,  1919. 
Bestimmung  der  Bruclifestigkeit.*      R.  Griin.      (80)      Aug.   19,   1919. 
Eisenbetontreppe  mit  Hohlstufen  ;  ein  Beitrag  fiir  "Sparsame  Bauweisen."      Gaehme. 

(80)      Aug.   2.3,   1919. 
Schnellanalyse  fiir  Portlandzement.      Th.  Klehe.      (80)      Sept.  16,  1919. 
Normung  von  Zementwaren.      (80)      Serial  beginning  Sept.  27,  1919. 
Selbstkosten  von   Voll-   und   Hohlziegen.*      Johannes   Peters.      (80)      Oct.   9,   1919. 
Die  Einwirkung  des   Press-   und   Ziehverfahrens   auf  die  physikalischen   Eigenschaf- 

ten    von    zylindrischen    Hohlkorpern.      Reinh.    Kiihnel.      (50)      Serial    beginning 

Dec.  11,   1919. 

Water  Supply. 

Proposed    Tidal    Hydro-Electric    Power    Development    of    the    Petitcodiac    and    Mem- 

ramcook  Rivers.*      W.   Rupert  Turnbull.      (5)      Oct.,   1919. 
Water  Supply  for  a  Field  Army.*      Arthur  H.   Pratt.      (100)      Nov.,   1919. 
The  Value  of  a  Hydraulic  Horsepower  at  the  Wheel.*      E.  W.  Rettger.      (36)      Nov., 

1919. 
Laying  a  Pipe  Line  in  Frozen  Ground.*      William  W.  Elmer.      (16)      Nov.  22,  1919. 
Description,  Operation,  and  Purification  Effected  by  Drifting  Sand  Filtration  System 

in  Toronto  During  1918.      Norman  J.   Howard.      (28)      Dec,   1919. 
Pollution  of  Deep  Wells  at  Lansing,  Michigan.      Edward  D.  Rich.      (60)      Dec,  1919. 
Water     Supplies     for    the    American     Expeditionary     Forces.      Francis     F.     Longley. 

(28)      Dec.   1919. 
Public    Control     Over     New     Streets     in     Relation     to    Extension     of    Water     Mains. 

Bertram  Brewer.      (28)      Dec,  1919. 
Supervision  of  Public  Water  Supplies  by  the  New  York  State  Department  of  Health.* 

(28)      Dec,   1919. 
Chlorination  of  Water  ;   Old  and  New  Determination  of  the  Dosage  and  Time  Inter- 
vals.     Abel   Wolwan  and   Linn   H.   Enslow.      (19)      Dec.   20.   1919. 
The  Gilboa  Dam.*      J.   F.   Springer.      (46)      Dec.   20.  1919. 
The     Repair    of    a    Service    Reservoir    Damaged    by    Mining.*      D.     M.     Straughen. 

(Paper  read  before  Inst,  of  Water  Engrs.)       (57)      Dec.  24.  1919. 
Study  of  Pressures  in  Hydraulic  Dam  Cores.      (13)      Dec.  25,  1919. 
Development    and    Storage   of    Water   for   Hydro-Electric    Projects.*      J.    W.    Meares. 

(From  Water  and  Water  Enqineering .)       (86)      Dec.  31,  1919. 
Plans  for   Increasing  Baltimore's  Water  Supply.*      Walter  E.   Lee.      (117)      Jan.    1. 
Rating  pf  State  Sanitary  Control  of  Public  Water-Supplies.*      (13)      Jan.  1. 
Building  a  Hydro-Electric  Plant  in  Afghanistan.*      A.  C.  Jewett.      (13)      Jan.   8. 
Water-Supply   Typhoid    Outbreak   at    Lansing,    Michigan.*      J.    R.    Daugherty.      (13) 

Jan.  8. 
Life  of  Flume  Prolonged  by  Roofing  Paper  Lining.*      (13)      Jan.  15. 
Progress  on  the  Hetch  Hetchy  Project.*      M.  M.  O'Shaughnessy.      (Ill)      Jan.  15. 
Shandaken  Tunnel  for  the  Catskill  Watershed  for  New  York  City.*      Harry  Gardner. 

(117)      Jan.   15. 
The    Discharge    of     Smooth    Wood-Stave    Pipes    and    Wood    Channels.*      Alfred     A. 

Barnes.      (13)      Jan.   29. 
Suction   Well   Settlement   Curtails   Des  Moines  Water   Supply.*      (13)      Jan.   29. 
Les  Nouvelles  Installations  du  Tunnel  du  Simplon.*      A.  Bidault  des  Chaumes.      (33) 

Serial  beginning  Oct.   11,   1919. 
L'Alimentation    en    Eau   Potable   des    Petites   Communes.      A.    Moreau.      (3i)      Serial 

beginning   Nov.    1,    1919. 
Schnellfiltereranlage    des    stadtischen    Wasserwerks    Altona    ein    Beispiel   technischen 

Zusammenwirkens.*      Jiirgensen.      (49)      1918,   Pt.  4. 
Bericht    uber    Versuche    nit    Streudiisen    verschiedener    Form    fiir    Feldberegnung.* 

E.   Kriiger.      (48)      Jan.   11.   1919. 
Selbstkritik      meiner      Berechnung      der      Aussteifungsringe      an      Hochbehaltern.* 

J.  Schmidt.      (48)      Feb.  15,  1919. 
Die  hydrologischen  Vorarbeiten  fiir  eine  Grundwasserversorgung  der  Stadt  Danzig.* 

G.  Thiem.      (48)      Mar.   22,  1919. 
Das    Ausgleichsgefalle    geschiebefiihrender    Wasserlaufe    und     Fliisse.*      Josef    Put- 

zinger.      (53)      March  28,   1919. 
Europaische    und    nordamerikanische    Stadtrohrposten.      Hans    Schwaighofer.      (48) 

April  5,   1919. 
ijber    Grundwasserbewegung    und    Berechnung    von    Grundwassererglebigkeiten    bei 

Absenkungs-Anlagen.*      Fritz  Bergwald.      (7)      April  5.  1919. 


•  Illustrated. 
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Water  Supply — (Continued). 

Saugstrahlturbinen    und    Turbinen    ohne    Leitschauteln.*      (53)      Serial    beginning 

May  2,  1919. 
Zur   Frage   der   Trinlcwasserversorgung   an   der   Front.*      Emll   von    Skramlik.      (7) 

May   17.   1919. 
Einfluss  der   gesundheitstechnischen   Einrichtungen   auf  den    hohen   Wasserverbrauch 

der  Stadte.     Otto  Spiegelberg.      (7)      June  28,  1919. 
Filtersand.     G.   Anklam.      (80)      June   28,   1919. 

Waterways. 

Monongahela   River   Navigation.*      H.    W.    Stickle.      (100)      Nov.,    1919. 

Hydraulic  Fill  Dams  of  the  Miami  Conservancy  District.      H.   S.  R.  McCurdy.      (28) 

Dec,    1919. 
Tide-Predicting   Machine.*      (11)      Dec.    19,    1919. 

The  Coal   Harbour  of  Hampton   Roads.*      J.   F.   Springer.      (57)      Dec.   19,   1919. 
A  Low  Cost  Concrete  Bulkhead.*      Hunley  Abbott.      (86)      Dec.   24,  1919. 
Dock  Cranes  of   New  Type  ;    Supported  on   Semi-Portal  Bridges,   Handle   Large  Ton- 
nage at  Army  Supply  Base.*      (20)      Dec.   25.    1919. 
Largest   Barge   Canal   Terminal    Opened    in    New   York   City.*      Frank    M.    Williams. 

(13)      Dec.  25,  1919;     (46)     Serial  beginning  Jan.  3. 
A  Dredging  Pump  of  Novel  Construction.*      W.  J.  White.      (55)      Jan. 
Big  Spoil  Dump  to  Cover  200  Acres  Maximum  Depth  of  60  Feet  ;   Excavation   front 

Queenstown-Chippawa    Canal.*      (13)      Jan.    1. 
Enlarged  Fleet  of  Ore  Boats  Plying  Hudson  ;   Details  of  Notable  Dock  and  Handling 

Equipment.*      (20)      Jan.  1. 
Freight-Handling  Equipment  at  the   Port  of   Seattle.*      George   F.   Nicholson.      (13) 

Jan.  1. 
What    is    the    Future    of    Inland    Water    Transportation?      Charles    Whiting    Baker. 

(13)      Serial  beginning  Jan.  1. 
Estimating  River-Flow  from  Rainfall  Records.      J.  E.  E.  Craster.      (11)      Jan.  2. 
Levee  Construction  on  Mississippi  and  Its  Effect  on  River  Section.*      C.  McD.  Town- 
send.      (Paper   read   before   National   Drainage   Congress.)       (86)      Jan.    14. 
Rock  Excavation  with   Drag  Lines   for  Miami  Conservancy  Dam.s.*      (86)      Jan.   21. 
Municipal  Grain  and  Freight  Port  Terminal  at  Portland,  Oregon.*     W.  P.  Hardesty. 

(13)      Jan.   22. 
Santa  Monica  Pier  Failure  Due  to  Permeable  Concrete.      (86)      Jan.  28. 
Wood  Piles  Coated  with  Concrete  Applied  by  Cement-Gun.*      (13)      Jan.  29. 
La  Navigation   Interieure  en  AUeniagne.      Armand  Manteau.      (33)      Sept.   20,   1919. 
Les  Nouveaux  Quais  en  Beton  Arme  du  Port  de  Copenhague.*      (33)      Sept.  27,  1919. 
La  Reconstruction  de  la  Ville  et  I'Extension  du  Port  de  Salonique.*      (33)      Nov.  1, 

1919. 
Les   Ports   Frangais   Pendant   la   Guerre    les   Americains   dans   nos    Ports    de    I'Atlan- 

tique,  Brest  et  Saint-Nazaire.*      Auguste  Pawlowski.      (33)      Nov.  22,  1919. 
LTnregelmassige  Stromungen.      Jasmund.      (49)      Serial  beginning  1918,  Pt.  4. 
Vorschlage   zum    Weiteren    Ausbau    der    Weichsel    zur    Forderung    der    Schiffbarkeit, 

A.   Niese  and  G.  E.   Schmidt.      (49)      Pt.  4,  1918. 
Studie    iiber    die    Zulassigkeit    der    Absenkung    des    Wasserspiegels    der    Donau    zum 

Zwecke  der  Wasserkraftausnutzung,  unter  Riicksichtnahme  auf  die  Schiffahrt.* 

K.    Ebner.      (53)      Feb.    28,    1919. 
Schleusentore.*      M.   Schmidt-Tychsen.      (48)      April  19.   1919. 
Die  technische  Ausgestaltung  unserer  Kanale.*      Franzius.      (48)      July  12,  1919, 

*  Illustrated. 
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To  THE  American  Society  of  Civil  Engineers: 

The  Special  Committee  to  Report  on  Stresses  in  Railroad  Track 
herewith  presents  its  second  progress  report. 

I. — Introduction. 

1. — Preliminary. — As  was  stated  in  the  first  progress  report  under 
date  of  November  3d,  1917,  the  Committee  has  been  co-operating  with 
the  Special  Committee  on  Stresses  in  Track  appointed  by  the  American 
Railway  Engineering  Association  since  the  organization  of  the  Joint 
Committee,  June  3d,  1914.  As  the  Committee  of  the  American  Railway 
Engineering  Association  consists  of  the  members  of  the  Special  Com- 
mittee of  the  American  Society  of  Civil  Engineers,  eighteen  in  all,  and 
three  other  members  of  the  American  Railway  Engineering  Association 
who  do  not  hold  membership  in  the  American  Societj'  of  Civil  Engi- 
neers, the  work,  with  the  authorization  given  by  the  two  Societies,  has 
been  carried  on  as  one  committee.  This  report  is  presented  simul- 
taneously to  the  two  Societies.  In  recognition  of  the  financial  support 
given  the  Committee,  the  report  is  also  being  presented  to  the  American 
Railroad  Association. 

It  was  early  realized  by  the  Committee  that  an  adequate  report  on 
stresses  in  railroad  track  must  be  based  largely  on  experimental  data 
derived  from  extensive  tests  on  standard  railroad  track,  and  that  in 
view  of  the  complexity  of  the  action  of  track  under  load  and  the 
variability  of  the  conditions  to  be  found  in  track  and  load  the  work 
of  conducting  experiments  and  reducing  the  data  would  necessarily 
require  a  large  amount  of  time  and  effort.  An  important  element  in 
the  work,  which  has  involved  expenditure  of  time,  effort,  and  money, 
has  been  the  development  of  methods  of  conducting  the  tests  and  of 
devising  the  instruments  and  apparatus.  It  has  been  recognized  from 
the  start  that  in  obtaining  data  on  the  action  of  track  under  the  varia- 
able  conditions  of  both  track  and  load,  great  refinement  of  method  was 
not  possible  and  it  was  important  to  make  tests  under  conditions  of  rail- 
road service  as  nearly  normal  as  is  possible,  utilizing  also  of  course 
the  data  of  laboratory  investigations  where  conditions  would  not  per- 
mit satisfactory  experiments  in  the  field. 

The  first  progress  report  of  the  Committee  was  published  by  the  Soci- 
ety in  Vol.  LXXXII.,  p.  1191,  of  the  Transactions,  (1918)  and  also  in 
the  Proceedings  for  January,  1918,  p.  55;  also  in  Vol.  19  of  the 
Proceedings  of  the  American  Railway  Engineering  Association  (1918) 
and  in  Bulletin  No.  205  of  the  Association.  In  this  first  report  the 
action  of  the  track  as  an  elastic  structure  is  discussed  and  a  method  of 
analysis  for  determining  the  effect  of  single  wheel  loads  and  of  com- 
binations of  wheel  loads  is  developed;  the  method  of  conducting  the 
tests  and  the  nature  of  the  instruments  used  are  described;  and  the 
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tests  to  determine  the  stresses  in  rail  developed  by  static  loads  and 
moving  loads  under  a  variety  of  conditions  of  track  and  load  are 
described  and  the  data  discussed.  In  particular,  the  results  with 
several  types  of  locomotive  running  at  a  variety  of  speeds  on  rails  of 
several  weights  are  given  in  some  detail.  Track  depression  and  rail 
profiles  under  a  variety  of  loadings  are  presented,  and  the  properties 
of  track  as  an  elastic  structure  determined  for  a  variety  of  conditions 
are  reported.  The  report  relates  principally  to  stresses  in  rail  and  to 
the  general  elastic  conditions  of  the  track. 

Conditions  existing  during  the  war  greatly  impeded  the  progress 
of  the  work  of  the  Committee,  and  of  course  only  such  work  was  under- 
taken as  could  be  done  without  interference  with  any  activity  or  agency 
helpful  in  the  prosecution  of  the  war.  Even  since  the  war  closed  the 
conditions  have  been  very  unfavorable  for  carrying  on  experimental 
work.  The  limitations  relate  to  both  the  use  of  railroad  equipment  and 
the  supply  of  assistance  for  continuous  work. 

The  work  reported  herein  includes  the  results  of  tests  with  one 
type  of  freight  locomotive  and  one  type  of  passenger  locomotive  on  the 
St.  Louis-San  Francisco  Railway  to  determine  stresses  in  rail  in  rela- 
tion -to  speed  and  counterbalance  effect,  and  also  the  results  of  similar 
tests  with  one  type  of  freight  locomotive  on  the  Illinois  Central  Rail- 
road. The  report  gives  the  results  of  tests  on  the  Illinois  Central 
Railroad  and  the  Chicago,  Milwaukee  and  St.  Paul  Railway  to  deter- 
mine the  depression  of  track  under  given  loads  and  to  find  the  depres- 
sion and  flexure  of  ties  and  their  action  under  load  for  a  variety  of 
conditions  found  in  track.  The  tests  conducted  in  the  Laboratory  of 
Applied  Mechanics  of  the  University  of  Illinois  with  a  view  of  finding 
the  methods  and  principles  involved  in  the  transmisson  of  pressure 
from  one  or  more  ties  downward  and  laterally  through  ballast  mate- 
rials are  reported  and  an  analytical  consideration  of  the  transmission  of 
pressure  is  given.  The  report  is  presented  under  the  following  headings : 
Tests  to  Determine  the  Effect  of  Speed  and  Counterbalance  on  Stresses 
in  Rail;  Track  Depression;  Depression,  Flexure  and  Bearing  Pressure 
of  Cross-Ties ;  and  Transmission  of  Pressure  in  Ballast. 

The  Committee  is  continuing  work  on  the  subject  assigned  to  it. 

£. — Acknowledgment. — Funds  for  use  in  carrying  on  the  work  of 
the  Committee  have  been  taken  from  the  contributions  made  by  the 
United  States  Steel  Corporation,  the  Bethlehem  Steel  Company,  the 
Lackawanna  Steel  Company,  and  the  Cambria  Steel  Company,  acknowl- 
edgment of  which  was  made  in  the  first  progress  report.  The  Com- 
mittee wishes  to  express  appreciation  of  the  appropriation  of  a  fund  by 
the  American  Railroad  Association  for  its  use  in  1919  and  1920. 

The  co-operation  of  railroad  companies  in  furnishing  facilities  for 
the  test  work  has  itself  been  a  large  contribution.  The  Illinois  Central 
Railroad,  A.  S.  Baldwin,  M.  Am.  Soc.  C.  E.,  Vice-President,  and  F.  L. 


138  STEESSES    IN    EAILEOAD    TEACK  [Papers. 

Thompson,  Chief  Engineer,  gave  the  use  of  its  tracks  and  of  locomo- 
tive, cars,  and  crews  for  the  tests  made  north  of  Champaign,  111.  The 
St.  Louis-San  Francisco  Kailway,  F.  G.  Jonah,  M.  Am.  Soc.  C.  E., 
Chief  Engineer,  and  V.  K.  Hendricks,  M.  Am.  Soc.  C.  E.,  Acting  Chief 
Engineer,  gave  the  use  of  track,  locomotives,  and  crews  for  the  tests 
made  near  Springfield,  Mo.  The  Chicago,  Milwaukee  and  St.  Paul 
Kailway,  C.  F.  Loweth,  M.  Am.  Soc.  C.  E.,  Chief  Engineer,  gave  the 
use  of  track,  locomotives,  cars,  and  crews  for  the  tests  at  Deerfield,  111., 
and  Liberty ville.  111. 

War  conditions  have  made  it  difficult  to  maintain  a  corps  for  the 
work — all  who  had  formerly  been  engaged  on  the  work  went  into  war 
service.  Mr.  H.  R.  Thomas,  who,  as  Assistant  Engineer  of  Tests,  had 
been  connected  with  the  testing  operations  from  the  beginning,  was  in 
direct  charge  of  the  field  work  in  the  tests  on  the  St.  Louis- San  Fran- 
cisco Railway,  but  was  soon  after  called  into  Government  war  service. 
Mr.  N.  E.  Ensign,  Associate  in  Theoretical  and  Applied  Mechanics  in 
the  University  of  Illinois,  conducted  the  field  tests  on  the  Illinois 
Central  Railroad  and  the  Chicago,  Milwaukee  and  St.  Paul  Railway 
and  has  rendered  important  service  in  the  supervision  of  reducing  the 
data  on  track  depression  and  tie  flexure  and  in  interpreting  the  results, 
as  well  as  in  other  parts  of  the  work.  Mr.  M.  L.  Enger,  Professor  of 
Mechanics  and  Hydraulics  in  the  University  of  Illinois,  has  been  respon- 
sible for  the  experimental  work  on  transmission  of  pressure  in  ballast; 
his  previous  study  of  transmission  of  pressure  in  granular  materials 
brought  to  this  work  an  experience  which  has  made  it  possible  to  carry 
out  the  laboratory  investigation  on  transmission  of  pressure  through 
ballast  so  satisfactorily.  Credit  is  given  Professor  Enger  for  inter- 
preting the  data  of  the  tests  with  ballast  and  analyzing  the  problem; 
he  is  chiefly  responsible  for  the  chapter  on  "Transmission  of  Pressure 
in  Ballast".  Mr.  E.  E.  Cress,  Assistant  Engineer -of  Tests,  since  Janu- 
ary, 1919,  has  given  very  efficient  service  in  the  preparation  of  mate- 
rial for  the  report  and  in  the  study  and  interpretation  of  data — his 
thoroughness,  familiarity  with  details,  and  keen  grasp  of  the  prob- 
lems have  been  very  helpful.  Others  have  assisted  in  the  work  from 
time  to  time  and  all  have  given  loyal  and  careful  service. 

The  University  of  Illinois  has  continued  to  co-operate  in  the  work 
by  giving  the  use  of  laboratory,  shop  and  office  facilities  and  through 
the  service  of  members  of  the  staff  of  the  Engineering  Experiment  Sta- 
tion from  time  to  time. 

11. — Tests  to  Determine  the  Effect  of  Speed  and  Counterbalance 
ON  Stresses  in  Rail. 

S. — Purpose  of  Tests. — In  the  first  progress  report  it  was  stated 
that  analysis  alone  can  give  little  real  information  on  the  important 
subject  of  the  effect  of  speed  of  locomotive  and  train  in  increasing  the 
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stresses  in  track,  and  that  reliance  must  be  placed  upon  experimental 
data  to  determine  the  influence  which  speed  exerts  in  this  matter.  The 
increase  in  stress  in  rail  with  increase  in  speed  as  found  from  the  tests 
reported  was  given  in  a  general  way  for  points  at  and  between  the 
wheels  of  the  six  locomotives  used  in  the  tests.  No  detailed  study  of  the 
effect  of  speed  was  made,  however,  and  the  conditions  of  the  tests  were 
such  that  the  effect  of  the  counterbalancing  of  the  locomotives  was 
masked  or  not  brought  out.  For  simplicity  of  test  and  to  avoid  the 
introduction  of  variables  which  had  no  bearing  on  the  problems  then 
under  consideration,  all  the  runs  in  the  tests  reported  were  made  with 
the  counterweight  of  the  front  driver  in  its  lowest  position  as  it  passed 
the  middle  one  of  the  three  instruments  placed  on  one  rail.  The  result 
of  this  arrangement  was  that  the  counterbalance  effect  existing  differed 
for  the  several  instruments  and  for  the  several  wheels,  but  the  stresses 
found  at  any  wheel  were  approximately  the  same  as  the  average  stress 
throughout  the  revolution  of  the  wheel,  though  it  is  probable  that  for 
some  drivers  the  values  found  were  somewhat  larger  than  this  average 
and  for  others  somewhat  smaller.  'No  systematic  variation  due  to  posi- 
tion of  counterweight  was  found  in  the  results. 

In  pursuance  of  the  programme  of  the  Committee,  tests  have  now 
been  made  to  find  the  variation  in  stress  in  rail  throughout  the  revolu- 
tion of  the  drivers  and  to  attempt  to  separate  in  some  measure  the  effect 
of  counterbalance  from  the  effect  of  speed  alone.  In  doing  this,  it  was 
thought  best  to  include  a  type  of  locomotive  in  which  difficulty  has 
been  found  in  placing  the  desirable  amount  of  counterweight  on  the 
main  driver  but  in  which,  instead,  the  deficiency  of  counterweight 
has  been  added,  to  the  other  drivers,  making  a  badly  balanced  locomo- 
tive. The  use  of  this  class  of  locomotives  had  caused  considerable  injury 
to  the  rail  of  the  railroad  company;  these  locomotives  were  thought 
therefore  to  be  extreme  in  the  effects  of  speed  and  counterbalance. 
The  counterbalancing  of  the  other  types  of  locomotives  used,  the  Pacific 
and  the  Mikado  types,  is  not  so  difficult  a  problem  in  design.  The  use 
of  the  Mikado  type  locomotive  also  permitted  the  tests  to  be  connected 
up  with  the  tests  previously  made  on  the  Illinois  Central  Railroad. 

The  tests  were  conducted  in  the  manner  described  in  the  first 
progress  report  for  moving-load  tests,  the  strains  in  the  rail  being  meas- 
ured with  the  stremmatograph. 

■4- — The  Problem  of  C ounterialancing  the  Locomotive. — No  attempt 
is  made  in  this  report  to  go  far  into  the  analytical  side  of  the  problem 
of  the  counterbalance  and  its  effect  on  track.  A  brief  review  of  the 
method  of  calculation  commonly  used  and  of  the  terms  herein  employed 
may  be  of  advantage  to  the  reader.  To  treat  the  matter  in  a  thor- 
ough manner  would  involve  long  and  complicated  mathematical 
analyses  and  examples  and  would  require  the  discussion  of  a  number  of 
elements  on  which  there  seems  not  to  be  agreement. 
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The  moving  driving  parts  of  a  locomotive  are  usually  divided  into 
(a)  reciprocating  parts  and  (fe)  rotating  parts.  The  reciprocating  parts 
include  such  parts  as  the  piston  and  piston  rod,  cross-head,  and  a  por- 
tion of  the  main  rod  (connecting  rod).  The  rotating  parts  include 
crank  pins,  crank  pin  hubs,  side  rods,  the  portion  of  the  main  rod 
considered  to  contribute  to  rotational  effects,  etc.  The  motion  of  these 
reciprocating  and  rotating  parts  produces  a  dynamic  effect  on  the  loco- 
motive and  track,  and  in  designing  the  locomotive,  the  attempt  is  made 
to  counterbalance  in  such  a  way  as  to  reduce  the  dynamic  effect,  as  far 
as  may  seem  practicable,  by  adding  a  counterbalancing  weight  to  the 
drivers  at  a  location  opposite  the  crank  pin. 

To  help  in  clearness  of  expression,  the  following  distinction  between 
counterweight  and  counterbalance  will  be  made  in  this  report.  Coun- 
terweight will  be  used  as  the  weight  applied  or  added  to  the  driver  at  a 
point  opposite  the  crank  pin  for  the  purpose  of  balancing  or  helping 
to  balance  the  rotating  and  reciprocating  parts.  The  terms  underbal- 
ance  and  overbalance  will  be  used  for  the  deficiency  and  the  excess, 
respectively,  of  the  counterweight  as  compared  with  that  necessary 
to  balance  the  rotating  parts  or  to  balance  the  rotating  and  recipro- 
cating parts.  The  term  counterbalance  will  be  used  to  indicate  the 
general  condition  of  uiiderbalance  or  overbalance  as  it  exists  in  a 
given  driver.  The  term  counterbalancing  will  be  applied  to  the  gen- 
eral problem  of  endeavoring  to  balance  the  rotating  and  reciprocating 
parts. 

The  vertical  effect  of  a  lack  of  balance  of  the  rotating  parts  is  to 
increase  or  decrease  the  pressure  of  the  drivers  on  the  rails  and  to 
vary  the  pressure  upward  on  the  equalizer  bars  and  the  frame  of  the 
locomotive.  A  lack  of  balance  for  the  reciprocating  parts  has  little 
direct  effect  on  the  vertical  pressures  on  the  rail  at  the  high  and  low 
position  of  the  counterweight,  though  due  to  the  acceleration  of  the 
piston  and  cross-head  it  may  have  a  modifying  influence  on  the 
main  driver  in  certain  portions  of  the  revolution  of  the  driver.  A  lack 
of  balance  for  the  combination  of  reciprocating  and  rotating  parts 
produces  strains  in  the  locomotive  frame  and  horizontal  movements  of 
the  locomotive  such  as  nosing.  Underbalance  and  overbalance  produce 
similar  effects.  It  is  evident  that  the  counterbalance  cannot  be  made 
to  produce  both  the  minimum  vertical  effect  and  the  minimum  hori- 
zontal effect.  The  methods  in  use  attempt  to  compromise  between  the 
two.  The  practice  in  locomotive  design  is  to  counterbalance  for  all 
rotating  parts  and  for  a  portion  of  the  reciprocating  parts,  the  propor- 
tion of  the  latter  varying  from  one-half  to  two-thirds.  It  is  evident, 
then,  that  so  far  as  vertical  pressure  on  track  is  concerned,  this  prac- 
tice results  in  general  in  overbalancing  the  rotating  parts. 

In  some  types  of  locomotive  other  difficulties  are  found.  The  diam- 
eter of  driver  may  be  so  small  and  the  weights  of  the  rotating  and 
reciprocating  parts  so  great  that  there  is  not  space  on  the  main  driver 
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to  place  the  necessary  counterweight  even  if  lead  is  used  for  the  pur- 
pose. In  such  cases  it  is  the  practice  to  place  as  much  counterweight 
on  the  main  driver  as  practicable  and  to  make  up  the  deficiency  by 
placing  an  extra  amount  of  counterweight  on  the  other  drivers,  dividing 
this  amount  equally  among  these  drivers.  The  result  is  that  the  main 
driver  may  be  underbalanced  even  for  the  rotating  parts  and  the  other 
drivers  will  have  their  overbalance  for  rotating  parts  increased.  The 
effect  on  the  track  structure  may  be  very  marked,  even  though  the  effect 
on  the  locomotive  itself  may  not  be  noticeable. 

Another  counterbalancing  device  sometimes  used  in  such  a  type  of 
locomotive  is  a  counterweight,  known  as  a  bob,  which  is  attached  to  the 
driver  axle  inside  the  bearings.  On  account  of  limitations  of  space  in 
the  design  of  frame  commonly  used,  the  radius  of  rotation  of  the  bob 
is  relatively  small,  and  its  weight  must  be  correspondingly  large,  thus 
adding  to  the  driver  load  at  low  speeds. 

The  vertical  or  horizontal  pressure  developed  by  the  unbalanced 
rotating  and  reciprocating  parts  is  called  the  dynamic  augment.  This 
dynamic  augment  is  of  course  a  function  of  the  speed,  increasing  as 
the  square  of  the  speed. 

The  formula  generally  used  for  calculating  the  dynamic  augment 
is  the  formula  for  centrifugal  force, 

W  0^ 

C  = (12)* 

in  which 

W  =  the   weight  of  the   rotating   or   reciprocating  part  for 
which  the  dynamic  augment  is  desired,  or  the  unbal- 
anced part  of  the  rotating  parts  in  case  the  resulting 
rotational  effect  is  wanted; 
g  =  the  acceleration  of  gravity; 
V  =  the  rotational  velocity  or  speed  of  the  part; 
r  =  the  radius  of  the  circle  taken  by  the  center  of  gravity  of 
the  rotating  part. 

It  is  convenient  to  transfer  all  weights  to  the  equivalent  weight  at 
the  center  of  the  crank  pin  and  to  use  the  radius  of  the  circle  taken  by 
the  center  of  the  crank  pin  relatively  to  the  center  of  the  driver. 

The  equation  implies  consistent  units,  and  the  values  may  be  taken 

in  pounds,  feet,  and  seconds,  with  g  as  32.2  ft.  per  sec.  per  sec.    If  V 

is  the  speed  of  the  locomotive  in  miles  per  hour,  the  speed  in  feet  per 

4.4 
second  will  be  -—  V.     The  rotational  speed  of  the  crank  pin  v  is  obtained 

by  multiplying  this  by  the  ratio  of  the  radius  of  the  crank  pin  circle  r 

*  This    equation    number   follows   the   last   number   used   in    the   first   report,   p. 
1206,  Transactions,  Am.  Soc.  C.  E.,  Vol.  LXXXII,  1918. 
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to  one-half  the  diameter  of  the  driver.  The  distance  of  the  counter- 
weight from  the  center  of  the  driver  will  be  greater  than  the  radius  of 
the  crank  pin  circle,  and  a  weight  of  equivalent  rotational  effect  for  a 
radius  r  may  be  used,  the  equivalent  weight  being  found  by  multiply- 
ing the  counterweight  by  the  ratio  of  the  rotational  radius  of  the  center 
of  the  counterweight  to  that  of  the  crank  pin.  For  determining  the 
vertical  dynamic  augment,  W  should  include  the  excess  or  deficiency 
of  the  rotating  parts,  and  should  not  include  the  reciprocating  parts,  a 
portion  of  the  main  rod  being  taken  as  a  rotating  part.  The  part  of 
the  weight  of  the  main  rod  which  should  be  considered  as  an  equivalent 
rotating  weight  at  the  crank  pin  may  be  determined  by  the  principles 
of  mechanics. 


+30  000 


0 


0.1 


0.2        0.3        0.4        0.5        0.6        0.7        0.8        0.9 
Position  of  Counterweigbt  in  Parts  of  a  Revolution 


Fig.  1. — Vertical  Component  of  Dynamic  Augment  for  Overbalance  and 
Underbalance  of  Rotating  Parts. 

For  determining  the  horizontal  dynamic  augment,  the  weight  of  the 
reciprocating  parts  should  be  included  in  determining  the  unbalanced 
weight  W.  In  making  the  calculations,  the  center  of  gravity  of  the 
rotating  part  is  used  in  getting  the  radius  of  rotation. 

Fig.  1  gives,  through  a  complete  revolution,  the  values  of  the  ver- 
tical component  of  the  dynamic  augment  for  an  underbalance  of  746 
lb.  at  the  crank  pin  circle  and  also  for  an  overbalance  of  370  lb.  at 
the  crank  pin  circle  for  a  speed  of  50  miles  per  hour,  the  diameter 
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of  the  driver  being  60  in.  and  the  radius  of  crank  pin  circle  being  one- 
half  the  radius  of  the  driver.  For  the  counterweights  at  one-fourth 
of  a  revolution  from  the  low  position  (90°)  the  vertical  dynamic  aug- 
ment for  both  underbalance  and  overbalance  is  zero,  as  is  that  at  three- 
fourths  of  a  revolution  (270°).  The  position  giving  the  maximum 
downward  pressure  of  an  underbalanced  counterweight  gives  the  maxi- 
mum upward  pressure  of  an  overbalanced  counterweight. 

The  fact  that  the  center  of  gravity  of  the  rods  and  other  rotating 
parts  is  not  in  the  same  vertical  plane  as  is  the  counterweight  or  the 
rail  is  not  usually  taken  into  account.  The  distributing  forces  are  said 
to  be  slight  in  comparison  with  the  principal  rotating  and  recipro- 
cating forces.  The  following  shows  that  this  element  of  the  problem 
may  need  attention. 

The  plane  of  rotation  of  the  side  rod  is  some  distance  outside  the 
plane  of  the  counterweight,  the  main  rod  is  still  further  away,  and  the 
part  of  the  pin  passing  through  these  rods  is  also  well  outside  the 
driver.  The  result  of  this  eccentricity  of  position  is  to  increase  the 
effect  of  the  dynamic  augment  at  the  central  plane  of  the  counter- 
weight, and  to  require  a  greater  amount  of  counterweight  than  would 
be  necessary  if  these  parts  and  the  counterweight  were  in  the  same 
plane.  The  amount  of  this  increase,  in  terms  of  the  dynamic  augment 
calculated  by  the  formula  given  for  dynamic  augment,  is  determined 
by  the  ratio  of  the  horizontal  distance  between  the  center  of  the  coun- 
terweight and  the  center  of  the  rod  or  other  rotating  part  to  the  hori- 
zontal distance  between  the  centers  of  the  companion  drivers.  For  the 
locomotives  of  the  three  types  used  in  the  tests  herein  reported — the 
Santa  Fe,  Pacific,  and  Mikado — this  ratio,  found  from  the  dimensions 
of  the  parts,  averaged  about  0.11  for  the  side  rod  and  the  part  of  the 
pin  within  the  side  rod,  and  0.23  for  the  main  rod  and  the  part  of  the 
pin  within  the  main  rod;  that  is,  the  vertical  dynamic  augment  effect 
at  the  vertical  plane  through  the  center  of  the  counterweight  produced 
by  the  rotating  parts  outside  of  the  driver,  is  11%  greater  in  the 
case  of  the  side  rod  and  its  part  of  the  pin,  and  23%  gi'eater 
in  the  case  of  the  main  rod  and  its  pin,  than  will  exist  at  the  plane  of 
these  rods  as  found  by  the  formula  for  dynamic  augment  and  centrifugal 
force.  The  value  of  the  dynamic  augment  of  these  rods  and  pin  cal- 
culated by  the  usual  formula  must  then  be  increased  in  the  propor- 
tion of  11%  for  the  side  rod  and  23%  for  the  main  rod,  or  the  weights 
of  these  parts  may  be  considered  to  be  that  much  larger  in  determining 
the  underbalance  or  overbalance. 

For  the  main  driver  the  effect  so  found  is  considerable,  affecting  the 
amount  of  counterweight  required;  a  seeming  overbalance  for  rotating 
parts  as  judged  by  the  method  of  calculation  generally  used  in  design 
may  become  an  underbalanced  wheel,  while  for  an  underbalanced  main 
driver  the  deficiency  in  counterweight  may  be  considerably  greater  than 
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that  found  when  this  eccentricity  of  position  is  not  taken  into  account. 
For  drivers  other  than  the  main  driver  the  effect  is  much  smaller  and 
may  not  need  consideration. 

The  foregoing  discussion  takes  the  dynamic  augment  back  to  the 
center  of  the  counterweight;  the  center  of  the  counterweight  in  loco- 
motives of  the  types  used  is  generally  outside  the  center  of  the  rail  and 
the  point  of  contact  between  wheel  and  rail,  and  the  effect  of  this  is 
to  increase  by  a  small  amount  the  resulting  pressure  on  the  rail  due 
to  overbalance  or  underbalance ;  in  the  cases  under  consideration  this 
would  probably  not  increase  the  dynamic  augment  by  more  than  3 
per  cent.  It  must  be  concluded,  however,  that  the  location  of  the  rods 
away  from  the  plane  of  the  counterweight  may  become  of  importance 
in  the  calculations  of  the  counterbalance  of  the  main  driver  and  should 
not  be  overlooked. 

The  effect  due  to  the  rods  and  the  counterweight  of  a  given  driver 
not  being  in  the  same  plane  with  each  other  extends  also  to  the  com- 
panion driver  on  the  other  rail,  decreasing  the  vertical  pressure  of  the 
companion  driver  when  the  pin  of  the  other  driver  is  down  and  increas- 
ing it  when  the  pin  is  up.  It  will  be  seen  that  the  effect  upon  the 
companion  driver  comes  at  a  point  in  its  revolution  which  is  away 
from  the  maximum  and  minimum  effect  of  its  own  counterbalancing, 
and  hence  this  element  of  the  problem  may  not  particularly  affect  the 
value  of  the  maximum  pressure  developed  by  the  driver.  In  case  a  main 
driver  is  balanced  for  its  own  masses  only,  the  effect  of  the  rods  on  its 
companion  driver  will  be  to  put  it  out  of  balance. 

A  further  condition  complicates  the  problem :  the  crank  pins  of 
the  left  side  of  the  locomotive  are  set  90°  behind  those  on  the  right 
side.  This  adds  to  the  stresses  in  the  locomotive  and  may  be  expected  to 
produce  lateral  bending  in  rails. 

In  judging  of  the  vertical  rail  pressure  produced  by  partially  bal- 
anced rotating  parts  or  by  overbalanced  rotating  parts,  it  may  be  suffi- 
ciently near  the  truth  to  consider  that  the  vertical  dynamic  augment 
produced  by  the  excess  or  deficiency  of  counterbalance  of  the  rotating 
parts  acts  as  a  vertical  pressure  on  the  rail  at  each  driver.  This  may 
be  expected  to  be  approximately  true  even  when  the  adjacent  drivers 
have  quite  different  dynamic  augment,  since  the  change  in  depression 
of  the  track  structure  due  to  the  added  or  decreased  pressure  on  the 
rail,  is  small  in  comparison  with  the  total  amount  of  deflection  of  the 
locomotive  spring  produced  by  the  weight  of  the  locomotive  tributary 
to  the  given  driver,  and  hence  a  movement  of  the  wheel  downward  with 
the  increase  in  track  depression  produced  by  the  dynamic  augment 
will  result  in  reducing  the  load  transmitted  from  the  locomotive  frame 
only  a  relatively  small  amount  and  the  action  of  the  equalizing  levers 
may  be  expected  to  minimize  even  this  effect.  It  seems  proper,  then, 
in  making  calculations,  to  consider  the  vertical  dynamic  augment  of 
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each  driver  as  being  separate  downward  or  upward  loads  which  may 
be  added  algebraically  to  the  individual  driver  loads  on  the  rail.  How 
much  this  will  be  modified  by  the  spring  of  rail  and  movements  of  loco- 
motive springs  and  how  much  will  be  transmitted  to  other  wheels  by 
the  equalizing  levers  cannot  well  be  determined  by  analysis. 

Having  calculated  the  vertical  dynamic  augment  of  the  rotating 
parts  (using  the  underbalance  or  the  overbalance),  the  vertical  pressures 
so  obtained  may  be  used  as  positive  or  negative  loads  at  the  wheel 
points,  and  calculations  for  stress  in  rail  may  be  made  for  such  loads 
by  the  methods  given  in  the  first  progress  report  of  the  Committee  under 
'-'Combination  of  Wheel  Loads".  Illustrations  of  the  use  of  this  method 
in  the  calculation  of  resulting  loads  and  stresses  may  be  found  in  the 
discussion  of  test  results  which  follows. 

As  the  tests  for  effect  of  counterbalance  were  made  with  the  loco- 
motive running  with  steam  shut  off,  the  effect  of  cylinder  pressure 
does  not  enter  into  the  results  discussed  except  so  far  as  there  may 
have  been  resisting  pressure  developed  in  the  cylinders.  For  locomo- 
tives working  under  steam  pressure,  the  effect  is  to  increase  the 
downward  pressure  of  the  main  driver  by  the  vertical  component  of 
the  main  rod  tension  or  compression.  For  the  dimensions  of  the  main 
rod  in  the  locomotives  used  this  vertical  pressure  at  the  up  and  down 
points  of  the  crank  pin  would  be  from  0.10  to  0.14  of  the  cylinder 
pressure  at  mid-stroke,  this  vertical  pressure  presumably  being  all 
taken  by  the  main  driver. 

5. — The  Locomotives. — In  the  tests  on  the  St.  Louis-San  Francisco 
Railway  two  types  of  locomotives  were  used,  the  Santa  Fe  type  freight 
locomotive  and  the  Pacific  1060  type  of  passenger  locomotive.  Slight 
variations  were  made  in  these  locomotives  by  lightening  reciprocating 
and  rotating  parts  of  the  Santa  Fe  and  Pacific  types  and  by  changing 
the  position  of  the  equalizer  pin  of  the  Pacific  type.  The  Santa  Fe 
type  locomotives  were  new  locomotives,  having  been  in  service  less  than 
a  year.  The  Pacific  type  locomotives  had  been  in  service  about  two 
years. 

Fig.  2  gives  the  spacing  ,of  drivers  and  the  wheel  loads.  The  diame- 
ter of  the  drivers  in  the  Santa  Fe  type  was  60  in.  and  that  in  the 
Pacific  type  73  in.  The  crank  pin  was  15  in.  from  the  center  of  driver 
in  the  Santa  Fe  type,  and  14  in.  in  the  Pacific.  The  corresponding 
distance  for  center  of  counterweight  was  16J  in.  in  the  Santa  Fe  type 
and  20i  in.  for  the  main  driver  and  25^  in.  for  the  other  two  drivers 
in  the  Pacific  type. 

In  Table  1  are  found  the  weights  of  the  reciprocating  and  rotating 
parts  of  the  Santa  Fe  locomotive  as  given  by  the  Mechanical  Depart- 
ment of  the  St.  Louis-San  Francisco  Railway,  together  with  fhe  calcu- 
lated required  counterweights,  the  amount  of  counterweight  used  and 
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the  excess  or  deficiency  of  counterbalance  by  the  method  of  calculation 
used  by  the  Railroad  Company.  It  will  be  noted  that  60%  of 
the  weight  of  the  reciprocating  parts  is  included  in  the  counterbalancing 
calculations  and  that  this  weight  is  divided  among  four  drivers  and 
not  among  all  five,  a  matter  which  affects  the  vertical  dynamic  augment 
only  as  the  overbalance  or  underbalance  of  the  several  wheels  for 
rotational  parts  is  affected.  Table  1  also  gives  the  excess  or  deficiency 
of  counterweight  needed  to  balance  the  rotating  parts  only,  since  this 
excess  or  deficiency  is  the  principal  factor  affecting  increase  or  decrease 
in  vertical  pressure  on  the  rail. 
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Fig.  2. — Diagrams  of  the  Three  Types  of  Locomotives. 
There  may  be  of  course  some  question  concerning  the  amount  or 
proportion  of  the  weight  of  the  main  rod  which  contributes  to  the 
rotational  effect.  The  excess  or  deficiency  of  counterweight  needed  to 
balance  the  rotating  parts  only,  as  given  in  Table  1,  is  the  value 
usually  considered  in  designing  practice,  and  is  found  without  taking 
into  consideration  the  effect  of  the  rods  and  pin  not  being  in  the  same 
vertical  plane  with  the  counterweight  of  the  driver.  The  method 
outlined  in  the  preceding  article  for  taking  this  variation  of  position 
of  the  dynamic  forces  into  account  involved  adding  to  the  weight  of 


Papers.] 


STKESSES     IN    RAILROAD    TRACK 


147 


TABLE  1. — Weights  of  Rotating  and  Reciprocating  Parts, 

IN  Pounds — Santa  Fe  Type  Locomotive  of  the 

St.  Louis- San  Francisco  Railway. 


Reciprocating  Parts. 

Piston 803 

Cross-head 860 

48%  maiu  rod,  weight  on  cross-head  pin 657 

2  3^'0 
0.60  X  2  320 

: =  3-18 

4 

Rotating  Parts. 

Driver  number 5             4  Main  2             1 

60%  of  weight  of  reciprocating  parts 348           348      348          348 

Main  rod,  weight  on  cranli  pin 735       

Side  rod,  weight  on  cranlf  pin 190          583  740  504           190 

Crank  pin 155           162  420  162           140 

Crank  pin  hub 189           196  305  196           189 

One-half  eccentric  crank 60     

Total 882       1  289       2  260       1  210  867 

Equivalent  weight  required  at  center  of  counter- 
weight, average  taken  for  two  corresponding 
wheels 794       1  135       2  054       1  135  794 

Weight  used 812       1156       1376       1156  812 

Difference  between  weight  required  and  weight 
obtained -f    18     +20     —678     +20     +18 

Equivalentdiffereuce  at  crank  pin  circle +20     +22     —746     +22     +    20 

Overbalance  or  uatlerbalance  at  crank  pin  circle 
for  rotating  parts  only +368     +370     —  746*   +  370     +368 

*  This  becomes  1  042  lb.  if  the  effect  of  the  rods  and  pin  not  being  in  the  plane  of  the 
counterweight  is  considered  to  be  as  described  in  the  text. 

the  side  rod  and  its  part  of  the  pin  11%  of  the  weight  of  these 
parts  as  being  approximately  the  effect  for  the  average  of  the  dimen- 
sions of  the  three  types  of  locomotives  used  in  the  tests,  and  to  the 
weight  of  the  main  rod  used  and  its  part  of  the  pin  23%  of 
the  weight  of  these  parts — this  increased  weight  being  considered  to 
represent  the  weight  to  be  used  in  determining  the  condition  of  counter- 
balance in  the  plane  of  the  counterweight.  Applying  these  percentages 
to  the  parts  affecting  the  main  driver,  the  weight  of  the  main  rod 
coming  on  the  crank  pin  and  that  of  the  side  rod  and  also  the  parts 
of  the  crank  pin  in  the  main  rod  and  the  side  rod,  the  underbalance 
of  the  main  driver  is  found  to  be  1042  lb.  instead  of  746  lb. — a  very 
great  deficiency.  For  the  other  drivers  the  effect  is  not  so  great; 
there  is  a  reduction  in  the  amount  of  overbalance  of  27  lb.  for  Drivers 
1  and  5  and  of  67  lb.  for  Drivers  2  and  4.  It  is  not  known  how  closely 
the  weights  of  the  locomotives  used  agree  with  the  weights  given  in 
Table  1 ;  the  indications  are  that  there  are  uncertainties  in  the  weights 
and  in  their  positions. 

In  Table  2  are  given  in  the  same  way  the  weights  of  the  recipro- 
cating and  rotating  parts  of  the  Pacific  type  locomotive  as  furnished 
by  the  Mechanical  Department  of  the  St.  Louis- San  Francisco  Railway. 
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TABLE  2. — Weights  of  Kotating  and  Ejeciprocating  Parts, 

IN  Pounds — Pacific  Type  Locomotive  of  the 

St.  Louis-San  Francisco  Eailway. 


Reciprocating  Parts. 

Piston 765 

Cross-head 870 

Main  rod,  weig:ht  on  cross-head  pin 535 

2  170 

3 

-  X  2  170 

=  482 

3 

Rotating  Parts. 

Driver  number 3  Main  1 

Two-thirds  of  weight  of  reciprocating  parts,  divided  among  three 

drivers 482  482  482 

Main  rod,  weight  on  crank  pin 630      

Side  rod,  weight  on  crank  pin 225  680  224 

Crank  pin 155  405  150 

Crank  pin  liub 142  217  142 

One-half  eccentric  crank 60     

Total 1  004  2  474  998 

Equivalent  weight  required  at  center  of  counterweight,  average 

taken  for  corresponding  wheels 555  1  710  555 

Weight  used 525  1  605  522 

Difference  between  weight  required  and  weight  obtained —    30  —105  —    33 

Equivalent  difference  at  crank  pin  circle —    54  —  152  —    59 

Overbalance  or  underbaiance  at  crank  pin  circle  for  rotating 

parts  only +428  +  330*  +  423 

*  This  becomes  76  lb.  if  the  effect  of  the  rods  and  pin  not  being  in  the  plane  of  ihe 
counterweight  is  considered  to  be  as  described  in  the  text. 

Applying  the  method  already  outlined  for  obtaining  the  effect  of  the 
main  rod  and  side  rod  at  the  plane  of  the  counterweight  by  means  of 
the  factors  found  from  the  dimensions  of  the  driver  and  rods,  as  just 
used  for  the  main  driver  of  the  Santa  Fe  type  locomotive,  it  will  be 
found  that  instead  of  an  overbalance  of  330  lb.  for  the  main  driver,  as 
given  in  Table  2,  there  will  be  an  overbalance  of  76  lb.,  or  in  effect 
nearly  a  balanced  condition.  The  results  of  the  tests  indicate  an 
underbaiance  in  the  main  driver.  There  appears  to  be  an  uncertainty 
in  regard  to  the  accuracy  of  some  of  the  weights  given  in  this  table. 
It  should  be  noted  that  the  effect  upon  the  counterbalance  calculations 
for  the  first  and  third  drivers  due  to  the  plane  of  the  side  rod  not  being 
in  the  plane  of  the  driver  is  not  large,  and  the  error  due  to  neglecting 
this  element  is  inconsiderable.  It  may  be  noted  that  the  larger  diameter 
of  the  driver  of  the  Pacific  locomotive  makes  the  problem  of  counter- 
balance easier  than  for  the  Santa  Fe  type  even  at  speeds  considerably 
higher  than  the  freight  locomotive  would  be  expected  to  take. 

Fig.  2  also  gives  the  spacing  of  drivers  and  the  wheel  loads  of  the 
Mikado  locomotive  of  the  Illinois  Central  Railroad.  The  diameter  of 
the  drivers  was  nominally  63  in.,  but  the  measured  circumference  was 
195  in.    Table  3  gives  the  weights  of  the  rotating  parts  of  the  Mikado 
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locomotives  as  furnished  by  the  Illinois  Central  Eailroad.  Here  the 
consideration  of  the  planes  in  which  the  parts  rotate  reduces  the  over- 
balance for  rotating  parts  given  for  the  main  driver  to  what  would 
appear  to  be  an  approximate  balance.  The  results  of  the  tests  will 
be  found  to  indicate  an  underbalance  for  the  main  driver  instead  of 
a  balance  or  an  overbalance. 

TABLE  3. — Weights  of  Eotating  Parts,  in  Pounds — Mikado  Type 
Locomotive  of  the  Illinois  Central  Railroad. 

D?-iver  number 

60%  of  VFeight'of  reciprocatins  parts 

Main  rod,  weight  on  crank  pin 

Side  rod,  weight  on  crank  pin 

Total  weight  considered 

Equivalent  counterbalaDce  weight  at  crank  pin  in  excess 

of  that  required  to  balance  crank  pin  and  crank  pin  hub. 

Overbalance  at  crank  pin  circle  for  rotating  parts  only. . 

*  This  becomes  an  underbalance  of  15  lb.  if  the  effect  of  the  rods  and  pin  being  in  the 
plane  of  the  counterweight  is  considered  to  be  as  described  in  the  text. 

It  may  be  of  interest  to  note  that  the  dynamic  argument  for  each 
pound  of  underbalance  or  overbalance  considered  to  be  concentrated 
at  the  crank  pin  for  the  three  locomotives  used  amounts  to  33.4  lb.  for 
the  Santa  Fe  type  locomotive  at  a  speed  of  50  miles  per  hour,  30.3  lb. 
for  the  Pacific  type  at  60  miles  per  hour,  and  24.5  lb.  for  the  Mikado 
type  at  45  miles  per  hour;  for  example,  an  underbalance  of  746  lb.  on 
the  Santa  Fe  type  gives  a  dynamic  augment  of  24  900  lb. 

In  all  the  tests  the  locomotives  were  considered  to  be  in  good  con- 
dition. Tires  were  not  worn,  except  for  the  main  driver  of  the  Santa 
Fe  type  (without  flanges)  which  showed  more  or  less  wear.  The  loco- 
motives were  representative  of  those  of  the  same  class  used  on  the  two 
railroads. 

6. — The  Track. — The  tests  on  the  St.  Louis-San  Francisco  Railway, 
made  November  20th  to  December  7th,  1917,  were  conducted  on  a 
section  of  single  track  about  three  miles  west  of  Springfield,  Mo. 
The  rail  was  85-lb.  Am.  Soc.  C.  E.  section,  rolled  in  October,  1906.  The 
rail  section  as  worn  (shown  in  Fig.  3)  had  a  moment  of  inertia  (I) 
of  29.1  in.*  about  a  horizontal  axis,  and  of  6.8  in.*  about  a  vertical 

axis.     The   section   modulus  (  — )  was  12.0  in. ^  about  a  horizontal  axis 


©"• 


and  2.6  in.^  about  a  vertical  axis.  The  ties  were  6  by  8  in.  by  8  ft.,  of 
oak,  spaced  about  20  in.  apart  center  to  center,  twenty  to  a  33-ft. 
rail  length.  There  were  15  in.  of  chats  ballast  of  good  quality.  The 
track  was  in  fair  surface  and  alignment,  and  was  used  as  it  was 
found.  It  had  not  been  tamped  recently,  but  as  freight  trains  are  not 
run  over  this  stretch  of  track  the  effect  of  traffic  is  not  great. 
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The  tests  on  the  Illinois  Central  Kailroad  were  conducted  two  miles 
north  of  Champaign,  111.,  September  19th  to  21st,  1918,  on  the  south- 
bound track  used  in  the  earlier  tests  reported  in  the  first  progress  report 
of  the  Committee  (see  page  1237*  of  the  first  progress  report),  the 
location  being  that  described  as  Section  B.  The  rail  was  85-lb.  Am.  Soc. 
C.  E.  section,  laid  in  1902.  The  rail  section  is  given  in  Fig.  3.  The 
properties  used  in  the  calculations  were  the  same  as  those  given  in  the 
first  progress  report,  27.0  in.*  for  the  moment  of  inertia  about  the  hori- 
zontal axis  and  11.1  in.^  for  the  section  modulus  for  the  remote  fiber 
at  the  base  of  rail.  The  ties  were  the  6  by  8-in.  by  8-ft.  oak,  ties 
which  had  been  specially  prepared  for  this  stretch  of  track.  They  were 
spaced  approximately  20  in.  apart,  20  ties  to  a  33-ft.  rail.  On  the 
section  used  in  the  test  there  was  12  in.  of  stone  ballast.  The  track 
had  not  been  tamped  for  some  time  and  was  not  in  the  best  condition 
of  line  and  surface,  but  it  was  used  in  the  condition  found. 


<- Gauge 


V-'"^^°-l 


C5   LB.  A.S.C.E. 

(WORN) 

oT.  I-O'JIS  AND   SAN   FRANCISCO  RAILWAY 


85   LB.  A.S.C.E. 

(WORN) 

ILLINOIS  CENTRAL  RAILROAD 


Pig.  3. — Sections  of  Rails  Used  in  Tests. 

7,— The  Conduct  of  the  Tests.— The  instruments  used  to  determine 
the  strains  in  the  rail  were  the  stremmatographs  described  in  the  first 
progress  report,  page  1224.*  Four  stremmatographs  were  used  simul- 
taneously. The  methods  employed  were  generally  the  same  as  those 
described  in  the  previous  progress  report.  Fig.  4  shows  the  position  of 
the  instruments  as  used  in  the  tests  on  the  St,  Louis-San  Francisco 
Railway.  Set-ups  a,  c,  and  d  were  on  the  same  rail,  and  Set-ups  I  and  e 
were  on  the  adjacent  rail.  It  will  be  noted  that  in  two  set-ups,  three 
instruments  were  on  the  rail  on  one  side  of  the  track  and  the  fourth 
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Legend  of  Instruments 
A  Instrument  2        .  O  Instrument  4 

D  Instrument  3  X  Instrument  7 


U  U  UlUU  u       u  u  uu  uu  u 


LOCATION  a 

SERIES    1    AND  2 

SANTA  FE  TYPE  LOCOMOTIVE 


LOCATION    h 

SERIES   3  AND  4 

SANTA  FE  TYPE   LOCOMOTIVE 


LOCATION  C 

SERIES   5,  6  AND    7 

PACIFIC  TYPE   LOCOMOTIVE 


UU  uuuuu  u 


LOCATION   d 

SERIES  8,  9  AND   10 

PACIFIC  TYPE   LOCOMOTIVE 


,,nn,-nn,-nn  n  u^. 


LOCATION  e 

SERIES    11    AND   12 

PACIFIC  TYPE   LOCOMOTIVE 


LOCATION   / 
MIKADO  TYPE   LOCOMOTIVE 
Fig.  4. — Position  of  Stremmatographs  in  Tests. 
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was  on  the  rail  of  the  opposite  side.    The  instruments  were  spaced  two, 
three,  and  four  tie  spaces  apart. 

In  the  tests  on  the  St,  Louis-San  Francisco  Railway,  as  it  was  3 
single-track  stretch  of  railroad,  the  two  sides  of  the  track  were  pre- 
sumably the  same  with  respect  to  ballast  and  tamping. 

In  the  principal  tests  made  with  the  Santa  Fe  type  locomotive,  three 
stremmatographs  were  placed  on  the  rail  at  the  right  side  of  the  loco- 
motive and  one  on  the  rail  at  the  left  side  (see  Fig.  4,  location  a).  In 
the  tests  to  determine  the  stresses  developed  at  the  two  sides  of  the 
locomotive,  the  four  instruments  were  placed  on  one  rail,  and  part 
of  the  tests  were  made  with  the  locomotive  running  in  one  direction 
and  part  in  the  other  (see  Fig.  4,  location  6).  In  the  tests  with  the 
Pacific  locomotive,  the  four  instruments  were  placed  on  one  rail  (see 
Fig.  4,  locations  c,  d,  and  e).  In  all  runs  steam  was  shut  off  as  the 
locomotive  approached  the  test  section  of  track.  The  speeds  were 
read  from  a  speedometer  in  the  cab  connected  with  the  tread  of  the 
trailer,  the  instrument  being  checked  up  by  timing  runs  over  a  meas- 
ured length  of  track.  For  each  set  of  tests  the  order  of  speeds  for  con- 
secutive runs  was  the  same,  three  or  four  speeds  being  used  together, 
and  the  record  of  each  three  or  four  runs  at  these  speeds  was  made  on 
one  set  of  discs ;  new  discs  were  then  placed  in  the  instruments. 

The  position  of  the  counterweight  with  respect  to  one  instrument 
was  observed  for  each  run.  The  effort  was  made  to  keep  the  counter- 
weight at  the  same  position  with  respect  to  the  instrument  for  the  three 
or  four  runs  covering  the  three  or  four  speeds  used,  and  then  to  slip 
the  drivers  sufficiently  to  change  the  position  of  the  counterweight  about 
one-fourth  of  a  revolution.  The  slipping  of  the  drivers  in  stopping  and 
starting,  however,  changed  the  position  somewhat.  The  instruments 
were  placed  about  one  driver  diameter  apart  so  that  for  each  instru- 
ment there  was  a  different  position  of  counterweight.  Altogether  the 
tests  give  a  general  distribution  of  position  of  counterweight  over  the 
entire  revolution. 

The  extent  of  the  tests  on  the  St.  Louis-San  Francisco  Railway  was 
limited  by  reason  of  the  difficulty  in  sparing  the  locomotives  from  serv- 
ice, the  demands  of  traffic  at  the  time  being  very  great.  A  larger  num- 
ber of  runs  would  have  added  much  to  the  value  of  the  information. 
The  weather  conditions  were  unfavorable  much  of  the  time. 

The  tests  on  the  Illinois  Central  Railroad  with  the  Mikado  locomo- 
tive were  made  on  the  south-bound  track,  and  in  order  to  get  the  neces- 
sary distance  to  acquire  high  speeds,  the  locomotive  was  run  north- 
ward. Three  stremmatographs  were  placed  on  the  west  rail  (left  side 
of  the  locomotive)  and  one  on  the  east  rail  opposite  the  middle  one  of 
the  instruments.  The  arrangement  is  sho\vn  at  /  in  Fig.  4.  The  three 
instruments  on  the  one  rail  were  placed  about  63  in.  apart,  nearly  one- 
third  the  circumference  of  a  driver. 
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It  should  be  noted  that  the  rail  on  which  these  three  instruments 
were  placed  was  on  the  outer  side  of  the  double  track  and  that,  as  is 
shown  in  the  report  of  the  tests  on  track  depression,  this  side  of  the 
track  was  not  in  as  good  surface  condition  as  the  inner  side.  The  order 
of  the  speeds  was  5,  35,  25,  and  45  miles  per  hour,  and  the  four  con- 
secutive runs  were  recorded  on  the  same  discs.  In  all  runs  steam  was 
shut  off  as  the  locomotive  approached  the  test  section  of  track.  As 
with  the  other  tests,  the  demand  of  traffic  for  locomotives  was  such  as 
to  limit  the  work  of  the  tests.  The  data  secured  seem  sufficient  for  gen- 
eral purposes;  more  tests  would  have  given  a  wider  range  of  infor- 
mation. 

8. — Reduction  of  Data. — The  process  followed  in  the  reduction  of 
the  data  obtained  by  the  stremmatographs  in  the  moving  load  tests  was 
the  same  as  that  which  was  described  in  the  first  progress  report.  The 
stremmatograph  records  were  read  with  a  microscope  fitted  with  a 
micrometer  eyepiece.  Headings  were  taken  for  points  in  the  record 
corresponding  to  the  position  of  wheel  over  instrument  and  to  a  point 
between  wheels.  In  reducing  these  measurements  the  readings  were 
multiplied  by  the  proper  microscopic  constant  and  then  reduced  to 
stresses  by  multiplying  by  a  constant  which  involves  the  value  of  the 
moment  of  inertia  and  the  position  of  the  vertical  axis  of  the  rail  sec- 
tion, the  vertical  distance  of  the  needle-bar  below  the  base  of  rail,  the 
modulus  of  elasticity  of  steel  (taken  as  30  000  000  lb.  per  sq.  in.),  and 
the  gauge  length  (which  was  4  in.).  A  correction  was  also  made  to 
allow  for  the  variation  of  moment  and  stress  over  the  gauge  length.  To 
obtain  the  maximum  stress  at  the  middle  of  the  gauge  length  the  aver- 
age stress  over  the  gauge  length  for  points  corresponding  to  the  position 
of  wheel  over  instrument  was  multiplied  by  the  factor  1.04,  as  was  done 
with  the  tests  recorded  in  the  first  progress  report,  so  that  the  stresses 
reported  at  points  of  positive  moment  are  stresses  in  pounds  per  square 
inch  at  the  base  of  the  rail  at  the  middle  of  the  gauge  length.  The  varia- 
tion over  the  gauge  length  at  points  of  negative  moment  was  slight  and 
no  correction  was  used  for  the  stresses  at  such  points. 

In  general,  the  readings  of  the  two  discs  of  an  instrument,  giving 
stresses  on  two  sides  of  the  rail,  were  averaged  and  the  average  was 
taken  as  the  observation  for  that  instrument  for  the  given  run  for  the 
given  position  of  wheel.  In  case  the  record  on  one  disc  of  an  instru- 
ment was  defective  and  that  on  the  companion  disc  was  clear,  the  one 
good  record  was  generally  also  discarded.  In  case  the  record  of  a  disc 
was  clear  enough  to  be  usable,  the  record  for  all  the  wheels  and  all  the 
runs  on  the  disc  was  usually  measureable,  although  the  line  made  by 
the  truck  and  trailer  was  less  definite  than  that  made  by  the  drivers. 
Sometimes,  however,  not  all  of  the  record  on  a  disc  was  clear;  in  this 
case  the  portion  available  was  used.    For  some  of  the  tests  nearly  one- 
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third  of  the  records  had  to  be  discarded.  It  appears  that  the  disc 
readings  taken  with  the  Santa  Fe  type  locomotive  were  generally  clearer 
than  those  taken  with  the  Pacific  type.  The  conditions  of  the  tests  on 
the  Illinois  Central  were  more  favorable  and  the  records  were  generally 
good.  The  records  at  points  of  negative  moment  were  generally  less 
clear  than  those  at  the  wheels,  and  a  larger  proportion  was  discarded. 

For  any  reading  or  observation,  the  position  of  the  counterweight  of 
the  driver  corresponding  to  the  point  in  the  record  was  found  in  terms 
of  the  part  of  a  revolution  of  the  driver  beyond  the  last  down  position 
of  the  counterweight.  This  was  done  for  each  driver  and  also  for 
trailer  and  front  truck.  In  the  reduction,  the  high  point  of  the  record 
was  assumed  to  have  been  made  when  the  wheel  was  directly  over  the 
instrument. 

The  readings  of  the  stremmatograph  records,  the  reduction  of  the 
data,  and  the  location  of  the  counterweight  with  respect  to  each  instru- 
ment and  each  point  in  the  record  involved  a  large  amount  of  work,  as 
nearly  100  000  readings  were  made. 

The  accuracy  of  the  records  and  their  reduction  is  considered  to  be 
as  good  as  that  of  the  stremmatograph  data  reported  in  the  first  prog- 
ress report. 

It  may  be  noted  that  for  the  rail  used  in  the  tests  on  both  the  St. 
Louis-San  Francisco  Railway  and  Illinois  Central  Railroad  the  stress 
at  the  extreme  fiber  of  the  head  of  rail  is  about  10%  greater  than  that 
in  the  extreme  fiber  at  base  of  rail.  The  latter  has  been  used  in  giving 
results  because  the  width  of  the  base  of  rail  makes  the  stresses  due  to 
lateral  bending  greater  there  than  in  the  head  of  the  rail  and  the  lateral 
bending  stresses  are  great  enough  to  be  significant. 

9. — Tests  on  St.  Louis-San  Francisco  Railway. — Table  4  gives  infor- 
mation on  Series  1  to  12  made  on  the  St.  Louis-San  Francisco  Railway. 
The  injury  done  to  rails  by  the  Santa  Fe  locomotives  soon  after  they 
were  received  from  the  builders  had  given  the  Railroad  Company  some 
concern,  and  the  opportunity  was  taken  to  make  tests  with  what  was 
evidently  a  poorly  balanced  locomotive.  The  weight  on  the  trailer  of 
the  Pacific  locomotive  seemed  excessive,  and  for  a  wheel  well  away  from 
other  wheels  the  stress  developed  in  the  rail  would  be  expected  to  be 
high.  The  bearing  of  the  trailer  at  times  had  run  hot.  The  tests  were 
made  to  obtain  information  on  the  effect  of  speed  and  counterbalance 
with  this  type  of  passenger  locomotive. 

In  Series  1,  the  order  of  runs  in  the  tests  was  5,  25,  and  40  miles  per 
hour  for  Locomotive  No.  22,  and  25,  50,  25,  and  50  miles  per  hour  for 
Locomotive  No.  28.  For  Series  2,  two  sets  were  run, — the  first  at  5,  25, 
and  40  and  the  second  at  25,  50,  25,  and  50  miles  per  hour.  In  Series  3 
and  4  the  order  5,  25,  and  40  was  used.  For  all  series  with  the  Pacific 
type  locomotive,  the  order  was  5,  45,  and  60  miles  per  hour. 
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TABLE  4. — Tests  on  the  St.  Louis-San  Francisco  Railway. 


Series 
number. 

Type  of 

Locomo  - 

Position  of 

Location  of  Test. 

locomo- 

tive 

piu  in  equal- 

Remarks. 

tive. 

number. 

izer  bar. 

1 

First  location... . 

Santa  Fe 

22,  28 

General  series  with   loco- 

motive as  received  from 

builders. 

2 

Lk                          IC 

;(           11 

19 

Reciprocating  and  rotating 
parts  lightened. 

3 

Seconct  location.. 

u              I. 

22 

Instruments  all  under  right 

side  of  locomotive. 

4 

" 

li           11 

23 

Instruments  all  under  left 

side  of  locomotive. 

5 

First  location. 

Pacific... 

1061 

Rear  hole 

Locomotive  with  stoker 
added. 

6 

>>            11 

•  ' 

1061 

Middle  hole 

Do. 

7 

"            " 

" 

1063 

Rear  hole 

Rotating  and  reciprocating 
parts  lightened. 

8 

"            I. 

" 

1063 

Middle  hole 

Do. 

9 

11            Ik 

" 

1067 

Middle  hole 

General  series. 

10 

11            11 

" 

1065 

Rear  hole 

a                 .1 

11 

Second  location.. 

" 

1066 

Middle  hole 

'■                 " 

12 

1067 

Rear  hole 

The  tests  were  not  made  in  the  order  of  the  numbers  of  the  series; 
instead,  the  locomotives  were  taken  as  the  demands  of  traflBc  or  mat- 
ters of  convenience  permitted.  In  the  discussion  which  follows  the  series 
are  grouped  for  the  consideration  of  effect  of  speed  and  counterbalance, 
eifect  of  lightening  rotating  parts,  stress  under  the  two  sides  of  the 
locomotive,  and  general  comparisons. 

10. — The  Santa  Fe  Type  Locomotive;  Ejfect  of  Speed  and  Counter- 
balance.— The  typical  effect  of  the  combination  of  speed  and  counterbal- 
ance upon  stresses  in  rail  for  Series  1  with  the  Santa  Fe  type  locomo- 
tives is  shown  in  Fig.  5,  which  gives  sample  curves  for  the  main  driver 
taken  from  the  plotted  results  of  the  tests  with  the  Santa  Fe  type  loco- 
motive from  the  data  of  the  instruments  on  the  rail  on  the  right  side 
of  the  locomotive  only.  The  ordinates  of  the  diagram  represent  stresses 
at  the  base  of  the  rail  in  pounds  per  square  inch.  The  abscissas  rep- 
resent the  position  of  the  counterweight  at  the  time  the  wheel  passed 
over  the  instrument  with  respect  to  its  down  position,  the  scale  being 
in  fractions  of  a  complete  revolution  of  the  wheel.  The  curves  rep- 
resent the  average  of  the  results  of  the  several  runs  at  each  speed.  For 
a  speed  of  5  miles  per  hour  the  values  are  represented  by  a  straight  line, 
since  the  variation  from  it  is  small.  As  the  driver  is  underbalanced, 
in  general  the  greatest  stress  in  the  rail  is  developed  when  the  counter- 
weight is  at  its  high  position.  At  a  speed  of  50  miles  per  hour,  it  is 
noted  that  the  maximum  value  of  the  curve  is  44  700  lb.  per  sq.  in. 
and  the  minimum  value  14  000  lb.  per  sq.  in.  The  line  marked  "mean 
value  of  50  miles  per  hour  curve"  is  the  average  ordinate  of  the  curve. 
The  variation  above  and  below  this  line  may  be  considered  to  be  due 
largely  to  the  lack  of  balance  of  the  rotating  parts. 
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The  difference  between  the  mean  value  of  the  stress  found  from  the 
curve  for  50  miles  per  hour  and  the  stress  at  5  miles  per  hour  may  be 
considered  to  be  largely  the  effect  of  speed  without  reference  to  effect 
of  rotating  parts,  (quite  frequently  called  impact  effect  or  speed  effect), 
though  part  may  be  due  to  lack  of  balance  of  rotating  parts.  The 
dotted  line  of  the  figure  was  obtained  by  the  use  of  the  common  formula 
for  the  vertical  pressure  of  a  rotating  part,  the  calculation  here  being 
modified  to  touch  the  curve  for  50  miles  per  hour  at  its  high  and  low 
points.  It  will  be  noted  that  the  form  of  the  observed  curves  is  more 
pointed  than  is  the  curve  calculated  by  analytical  methods,  and  also  that 
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Position  of  Counterweight  in  Parts  of  a  Revolution 

Fig.  5. — Stress   in    Rail   at    Main    Driver   of    Santa    FiS    Type    Locomotive 
Throughout  a  Revolution. 

the  mean  value  of  the  curve  is  generally  below  the  median  point  of  the 
curve.  These  differences  are  characteristic  of  many  of  the  tests,  though 
it  appears  that  there  are  as  many  cases  where  the  observed  curve  is 
less  pointed  than  the  analytical  curve  as  for  more  pointed  curves. 

As  examples  of  the  test  data,  the  test  results  for  Series  1  with  the 
Santa  Fe  type  locomotive  for  four  speeds  for  the  main  driver  and  Driver 
No.  4,  and  for  one  speed  for  the  other  drivers  and  the  trailer  are  plotted 
in  Figs.  6  to  11.  Results  given  by  the  several  instruments  are  indicated 
by  individual  symbols,  which  are  explained  in  Fig.  4.  The  curves  rep- 
resenting the  stress  for  a  given  speed  throughout  an  entire  revolution 
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were  formed  by  first  averaging  the  values  of  the  plotted  points  in 
groups  for  each  twentieth  of  a  revolution  and  then  drawing  a  curve 
to  represent  as  well  as  possible  the  position  and  trend  of  these  points. 
As  in  this  series  there  were  more  runs  at  25  miles  per  hour  and  less 
at  50  miles  per  hour  than  at  the  other  speeds,  the  data  points  for  a 
speed  of  25  miles  per  hour  are  most  numerous,  and  those  for  50  miles 
per  hour  the  least  numerous,  the  number  at  the  latter  speed  being 
only  about  haK  that  at  5  miles  per  hour  or  40  miles  per  hour.  As  may 
be  expected,  at  a  speed  of  5  miles  per  hour  the  variation  in  stress  due 
to  other  causes  is  so  much  greater  than  that  due  to  effect  of  counter- 
balance as  to  mask  any  effect  of  counterbalance,  and  accordingly  a 
straight-line  average  of  all  the  points  has  been  used  for  all  the  wheels 
for  the  speed  of  5  miles  per  hour.  In  each  case  a  line  has  been  drawn 
above  the  average  curve  and  one  below  it  which  together  form  the  limits 
of  a  belt  which  includes  most  of  the  observed  points.  The  distribution 
of  these  points  vertically  over  the  belt  generally  is  fairly  uniform  when 
there  are  fifty  or  more  points  in  the  diagram.  In  some  cases,  with 
insufiiciency  of  data,  the  points  are  quite  scattered.  The  line  repre- 
senting the  average  ordinate  for  the  curves  is  marked  "mean  value  of 
curve" ;  the  line  representing  the  average  stress  at  5  miles  per  hour  has 
also  been  drawn.  The  diagrams  include  the  results  for  the  instrument 
on  the  left  rail,  although  as  shown  in  Article  12  on  "Comparison  of 
Stresses  under  the  Two  Sides  of  the  Santa  Fe  Type  Locomotive",  the 
stresses  in  rail  on  the  two  sides  of  the  locomotive  differed  considerably. 

Fig.  12  gives  the  stress  in  base  of  rail  throughout  a  revolution  of 
driver  for  all  the  drivers  and  the  trailer  for  Series  1,  obtained  as 
described  in  the  preceding  paragraph.  These  curves  then  represent 
the  average  stress  for  any  given  position  of  counterweight.  It  should 
be  borne  in  mind  that  the  observed  points  are  not  always  well  distrib- 
uted in  the  plots  from  which  these  average  curves  were  formed  (such 
as  are  shown  in  Fig.  9)  and  in  some  cases  there  is  indefiniteness  in  the 
data,  which  makes  the  forming  of  the  curve  difficult  and  somewhat 
uncertain.  It  may  be  added  that  the  numbers  of  observed  points  in  the 
plots  are  generally  not  sufficient  to  establish  very  definitely  the  position 
of  the  maximum  and  minimum  points  on  the  curve  with  reference 
to  the  position  of  the  counterweight  in  its  revolution. 

Fig.  13  gives  the  stresses  in  rail  under  the  wheels  for  the  high  point 
and  the  low  point  of  the  curves  of  Fig.  12.  The  stresses  for  negative 
moment  between  wheels  are  also  given;  for  some  of  the  wheels  no 
especially  marked  difference  throughout  the  revolution  was  found  and 
the  mean  of  the  observed  stresses  for  negative  bending  moment  is 
reported.  Not  enough  difference  was  found  under  the  front  truck 
wheel  throughout  the  revolution  to  warrant  giving  more  than  a 
straight-line  average  for  the  stress  at  this  wheel.  A  similar  condition 
was  found  under  the  trailer  for  a  speed  of  25  miles  per  hour,  but  at  the 
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Fig.  6. — Observed  Values  of  Stress  in  Rail  with  Santa  Ffi  Type 
Locomotive  of  the  St.  Louis-San  Francisco  Railway. 
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Pig.  8. — Observed  Values  of  Stress  in  Rail  with  Santa  Ffi  Type 
Locomotive  of  the  St.  Louis-San  Francisco  Railway. 
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Fig.  9. — Observed  Values  of  Stress  in  Rail  with  Santa  Ffi  Type 
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162 


STRESSES    IN    RAILROAD    TRACK 


[Papers. 


40  000 


30  000 


20  000 


si  10  000 


20  000 


10  000 


0.5      O.C        0.7        0.8        0.9         1.0        0.1        0.2         0.3       0.4 
Position  of  Counterweight  In  Parts  of  a  Revolution 

P^G.  10. — Observed  Values  of  Stress  in  Rail  with  Santa  Ffi  Type 
Locomotive  of  the  St.  Louis-San  Francisco  Railway. 
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Fig.  11. — Observed  Values  of  Stress  in  Rail  with  Santa  Ffi  Type 
Locomotive  of  the  St.  Louis-San  Francisco  Railway. 
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higher  speed  a  noticeahle  variation  exists,  the  high  point  of  the  curve 
occurring  some  time  after  the  counterweights  of  the  drivers  have 
passed  their  high  position. 

In  Table  5  are  given  the  numerical  values  of  the  stress  in  rail  under 
the  several  wheels  as  shown  in  Fig.  13.  The  mean  values  given  are  the 
mean  values  taken  from  the  curves  of  Fig.  12  for  an  entire  revolution. 

In  Table  6  are  given  ratios  calculated  from  the  data  of  Table  5. 
S^  is  the  average  stress  in  rail  at  5  miles  per  hour.  S^.,  S^^,  and 
*S^5Q  are  the  stresses  in  rail  at  the  high  point  of  curve  for  25,  40,  and  50 
miles  per  hour,  respectively.     8,^  is  the  stress  found  by  taking  the  mean 
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Fig.  12. — Curves  of  Average  Stress  in  Rail  Throughout  Revolution 

OF  Driver,  Series  1,  Santa  F6  Type  Locomotive  of  the 

St.  Louis-San  Francisco  Railway. 

ordinate  of  the  curve  for  the  speed  used,     —f^  (called  total  ratio),  may 

be  considered  to  represent  the  total  effect  of  change  in  speed  from  5  to 
50  miles  per  hour,  including  the  speed  or  impact  effect  and  the  effect 

of   counterbalance.     — p  (the   speed   effect    ratio)   may  be  considered  to 

represent  the  effect  of  speed  as  distinguished  from  effect  of  counterbal- 

ance.      -^^— — —  (the  counterbalance  effect)  may  be  considered  to  rep- 

resent  the  effect  (increase  or  decrease)  which  may  be  attributed  to  coun- 
terbalance. The  division  into  speed  effect  and  counterbalance  effect  in 
this  way  is  quite  imperfect,  but  may  be  of  service  in  helping  to  judge  of 
these  two  effects. 
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TABLE  5. — Stresses  in  Rail  with  Santa  Fe  Type  Locomotive  of  the 

St.  Louis-San  Francisco  Railway — Maximum,  Minimum, 

AND  Mean  Values  from  Curves  for  Series  1. 

Stresses  are  given  in  pounds  per  square  inch  at  base  of  rail. 


Speed, 

in  miles 

per 

liour. 


25 


40 


50 


Position 

of  counier- 

weight. 


Mean  value. . 


Up 

Down 

Mean  value. 


Up 

Down 

Mean  value. .. 


Up 27  ono 

Down 20  800 

Mean  value...      23  900 


Trailer. 


15  300 


18  000 

22  400 
15  600 
lb  000 


Calculated  additional 
stre.ss  due  to  counter- 
balance at  50  miles 
per  hcur 


Driver  Number. 


12  700 

15  600 
20  300 
ir  700 

13  000 

20  800 
17  2U0 

19  300 
28  600 
23  100 


8  100 


9  600 

11  400 

15  600 
14.300 

10  400 
21  300 

16  100 

15  100 

26  500 
18  900 


11  400 


Main. 


12  500 

24  500 
12  000 

17  300 

82  200 

10  900 

18  700 

46  800 

11  400 
23  900 


12  000 
15  600 

13  500 

10  400 
17  700 
13  500 

11  400 
25  500 
17  900 


11  300 


12  500 

15  600 

18  700 
17  300 

11  500 
20  800 
15  300 

13  500 
20  000 

19  100 


8  100 


Front 
truck 
wheel. 


7  900 


11  900 


11  400 


15  600 


700 


Ratios  for  calculated  effect  of  counterbalance  in  producing  stress  in 
rail  are  also  given  in  Table  6.  These  were  obtained  by  dividing  the 
calculated  resulting  upward  or  downward  pressure  effect  due  to  the 
dynamic  augment  of  the  rotating  parts  at  the  given  speed  by  the  static 
load  pressure,  the  effect  of  all  adjacent  wheels  upon  moment  and  stress 
being  considered  in  determining  both  static  effect  and  counterbalance 
effect,  as  has  already  been  referred  to  in  the  Article  4,  "The  Problem  of 
Counterbalancing  the  Locomotive".  To  make  clearer  the  method  of 
calculation  used  in  determining  the  calculated  counterbalance  ratio,  as 
affecting  the  moments  and  stresses  in  rail,  the  following  examples  may 
be  cited. 

A  reference  to  the  principles  given  in  the  analysis  of  track  action  in 
the  first  progress  report  (pages  1203  to  1215)  will  show  that  the  moment 
and  therefore  the  stress  produced  by  a  combination  of  wheel  loads  may 
be  found  by  calculating  the  load  for  a  single  wheel  which  is  equivalent 
to  the  combined  effect  of  the  several  wheels  in  moment-producing 
effect,  and  using  the  resulting  load  (which  will  be  termed  the  equivalent 
single  wheel  load)  in  the  formula  for  bending  moment  in  the  rail.  This 
formula  for  bending  moment  in  rail  then  is  M^  =  0.318  Px^  (Equation 
(8),  p.  1205  of  the  first  progress  report),  where  P  is  the  equivalent  sin- 
gle wheel  load  and  x^  is  the  distance  from  wheel  load  to  point  of  zero 
bending  moment  in  rail  for  a  single  wheel  load  on  the  track  in  question. 

The  calculation  of  the  equivalent  single  wheel  load  may  then  be  made 
by  adding  algebraically  to  the  load  on  the  wheel  itself  the  effect  of  the 
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adjoining  wheels,  much  as  was  done  by  means  of  ratios  on  page  1210  of 
the  first  progress  report,  since  the  combined  eSect  is  the  algebraic  sum 
of  the  effects  of  the  individual  wheel  loads.  Thus,  for  the  Santa  Fe  type 
locomotive,  the  equivalent  single  wheel  load  for  finding  moments  and 
stresses  under  the  main  driver  for  static  loading  by  this  method  would  be 
found  as  follows,  using  x^  =  29.3  in.,  and  taking  values  of  coefficients  cor- 
responding to  the  effect  at  various  distances  found  on  the  master  diagram 
for  bending  moments  given  in  Fig.  5,  page  1207  of  the  first  progress 
report : 

Main  driver  load +  31  600 

Effect  of  first  driver  —  =  4.30  29  500  X  (—  0.03)  —  900 
Effect  of  second  driver  —  =  2.15  28  100  X  (—  0.21)  —  5  900 
Effect  of  fourth  driver  —  =  2.15       29  600  X  (—  0.21)  —    6  200 

Effect  of  fifth  driver      —  =  4.30       29  200  X  (—  0.03)  —       900 

Equivalent  single  wheel  load  at  position  of  main  driver.  . .  +  17  700 

The  equivalent  additional  single  wheel  load  (positive  or  negative) 
due  to  counterbalance  for  a  speed  of  50  miles  per  hour,  for  use  in  calcu- 
lating the  additional  stress  in  rail  due  to  counterbalance,  would  be 
found  as  follows.  For  the  counterbalance  used  in  the  calculations  the 
upward  and  downward  pressures  at  50  miles  per  hour,  the  dynamic  aug- 
ments of  the  rotating  parts,  were  calculated  to  be  -|-  12  300,  -|-  12  400, 
—  24  900,  +12  400,  and  -f  12  300  lb.  for  the  first,  second,  third, 
fourth,  and  fifth  drivers,  respectively.  The  equivalent  additional  single 
wheel  load  at  the  main  driver,  which  may  be  attributed  to  the  counter- 
balance will  first  be  calculated  for  the  counterweight  up.  For  this  posi- 
tion underbalance  is  counted  as  positive,  since  it  produces  additional 
downward  pressure  when  the  counterweight  is  up,  and  overbalance  on 
the  adjacent  driver  is  counted  as  negative  since  it  increases  the  pressure 
on  that  wheel  and  thus  lightens  the  effect  at  the  wheel  under  considera- 
tion. The  values  of  the  factors  used  are  taken  from  Fig.  5  of  the  first 
progress  report. 

Dynamic  augment  of  main  driver -|-  24  900 

Effect  of  dynamic  augment  of  first  driver.  . .  12  300  X  0.03  -f  400 
Effect  of  dynamic  augment  of  second  driver.  12  400X0.21  -|-  2  600 
Effect  of  dynamic  augment  of  fourth  driver.  12  400X0.21  -j-  2  600 
Effect  of  dynamic  augment  of  fifth  driver ...  12  300  X  0.03  -f  400 
Equivalent  additional  single  wheel  load  at  position  of  main 

driver    +30  900 

Equivalent  static  wheel  load +17  700 

Total  equivalent  single  wheel  load  at  50  miles  per  hour.  ...    +48  600 
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Hence  the  following  ratio  is  obtained: 

Equivalent  additional  single  wheel  load  at  50  m.  p.  h.        30  900  „ . 

Equivalent  static  single  wheel  load  17  700 

This  ratio  represents  the  moment-making  effect  of  the  counterbal- 
ance expressed  in  terms  of  the  moment-making  load  under  static  condi- 
tions ;  it  may  be  considered  that  the  stress  in  rail  will  increase  as  this 
ratio  if  the  assumptions  involved  in  the  analysis  are  not  modified  by 
other  features. 

For  counterweight  down  the  effects  of  the  counterbalance  for  the 
wheels  adjoining  the  main  driver  will  each  be  negative  instead  of  posi- 
tive, and  the  total  equivalent  static  wheel  load  is  —  30  900  -|-  17  700  = 

30  700 

—  13  200.      The  ratio  for   the  counterweight  down  then  is — 

°  17  700 

=  — 1.74.     The  negative  moment  in  rail  here  indicated  should  not  be 

taken  to  mean  that  there  is  negative  pressure  or  no  pressure  on  the  rail 

at  the  main  driver,  or  that  the  rail  is  not  depressed;  the  pressure  of 

the  main  driver  on  the  rail  by  the  analysis  used  would  be  6  700  lb.  for 

the  assumed  condition.     The  rail  depression  would  be  that  due  to  a 

single  wheel  load  of  13  500  lb. 

For  the  fourth  driver  the  calculations  for  static  load  are : 

Fourth  driver  load +  29  600 

Effect  of  second  driver  ^  =  4.30       28  100  X  (—  0.03)  —        800 
Effect  of  main  driver     —  =  2.15       31  GOO  X  0.21  —    6  600 

Effect  of  fifth  driver      -^  =  2.15       29  200  X  0.21  _    6  100 

Equivalent  single  wheel  load  at  position  of  fourth  driver. .  +  16  100 

The  equivalent  additional  single  wheel  load  at  the  fourth  driver, 
which  may  be  attributed  to  counterbalance,  for  counterweight  up,  is 
found  as  follows : 

Dynamic  augment  of  fourth  driver —  12  400 

Effect  of  dynamic  augment  of  second 

driver    —  12  400  X  (—  0.03)  +        400 

Effect  of  dynamic  augment  of  main 

driver    24  900  X  (—  0.21)  —     5  200 

Effect  of  dynamic  augment  of  fifth 

driver    —  12  300  X  (—  0.21)  +     2  600 

Equivalent  additional  single  wheel  load  at  position  of  fourth 

driver    —  14  600 

Equivalent  static  wheel  load +  16  100 

Total  equivalent  single  wheel  load  at  50  miles  per  hour. ...     +     1  500 
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The  ratio  of  equivalent  additional  single  wheel  load  at  50  miles  per 

hour  to  equivalent  static  single  wheel  load  (calculated  counterbalance 

,    .    .         14  600 

ratio)  then  is  — =  —  0.91. 

^  16  100 

For  counterweight  down  the  total  equivalent  single  wheel  load 
becomes  +  30  700  and  the  counterbalance  ratio  +  0.91. 

Values  of  the  calculated  efiect  of  counterbalance,  obtained  by  the 
method  described,  are  given  in  Table  6  for  all  the  drivers  and  the 
trailer  and  for  three  speeds.  The  values  in  effect  give  the  ratio  of  the 
calculated  stress  in  rail  due  to  counterbalance  to  the  stress  in  rail  due 
to  static  loading. 

The  calculated  stress  in  rail  due  to  static  loading  and  to  counter- 
balance may  be  found  of  course  by  applying  the  equivalent  single 
wheel  load  obtained  as  above  in  Equation  (8)  of  the  first  progress 
report  giving  the  bending  moment  in  rail,  M^  =  0.318  P  x^,  and  sub- 
stituting the  value  of  the  section  modulus  of  the  rail  used.  Values  so 
computed  are  given  in  the  tables. 

The  data  of  the  tests  given  in  the  figures  and  tables  for  the  Santa 
Fe  type  locomotive  show  considerable  variations  in  stress  with  changes 
in  speed.  For  the  position  of  counterweight  which  gives  maximum 
effect  (counterweight  up  for  the  main  driver  and  counterweight  down 
for  the  other  drivers)  there  is  a  material  increase  in  stress  with  increase 
in  speed,  particularly  at  the  main  driver  where  the  stress  at  50  miles 
per  hour  is  46  800  lb.  per  sq.  in. ;  a  ratio  of  3.75  to  the  stress  found  at 
5  miles  per  hour.  For  the  opposite  position  of  counterweight  the  change 
in  stress  with  increase  in  speed  is  generally  small,  with  several  cases 
of  decrease  in  stress. 

The  ratios  given  in  Table  6  permit  some  comparison  to  be  made  on 
the  effect  of  speed  and  of  counterbalance  taken  separately,  though,  as  has 
been  stated,  the  method  of  separation  is  somewhat  crude.  By  this 
method  of  separation,  the  effect  of  speed  alone  at  50  miles  per  hour  is  to 
give  an  additional  stress  in  rail  above  the  stress  at  a  speed  of  5  miles 
per  hour  which  varies  from  53  to  98  per  cent.  The  main  driver  shows 
the  greatest  increase  due  to  speed.  The  increase  in  stress  due  to 
counterbalance  for  the  position  which  gives  maximum  effect  does  not 
vary  greatly  from  the  ratios  for  calculated  effect  of  counterbalance ;  for 
some  drivers  it  is  more  and  for  others  less.  For  the  main  driver  the 
increase  in  stress  at  50  miles  per  hour,  due  to  speed  alone,  is  92% 
of  the  stress  found  at  5  miles  per  hour.  For  the  opposite  position  of 
counterweight  the  stress  is  generally  greater  than  that  which  would 
be  expected  from  calculations  of  counterbalance  effect.  It  is  to  be 
expected  that  the  results  will  show  irregularities  and  that  variations  will 
occur.  The  deflection  of  the  locomotive  springs  and  the  depression  of 
track  will  change  in  amount  at  each  wheel  with  the  changing  pressure 
as   the   position    of    counterweight   changes,    and   these    changes   will 
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influence  the  pressures  in  the  rail.  Such  changes  may  be  relatively 
large  at  the  main  driver  and  adjoining  drivers  since  the  lack  of  balance 
for  adjoining  drivers  is  in  opposite  directions.  The  effect  of  the 
equalizing  levers  in  transferring  load  to  adjoining  wheels  complicates 
the  situation  and  may  account  for  some  variations  in  stress. 

For  a  speed  of  40  miles  per  hour,  relations  similar  to  those  found 
at  50  miles  per  hour  exist.  The  stress  found  under  the  main  driver  is 
2.58  times  that  at  a  speed  of  5  miles  per  hour  and  the  counterbalance 
effect  itself  results  in  doubling  the  stress  in  rail.  At  25  miles  per, 
hour,  the  combined  effect  of  speed  and  couiiterbalance  nearly  doubles 
the  stress  under  the  main  driver,  58%  of  this  increase  apparently 
being  attributable  to  effect  of  counterbalance.  The  ratios  for  speed  and 
for  counterbalance  effect  at  this  speed  are  similar  to  those  found  for 
50  miles  per  hour. 

It  may  be  noted  that  had  the  readings  on  the  right  side  of  the 
locomotive  only  been  used  in  this  comparison  the  stresses  at  the 
several  speeds  would  have  been  lower  and  the  ratios  in  Table  6  would 
have  been  higher.  Considering  the  uncertainty  concerning  the  weights 
of  the  rotating  parts  and  especially  that  concerning  their  exact  dis- 
tribution among  the  several  drivers,  it  cannot  be  expected  that  a  closer 
comparison  may  be  made.  The  effect  of  speed  at  50  miles  per  hour  is 
to  give  an  increase  in  rail  stresses,  ranging  from  50  to  100%, 
and  the  effect  of  counterbalance  in  producing  increased  stress  is  close 
to  that  obtained  by  the  method  of  calculation  used. 

The  calculation  for  effect  of  counterbalance  at  the  main  driver  given 
on  page  36  indicates  that  when  the  counterweight  is  down,  the  combined 
effect  of  driver  loads  and  counterbalance  effect  would  produce  a  negative 
moment  in  the  rail  at  the  main  driver,  and  this  negative  moment  might 
be  expected  if  the  effect  of  speed  did  not  itseK  contribute  to  a  positive 
moment  at  the  wheel.  This  effect  of  speed  is  so  large  that  in  all  the 
tests  the  stress  at  the  main  driver  with  counterweight  down  indicates 
the  presence  always  of  a  positive  bending  moment.  The  foregoing 
relates  to  stress  and  bending  moment — the  calculated  rail  pressure 
and  rail  depression  have  to  be  treated  separately  from  stress  and 
moment ;  even  without  the  effect  of  speed  there  is  no  indication  from  the 
calculations  given  that  the  wheel  would  leave  the  rail. 

Attention  is  called  to  the  variation  in  stress  at  the  trailer  for  the 
higher  speeds.  There  is  an  appreciable  change  in  stress  as  the  counter- 
weights of  the  drivers  change  position.  The  maximum  stress  occurs 
somewhat  after  the  counterweight  has  reached  its  high  position.  Due 
to  the  large  load  on  the  trailer,  its  distance  from  other  wheels,  and  the 
effect  of  counterbalance,  the  stress  at  this  wheel  is  high,  the  highest  of 
any  except  that  at  the  main  driver  and  except  for  the  fifth  driver  at 
5  miles  per  hour.  The  data  of  Series  2  will  be  found  to  give  similar 
results.     The  time  at  which  the  maximum  stress  is  found  ranges  from 
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the  counterweight  at  six-tenths  of  a  revolution  after  the  counterweight 
is  down  to  eight-tenths  of  a  revolution ;  it  occurs,  therefore,  between  the 
positions  of  counterweight  which  give  the  minimum  and  the  maximum 
stress  at  the  driver  ahead  of  the  trailer. 

It  will  be  remembered  that  the  values  of  stresses  in  rail  con- 
sidered in  the  foregoing  discussion  were  taken  from  the  curves  of 
averages  and  that  the  band  which  enclosed  the  greater  number  of  the 
observations  extends  3  000  or  5  000  lb.  per  sq.  in.  above  the  curve  and 
a  similar  distance  below  it.  Above  and  below  this  band  are  other 
observed  points,  and  the  average  of  these  outlying  points  is  still  3  000 
lb.  per  sq.  in.  above  and  below  the  limit  of  the  bands.  It  may  be 
expected  that  values  may  frequently  be  developed  which  are  3  000  or 
5  000  lb.  per  sq.  in.  higher  or  lower  than  those  used  in  the  discussion  and 
that  not  infrequently  values  of  3  000  lb.  per  sq.  in.  still  greater  or  less 
will  be  found.  Values  6  000  to  8  000  lb.  per  sq.  in.  greater  than  the 
stresses  given  in  the  discussion  tlierefore  may  be  expected  not 
infrequently, 

11. — The  Santa  Fe  Type  Locomotive;  Rotating  Parts  Lightened.^ 
In  an  effort  to  reduce  the  injurious  effect  of  the  Santa  Fe  type  loco- 
motives upon  the  track,  the  Railroad  Company  lightened  certain  of  the 
rotating  and  reciprocating  parts  of  locomotive  No.  19  by  cutting  away 
metal  at  various  places.  A  series  of  runs  were  made  with  this  loco- 
motive (Series  2)  and  comparisons  will  be  made  with  the  results  of 
Series  1  which  have  been  described  in  the  preceding  article.  In  making 
a  comparison  it  should  be  borne  in  mind  that  the  results  found  with  two 
locomotives  of  nominally  the  same  construction  may  differ  considerably. 
The  tests  of  Series  1,  with  locomotives  as  received  from  the  builders, 
were  made  with  two  locomotives,  Nos.  22  and  28.  The  tests  of  Series 
2  were  made  at  the  same  place  in  the  track,  with  the  instruments  dis- 
tributed in  the  same  way,  and  the  conditions  of  the  test  were  much  the 
same.  The  readings  from  the  instrument  on  the  left  rail  were 
included  in  the  data  used,  as  was  the  case  for  Series  1. 

The  statement  from  the  office  of  the  General  Superintendent  of 
Motive  Power  shows  reductions  in  weight  of  rotating  parts  as  follows : 
back  end  of  main  rod  (considered  to  be  tributary  to  the  main  driver 
in  calculating  its  dynamic  augment),  42  lb.;  front  end  of  side  rod 
(tributary  to  first  driver),  no  change;  front  intermediate  side  rod  (tribu- 
tary to  second  driver),  20  lb.;  middle  connecting  side  rod  (tributary  to 
main  driver),  75  lb.;  back  intermediate  side  rod  (tributary  to  fourth 
driver),  20  lb.;  back  end  side  rod  (tributary  to  fifth  driver),  no  change. 
Eighty-six  pounds  of  metal  were  taken  from  the  piston ;  52  lb.  from  the 
cross-head,  and  34  lb.  from  the  front  end  of  the  main  rod,  but  whatever 
the  effect  of  the  lightening  of  these  reciprocating  parts  on  the  loco- 
motive itself  and  on  the  effect  of  speed  upon  the  track,  this  reduction 
does  not  alter  the  effect  of  rotating  parts. 
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In  computing  the  effect  of  counterbalance  for  Locomotive  No.  19, 
the  weights  of  rotating  parts  given  in  Table  1,  page  15,  were  reduced  by 
the  amounts  given  above.  The  equivalent  counterbalance  at  the  pin 
of  the  main  driver  is  629  lb.  instead  of  746  lb.  and  that  of  the  second 
and  fourth  driver  390  instead  of  370  lb.  It  will  be  seen  that  the 
underbalance  of  the  main  driver  is  decreased  and  the  overbalance  (for 
rotating  parts)  of  the  other  two  drivers  named  is  increased,  the  first 
and  fifth  drivers  not  having  any  change.  The  effect  of  the  increase  of 
overbalance  of  the  second  and  fourth  drivers  upon  the  stress  under 
these  two  drivers  is  nearly  neutralized  by  the  influence  of  the  decrease 
in  underbalance  of  the  main  driver,  and  calculations  indicate  that  the 
resulting  effect  at  the  second  and  fourth  drivers  is  negligible.     The  cal- 

Trailer        5th  Driver      4th  Driver  Main  2nd  Driver       1st  Driver 
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Position  of  Counterweight  in  Parts  of  a  Revolution 

Pig.  14. — Curves  of  Average   Stress  in  Rail  Throughout  Revolution  of 
Driver,  Series  2,   Santa  Ffi  Type  Locomotive  of  the 
St.  Louis-San  Francisco  Railway. 

culated  effect  at  the  main  driver  however  will  be  to  decrease  the  stress 
in  rail  due  to  dynamic  augment  about  11  per  cent.  The  calculated 
decrease  in  stress  in  rail  at  the  main  driver  for  these  conditions  would 
be  1  800  lb.  per  sq.  in.  at  40  miles  per  hour  and  2  800  lb.  per  sq.  in.  at 
50  miles  per  hour. 

Fig.  14  gives  the  stress  in  base  of  rail  throughout  a  revolution  of 
driver  for  all  the  drivers  and  the  trailer  for  Series  2,  obtained  in  the 
same  way  as  were  those  already  given  for  Series  1,  and  Fig.  15  gives 
the  value  of  the  stresses  in  base  of  rail  at  the  various  wheels  for  the 
high  point  and  the  low  point  of  these  stress  curves.  Table  7  gives 
numerical  values  of  these  stresses,  as  well  as  the  values  of  the  mean 
stress  for  the  several  stress  curves.     In  Table  8  are  given  ratios  which 
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TABLE  7. — Stresses  in  Rail  with  Santa  Fe  Type  Locomotive  of  the 

St.  Louis-San  Francisco  Eailway — Maximum,  Minimum, 

AND  Mean  Values  from  Curves  for  Series  2, 

Parts  Lightened. 

Stresses  are  given  in  pounds  per  square  inch  at  base  of  rail. 
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may  be  considered  to  express  the  effect  of  speed  and  the  effect  of  coun- 
terbalance. These  correspond  to  the  ratios  given  in  Table  6.  Ratios 
expressing  the  calculated  relative  effect  of  counterbalance  are  also  given. 

Comparisons  of  the  two  series  to  determine  effect  of  counterbalance 
have  less  value  because  the  locomotives  used  in  the  two  series  give 
somewhat  different  speed  effects  and  different  distributions  of  stress 
under  the  several  drivers,  the  increase  in  mean  stress  over  that  at  5 
miles  per  hour  being  generally  smaller  in  Series  2  than  in  Series  1.  The 
advantage  obtained  through  lightening  the  rotating  parts  may  be  shown 
by  comparing  the  stress  at  the  main  driver  with  the  average  of  the 
stresses  at  the  adjacent  drivers,  taking  into  account  also  the  differences 
in  stress  which  exist  at  5  miles  per  hour  for  the  two  series,  differences 
which  may  be  due  to  a  different  distribution  of  load  among  the  drivers 
in  the  locomotives.  For  both  counterweight  up  and  counterweight  down 
the  difference  between  the  stress  at  the  main  driver  and  the  average  of 
the  stresses  at  the  adjacent  drivers  is  substantially  less  for  Locomotive 
Xo.  19  than  for  the  other  two  locomotives ;  this  is  true  at  speeds  of  40 
and  50  miles  per  hour  to  an  amount  beyond  the  difference  in  stress  at 
these  drivers  for  5  miles  per  hour. 

The  effect  of  the  lightening  of  rotating  parts  is  seen  also  by  com- 
paring the  differences  between  maximum  stress  and  mean  stress  for  the 
main  driver  and  adjoining  drivers  for  Series  1  and  2  (Tables  5  and  7)  ; 
the  effect  of  counterbalance  is  less  for  the  main  driver  in  Series  2  than 
in  Series  1  as  compared  with  the  change  for  the  average  of  the  two  adja- 
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cent  drivers.  It  seems  probable  that  the  lower  average  increase  in  stress 
due  to  speed  in  Series  2  may  also  be  due,  in  part,  to  the  lightening  of 
parts. 

A  marked  difference  in  the  two  series,  however,  lies  in  the  greater 
effect  of  speed  and  counterbalance  for  50  miles  per  hour  found  in  Series 
1  as  compared  with  Series  2.  Much  of  this  difference  is  in  speed  effect 
alone.  If  the  stresses  at  drivers  and  trailer  be  summed  for  the  two 
series  it  will  be  seen  that  for  50  miles  per  hour  the  sums  of  maximum 
stress,  minimum  stress,  mean  stress,  stress  with  counterweight  up,  and 
stress  with  counterweight  down  will  each  be  about  10%  of  the  mean 
stress  more  for  Series  1  than  for  Series  2,  while  for  25  and  40  miles 
per  hour  there  is  relatively  little  difference.  The  same  effect  may  be 
seen  by  comparing  the  ratios  of  Tables  6  and  8. 

As  has  already  been  stated,  in  Series  1  Locomotive  No.  22  was  used 
in  the  runs  at  5  and  40  miles  per  hour  and  part  of  the  runs  at  25  miles 
per  hour,  and  Locomotive  No.  28  was  used  in  the  remaining  runs  at  25 
miles  per  hour  and  in  all  the  runs  at  50  miles  per  hour.  The  results  for 
the  tests  at  25  miles  per  hour  have  not  been  separated  for  the  two  loco- 
motives used  in  Series  1.  The  results  show  that  locomotives  of  the  same 
nominal  construction  may  have  quite  different  distribution  of  loads 
among  the  drivers. 

The  stresses  in  rail  for  the  locomotive  with  rotating  parts  lightened 
are  still  very  high  at  speeds  of  25  miles  per  hour  or  more. 

12. — Comparison  of  Stress  Under  the  Two  Sides  of  the  Santa  Fe 
Type  Locomotive. — The  experience  of  the  St.  Louis-San  Francisco  Rail- 
way with  these  Santa  Fe  type  locomotives  gave  some  indication  that 
injuries  were  more  common  or  greater  in  the  rail  at  the  left  side  of  the 
locomotive  than  in  the  other  rail.  To  learn  whether  the  stresses  in  rail 
were  the  same  under  the  two  sides  of  the  locomotive,  tests  were  made 
with  Locomotive  No.  22.  The  four  instruments  were  placed  on  one  rail 
as  shown  in  Fig.  4,  and  runs  were  made  in  one  direction  at  speeds  of 
5,  25,  and  40  miles  per  hour,  forming  Series  3,  the  instrimients  being 
on  the  rail  at  right  side  of  locomotive.  The  locomotive  was  then  re- 
versed in  direction  and  runs  over  the  same  track  were  made  in  this 
direction  at  the  same  speeds,  forming  Series  4  for  instruments  on  rail 
at  left  side  of  locomotive.  The  instruments  retaining  their  position  on 
the  same  rail  and  other  conditions  remaining  the  same,  and  all  the  testi 
being  made  on  one  day,  results  were  thus  obtained  for  the  effect  of  the 
two  sides  of  the  locomotive  which  seem  comparable. 

The  data  were  reduced  in  the  usual  way  and  plotted  according  to 
position  of  counterweight,  and  the  maximum  value  of  the  stress  curve 
for  each  wheel  at  each  speed  was  determined.  It  was  found  that  the 
stress  in  rail  under  the  left  side  of  this  locomotive  was  considerably 
greater  than  that  under  the  right  side.     That  this  difference  is  not 


178  STRESSES    IN    RAILROAD    TRACK  [Papers. 

caused  by  speed  or  counterbalance  is  indicated  by  a  marked  difference 
at  a  speed  of  5  miles  per  hour;  the  sum.  of  the  stresses  in  rail  at  the  five 
drivers,  trailer,  and  truck  wheel,  as  found  for  the  left  side  of  the 
locomotive,  is  as  much  as  20%  greater  than  the  sum  of  the  correspond- 
ing stresses  for  the  right  side  of  the  locomotive.  A  similar  difference  is 
found  at  all  speeds,  both  for  mean  stresses  and  for  maximum  stresses. 
It  seems  that  the  difference  is  due  to  a  cause  not  related  to  speed. 

That  this  excess  of  stress  at  one  side  of  the  locomotive  was  not  due 
to  methods  of  testing  is  shown  by  the  stresses  at  the  wheels  under 
the  tender.  The  average  stress  for  the  three  speeds  for  Series  3  (rail  at 
right  side  of  locomotive)  is  15  500  lb.  per  sq.  in.  and  for  Series  4  (rail 
at  left  side  of  locomotive)  is  15  300  lb.  per  sq.  in.    A  few  runs  of  Series 

3  were  made  before  the  noon  hour;  the  remaining  runs  and  all  of  Series 

4  were  made  after  the  noon  hour.  There  would  be  some  decrease  in  the 
load  of  coal  and  water,  but  this  would  not  be  large. 

In  all  the  other  tests  with  the  Santa  Fe  type  locomotive,  one  instru- 
ment was  placed  on  the  rail  at  the  left  side  of  the  locomotive  opposite 
the  middle  one  of  the  three  instruments  on  the  rail  at  the  right  side,  as 
shown  in  Fig.  4.  In  the  plots  of  data,  it  was  found  that  the  results 
obtained  with  the  instrument  at  the  left  side  generally  average  higher 
than  the  results  obtained  with  the  other  instruments,  thus  agreeing  in 
this  respect  with  the  series  just  discussed.  Whatever  the  cause  of  this 
variation,  it  has  made  complications  in  the  interpretation  of  the  data 
for  other  purposes  and  has  thrown  uncertainty  on  some  comparisons 
which  it  was  desired  to  make,  but  the  relatively  small  amount  of  data 
available  has  made  it  seem  best  generally  to  include  all  the  instrumental 
results  even  with  this  added  complication.  The  use  of  one  instrument 
on  the  second  rail  has  seemed  advisable  for  the  purpose  of  cliecking  up 
in  possible  cases  of  irregular  or  unexpected  values  in  the  data. 

The  reason  for  this  difference  in  stress  developed  on  the  two  sides 
of  the  locomotive  is  not  known ;  it  is  planned  to  make  a  further  investi- 
gation of  the  conditions. 

It  should  be  noted  that  the  lateral  bending  of  rail  due  to  nosing  is 
not  here  discussed;  it  may  have  an  important  relation  to  rail  injury. 

IS. — The  Effect  of  Santa  Fe  Type  Locomotive  Upon  Rail  and  Track. 
— The  tests  made  with  the  locomotive  of  the  Santa  Fe  type  gave  an  inter- 
esting opportunity  to  find  the  effect  upon  rail  stresses  produced  when 
the  desired  amount  of  counterweight  is  not  or  can  not  be  placed  on  the 
main  driver,  but  instead  the  deficiency  for  the  given  wheel  is  distributed 
among  the  other  drivers  which  thereby  have  their  counterweight  in- 
creased above  what  is  already  an  overbalance  so  far  as  rotating  parts 
and  vertical  pressure  are  concerned.  The  increased  stress  in  the  rail  is 
due  not  alone  to  the  increased  pressure  on  the  rail  given  by  the  excess 
of  weight  of  rotating  parts  on  the  main  driver  when  the  crank  pin  is 
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down,  but  it  may  be  seen  from  the  illustrative  calculations  given  in 
Article  10  on  "Effect  of  Speed  and  Counterbalance"  that  the  overbalance 
in  the  adjacent  drivers  at  the  same  time  relieves  part  of  the  pressure  on 
the  rail  at  those  drivers  and  the  eifect  of  this  decrease  in  pressure  is  to 
increase  the  bending  moment  in  the  rail  under  the  main  driver. 

Similarly,  the  addition  of  counterweight  to  drivers  other  than  the 
main  driver  not  only  increases  the  counterweight  effect  in  the  rail  at 
these  drivers  (which  are  already  overbalanced  so  far  as  rotating  parts 
are  concerned),  but  the  deficiency  in  the  counterweight  of  the  main  driver 
decreases  the  pressure  on  the  rail  at  the  main  driver  when  the  counter- 
weight is  down  and  thus  increases  the  moment  in  the  rail  at  the  adja- 
cent drivers.  The  existence  of  these  influences  is  evident  from  the 
analysis  and  illustrations  already  given.  Whatever  may  be  the  effect 
of  this  abnormal  distribution  of  counterweight  upon  the  frame  of  the 
locomotive  or  upon  its  riding  qualities,  it  is  evident  that  a  deviation 
from  a  uniformity  of  counterbalance  effect  among  the  several  drivers 
aggravates  conditions  producing  stresses  in  rail  which  otherwise  may  be 
bad  enough. 

The  Santa  Fe  type  locomotives  used  in  the  tests  may  seem  extreme 
in  the  amount  and  distribution  of  counterweight,  but  the  underbalance 
of  the  main  driver  in  locomotives  of  this  type  as  used  on  some  railroads 
is  reported  to  be  considerably  greater  than  found  on  these  locomotives; 
on  the  other  hand,  the  Santa  Fe  type  locomotive  of  at  least  one  rail- 
road has  an  underbalance  of  less  than  half  that  of  those  on  the  St. 
Louis-San  Francisco  Railway.  In  other  featiires  of  the  design  also  these 
locomotives  were  not  calculated  to  produce  low  or  even  stresses  in  the 
rail.  The  weight  given  for  the  main  driver,  31  600  lb.,  is  considerably 
greater  than  that  on  the  second  and  fourth  drivers,  which  might  advan- 
tageously be  given  more  load  than  the  first  and  fifth.  Even  at  low 
speeds  the  second  and  fourth  drivers  give  considerably  lower  stresses 
than  the  others.  Besides,  the  effect  of  the  cylinder  pressure  at  mid- 
stroke  when  the  locomotive  is  working  is  to  give  a  vertical  component 
at  crank  pin  which  serves  to  increase  the  pressure  on  the  rail  under 
the  main  driver  both  for  counterweight  up  and  counterweight  down. 
The  weight  on  the  trailer,  a  wheel  located  some  distance  from  other 
wheels,  and  thus  having  little  moment-decreasing  influence  from  the 
other  wheels  in  these  locomotives,  is  too  great  to  produce  even  effects  in 
rail  stresses,  the  stress  in  rail  at  this  wheel  at  low  speeds  (see  Table 
5)  being  considerably  greater  than  those  at  the  drivers,  and  at  higher 
speeds  generally  being  the  highest  at  any  point  except  at  the  main 
driver. 

The  stresses  in  rail  produced  by  these  locomotives  at  speeds  of  25 
miles  per  hour  are  high.  It  should  be  borne  in  mind,  too,  that  the  values 
under  discussion  are  the  average  stresses  for  the  runs,  and  that  the  occa- 


180  STRESSES    IN"    EAILROAD    TRACK  [Papers. 

sional  niaxinuim  stress  is  much  higher,  and  that  the  stress  at  one  side 
of  the  rail  will  be  still  higher.  Speed  and  counterbalance  was  found  to 
increase  stresses  very  rapidly.  For  the  main  driver  the  ratios  of  the 
stresses  at  the  higher  speeds  to  the  stress  at  5  miles  per  hour  (2.04  for 
25  miles  per  hour,  2.54  for  40  miles  per  hour,  and  3.68  for  50  miles  per 
hour)  show  undesirable  and  unsatisfactory  conditions  in  a  locomotive  in 
so  far  as  the  effect  on  the  maintenance  and  life  of  the  track  is  con- 
cerned. The  occurrence  of  stresses  in  base  of  rail  (the  average  of  the 
values  at  the  two  edges)  as  high  as  52  000  lb.  per  sq.  in.  (and  10% 
higher  in  head  of  rail),  observed  at  high  speeds  in  a  number  of  cases 
where  the  records  were  well  defined,  shows  that  it  is  not  strange  that 
kinks  and  rail  failures  were  produced  in  the  regular  service  of  these 
locomotives.  In  some  of  the  runs  at  50  miles  per  hour,  kinks  in  rail 
were  developed  near  the  rail  on  which  instruments  were  placed.  Even 
at  lower  speeds  than  those  which  may  have  produced  such  visible  injury 
to  track,  the  punishment  of  the  track  and  the  effect  of  continued  appli- 
cation of  such  stresses  probably  would  be  sufficient  to  cause  considerable 
injury  to  the  track  structure.  Such  locomotives  should  run  only  at 
low  speeds,  and  every  precaution  should  be  taken  to  prevent  even  the 
occasional  use  of  higher  speeds  on  heavy  down  grades  in  undulating 
country  or  through  other  carelessness.  The  observance  of  much  higher 
stresses  under  the  left  side  of  the  locomotive  than  under  the  right  it  is 
hoped  will  lead  to  investigation  to  determine  the  origin  of  this  undesir- 
able effect  upon  track. 

i^, — Tests  with  the  Pacific  Type  Locomotive. — The  main  purpose 
of  the  tests  with  the  Pacific  type  of  passenger  locomotive  made  on 
the  St.  Louis-San  Francisco  Railway  was  to  find  the  increase  in  stress 
in  rail  due  to  speed  and  counterbalance.  The  Railroad  Company,  how- 
ever, desired  to  learn  the  effect  of  certain  variations  in  these  locomo- 
tives,-— the  addition  of  a  mechanical  stoker,  different  arrangements  of  an 
equalizing  lever,  and  the  lightening  of  rotating  parts — and  the  tests 
were  outlined  with  a  view  of  including  the  effect  of  these  variations  in 
the  locomotives.  Part  of  the  changes  in  locomotive  were  relatively 
small  and  their  extent  had  not  been  realized  when  the  tests  were 
started ;  the  resulting  change  in  distribution  of  load  among  the  several 
wheels  was  also  uncertain.  The  demands  for  locomotives  under  the 
existing  traffic  conditions  and  the  beginning  of  winter  weather  made 
it  impracticable  to  extend  the  tests  to  secure  an  adequate  number  of 
runs  for  some  of  the  purposes  of  the  test.  In  getting  the  effect  of 
speed  and  counterbalance,  it  has  been  found  best  to  group  series  of  tests 
which  have  different  locomotives  and  different  conditions  of  locomotive, 
so  that  some  of  the  effects  may  be  masked  by  the  differing  conditions 
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and  the  real  increases  due  to  speed  and  counterbalance  therefore  may 
be  greater  than  the  values  reported  indicate. 

Table  4  gives  the  variations  in  the  Pacific  type  locomotives  used. 
Series  8  to  12  were  made  with  the  locomotives  as  received  from  the 
builders  except  as  the  position  of  the  pin  in  the  equalizing  lever  was 
changed  for  some  of  the  tests.  The  second  location  of  test  (rail  adjoin- 
ing that  used  for  the  first  test)  was  used  to  determine  whether  the  first 
test  location  was  in  any  way  abnormal;  a  comparison  of  the  results 
indicate  that  there  was  little  difiFerence  in  conditions. 

Series  5  and  6  made  with  Locomotive  No.  1061  having  a  mechan- 
ical stoker  added  were  made  at  the  beginning  of  the  test  work  on  the  St. 
Louis-San  Francisco  Railway.  It  is  evident  from  the  data  that  the 
instruments  were  not  working  satisfactorily  or  the  observers  were  not 
in  good  practice.  Many  records  were  so  indefinite  as  not  to  be  usable. 
As  the  number  of  runs  was  small,  the  number  of  definite  values  obtained 
was  too  small  to  use  in  making  comparisons,  and  these  two  series  will 
not  be  reported.  As  the  stoker  weighed  only  3  500  lb.  and  the  weight 
added  to  one  wheel  was  probably  much  less  than  1  000  lb.,  a  large  num- 
ber of  runs  would  have  been  necessary  to  secure  an  adequate  amount 
of  data  for  making  a  proper  comparison. 

The  Pacific  type  locomotives  were  received  and  generally  used  with 
the  pin  in  the  rear  hole  of  the  equalizer  bar  at  the  rear  of  the  locomo- 
tive. The  change  of  the  pin  to  the  middle  hole  releases  weight  from  the 
trailer  and  increases  the  weight  on  the  drivers.  It  is  also  expected  to 
decrease  the  weight  on  the  front  trucks.  The  changes  in  the  weights  on 
the  several  wheels  as  calculated  by  the  Mechanical  Department  of  the 
railway  may  be  seen  from  the  following  weights : 


Trailer. 

Third 
driver. 

Main 
driver. 

First 
driver. 

Two  truck 
wheels. 

Pin  in  rear  hole  .  . .  . 

32  150 

29  700 

32  250 

29  750 

28  850 

Pin  in  middle  hole. . 

28  850 

31950 

34  450 

31950 

25  550 

These  calculated  values  indicate  that  by  the  change  in  length  of  equal- 
izing bars,  3  300  lb.  is  released  from  the  trailer  and  3  300  lb.  from  the 
two  truck  wheels  and  that  this  6  600  lb.  is  divided  equally  among  the 
three  drivers.  Based  on  the  calculated  or  assumed  distribution  of  the 
weight  of  the  locomotive  among  the  several  wheels,  the  stress  in  the  rail 
calculated  by  the  method  of  combination  of  wheel  loads  given  in  the 
first  progress  report  would  be  decreased  by  2  300  lb.  per  sq.  in.  under 
the  trailer  and  1  000  and  1  400  lb.  per  sq.  in.,  respectively,  under  the  two 
truck  wheels,  while  the  stresses  under  the  three  drivers  would  be 
increased  by  1  800,  1  000  and  1  500  lb.  per  sq.  in.,  respectively.  The  test 
results  are  not  fully  comparable  for  this  purpose,  and  the  results  of  the 
series  with  the  pin  in  the  two  positions  are  not  entirely  concordant. 
The  average  of  the  results  of  the  several  series  indicates  that  changing 
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the  pin  to  the  middle  hole  decreases  the  stress  in  rail  under  the  trailer, 
and  increases  the  stress  under  the  three  drivers,  with  little  change  under 
the  truck  wheels.  The  amount  of  this  change,  however,  as  given  by  the 
averages  of  Series  7  to  12,  is  much  less  than  the  change  foimd  by  calcu- 
lation on  the  basis  of  the  assumed  distributions  of  weight.  The  effect 
of  speed  was  noticeably  less  at  the  trailer  with  the  pin  in  the  middle 
hole. 

Series  9,  10,  11,  and  12  may  be  grouped  together  for  finding  the 
effect  of  speed  and  counterbalance,  though  the  differences  in  conditions 
for  the  four  series  make  comparisons  in  some  ways  somewhat  uncertain. 
As  there  were  about  the  same  number  of  observations  for  each  posi- 
tion of  pin  in  the  equalizing  bar,  this  variation  should  not  affect  the 
results  materially.  The  effect  of  differences  in  locomotives  and  of 
differences  in  track  in  the  two  locations  of  course  is  not  known,  but  it 
is  thought  to  be  not  large. 

The  observed  values  of  stresses  in  base  of  rail  for  each  speed  in  each 
series  were  plotted  with  respect  to  position  of  counterweight,  the  values 
of  the  plotted  points  in  groups  for  each  twentieth  of  a  revolution  were 
then  averaged  and  a  curve  drawn  to  represent  as  well  as  possible  the 
position  and  trend  of  these  points,  as  has  already  been  described  for  the 
tests  with  the  Santa  Fe  type  locomotive.  The  data  for  each  speed  of 
the  four  series  (9,  10,  11,  and  12)  were  also  plotted  together  and  curves 
drawn  which  represent  the  averages  of  the  four  series.  Fig.  16  gives 
the  resulting  curves  for  the  combined  series.  The  maximum,  minimum, 
and  mean  values  for  the  curves  were  taken  from  the  diagrams.  The 
values  of  the  stress  in  rail  for  the  four  series  and  the  combined  series 
are  given  in  Table  9.  It  should  be  noted  that,  as  was  the  case  in  the 
tests  with  the  Santa  Fe  type  locomotive,  the  greater  number  of  the 
plotted  observed  values  was  found  in  a  belt  on  each  side  of  the  curve 
of  averages  in  the  diagrams  of  data,  the  limits  of  the  belt  being  3  000  to 
5  000  lb.  per  sq.  in.  above  and  below  the  curves,  while  still  other  points 
were  above  and  below  the  belt.  Fig.  17  shows  graphically  the  principal 
stresses  of  the  combined  four  series,  including  the  average  negative 
stress  at  points  between  wheels. 

In  Table  10  are  given  the  ratios  calculated  from  the  data  of  Table 
9  for  the  combined  four  series.  S^,  S^^,  and  *S^6o  ^^^  ^^^  stresses  in  rail 
at  speeds  of  5,  45,  and  60  miles  per  hour,  respectively.  S,^  is  the  mean 
value  of  the  stress  curve  for  the  speed  used.  The  total  ratio,  speed 
effect  ratio,  and  counterbalance  ratio  are  used  as  in  the  discussion  of 
the  counterweight  with  the  Santa  Fe  type  locomotive.  Calculated 
counterbalance  ratios,  obtained  with  the  data  of  counterbalance  given 
in  Article  5  on  "The  Locomotives",  by  the  method  already  used,  are  also 
given  in  the  table.  The  calculated  upward  and  downward  pressures  at 
60  miles  per  hour  are  12  800,  10  000,  and  13  000  lb.  for  the  first,  second, 
and  third  drivers,  respectively.     The  downward  and  upward  pressures 
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TABLE  9. — Stresses  in  Rail  with  Pacific  Type  Locomotive  of  thr 

St.  Louis-San  Francisco  Railway.     Maximum,  Minimum,  and 

Mean  Values  from  Curves  for  Series  9,  10,  11,  and  12. 

Stresses  are  given  in  pounds  per  square  inch  at  base  of  rail. 


Speed, 

in  miles 

per 

hour. 


Position  of 
counterweight. 


Trailer. 


Driver  Number. 


Main. 


Truck  Wheel. 


45 


60 


45 


60 


60 


45 


60 


60 


Mean  value. 


Up 

Down 

Mean  value. 


Up 

Down 

Mean  value. 


Series  9 

20  300         16  200 


32  200 
23  500 

27  roo 

33  300 
22  800 
27  400 


21  300 
27  600 
23  700 

14  100 
31  200 
21  800 


15  200 

24  400 
14  600 
19  200 

26  000 

16  200 
22  200 


Mean  value. 


Up 

Down 

Mean  value. 


Up 

Down 

Mean  value. 


Series  10 

20  800         17  000         15  800 


33  800 
29  700 
31  400 

34  800 

28  100 
80  300 


20  000 

27  600 
23  100 

17  000 

28  300 

21  900 


Mean  value. 


Up 

Down 

Mean  value. 


Up 

Down 

Mean  value . 


Series  11 

22  200  17  600 


28  100 
23  400 
25  300 

36  400 
28  600 
32  100 


13  000 

24  400 
18  200 

18  200 
34  800 

25  800 


Mean  value . 


Up 

Down 

Mean  value. 


Up 

Down 

Mean  value 


Series  12 

23  900         17  200 


31  200 
20  800 
24  200 


18  200 
29  100 
23  500 

19  800 
37  000 

27  500 


35  400 

Series  9,  10,  11,  and  12 


25  000 
19  300 
21  300 

24  800 
15  100 
18  900 


18  000 

28  100 
14  000 
20  700 

36  400 

19  800 
25  400 


24  100 
15  000 

19  900 

28  600 

20  600 
24  200 


15  600 

25  000 
20  800 

15  600 

26  000 
20  300 


14  100 

17  700 
24  000 
19  900 

14  100 
26  800 
19  300 


15  200 

14  000 
21  300 

16  100 

16  600 
26  000 
19  700 


14  800 

15  400 
23  900 
19  600 

14  800 
23  900 
21  100 


-Combined 


Mean  value. 


Up 

Down 

Mean  value. 


Up 

Down 

Mean  value. 


Calculated  .stress  under  static 
load 


Calculated  additional  stress  due 
to  counter-balance  at  60  miles 
per  hour 


21  800 

31  200 
25  000 

27  900 

37  000 
29  600 

32  900 


23  500 


700 


19  800 
26  500 
21  900 

17  200 
32  800 
25  100 


17  300 


16  800 

25  000 
15  600 
20  200 

28  600 

17  200 
22  300 


17  100 


14  700 

15  100 
22  900 

19  200 

16  100 
26  000 

20  700 


16  400 


500 


10  400 

12  400 
5  200 

14  000 

14  700 
5  800 

13  000 

14  000 
5  600 

12  100 

15  200 


5  600 

12  500 

13  900 

4  400 

2  100 

000 


13  600 


8  900 

15  400 

16  200 

8  600 

15  500 

18  700 

9  800 

15  900 

17  900 
9  300 

15  100 

17  200 
9  100 

100 
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were  considered  as  positive  and  negative  loads  at  the  several  drivers,  and 
the  additional  equivalent  single  wheel  load  for  this  combination  of 
added  loads  was  calculated  for  each  wheel  by  the  method  described 
in  the  case  of  the  Santa  Fe  type  locomotive.  The  ratios  of  the  result- 
ing values  to  the  equivalent  single  wheel  loads  found  for  the  com- 
bination of  nominal  static  wheel  loads  was  calculated,  and  is  given  as 
the  calculated  counterbalance  ratio. 

The  ratios  in  Table  10  may  be  considered  to  separate  the  effect 
of  counterbalance  and  the  effect  of  speed  alone,  though  it  must  not 
be  expected  that  the  division  of  effect  will  be  accurate. 

It  is  seen  that  the  maximum  stress  in  rail  at  the  first  and  third 
driver  occurs  when  the  counterweight  is  down  at  speeds  of  both  45 
and  60  miles  per  hour,  while  the  maximum  stress  at  the  main  driver 


Trailer         3rd  Driver 


Main 


1st  Driver 
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0.5  0.75  1.0  0.25  0.5  0.5  0.75  1.0  0.25  0.5  0.75  1.0  0.25  0.5  0.75  1.0  0.25  0.5 

0    0.25  0.5  0.75  1.0  0    0.25  0.5  0.75  1.0 

Position  of  Counterweight  in  Parts  of  a  Revolution 
Fig.  16. — Curves  of  Average   Stress  in  Rail  Throughout  Revolution  of 
Driver,  Series  9,  10,  11,  and  12  Combined,  Pacific  Type  Locomotive 
OF  the   St.  Louis-San   Francisco  Railvstay. 

occurs  when  the  counterweight  is  up.  The  maximum  stress  at  the 
trailer  occurs  when  the  counterweight  of  the  drivers  is  up,  the  exact 
position  being  when  the  drivers  have  turned  about  four-tenths  of  a 
revolution  from  the  down  position  of  the  counterweight.  The  signs  of 
the  counterbalance  ratio  for  the  main  driver  given  in  Table  10,  it  is 
seen,  are  opposite  to  the  signs  of  the  observed  counterbalance  ratio 
for  the  main  driver,  while  for  the  other  wheels  the  signs  of  the  cal- 
culated and  the  observed  ratios  agree. 

No  explanation  is  offered  except  that  the  weights  of  the  rotating 
parts  may  be  different  from  those  given  in  Table  2,  or  that  the  assumed 
effect  of  such  parts  as  the  main  rod  is  in  error.  The  effect  of  the  main 
rod  and  side  rod  being  outside  the  plane  of  the  driver  seems  to  account 
for  only  part  of  the  discrepancy.     The  results  are  so  pronounced  and 
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the  information  on  the  position  of  counterweight  for  the  observations 
so  definite  and  so  general  that  no  doubt  can  be  thrown  on  the  character 
of  the  test  data  in  this  respect.  It  may  be  added  that  it  would  not 
require  a  large  discrepancy  in  the  amount  and  position  of  the  counter- 
weight of  the  main  driver,  or  in  the  weight  of  the  rotating  parts 
tributary  to  this  driver,  to  produce  quite  a  change  in  the  calculated 
vertical  pressure  at  the  down  position  of  the  counterweight,  taking  into 
account  the  effect  of  the  dynamic  augment  of  the  adjacent  drivers 
upon  the  vertical  pressure  at  the  main  driver.  Possibly  the  weight  of 
rotating  parts  given  may  not  have  been  properly  divided  among  the 
three  drivers. 

It  will  be  noted  that  the  counterbalance  effect  upon  the  trailer  is 
considerably  larger  than  would  be  expected  from  the  effect  due  to 
relief  of  load  on  rail  at  third  driver  when  the  counterweight  is  up; 
it  may  receive  a  portion  of  the  effect  of  counterbalance  of  the  drivers 
in  some  way  through  the  equalizing  levers.  The  maximum  stress  at 
the  trailer  occurs  when  the  counterweights  of  the  drivers  have  moved 
about  four-tenths  of  a  revolution  beyond  their  low  position.  It  will  be 
observed  that  the  ratios  for  the  counterbalance  effect  of  the  drivers 
is  considerable,  amounting  to  44%  of  the  low  speed  stress  for  the  third 
driver  at  a  speed  of  60  miles  per  hour.  The  method  of  combining  the 
results  of  the  series  may  be  expected  to  make  the  apparent  effect  of 
counterweight  smaller  than  the  actual  effect,  the  tendency  of  the 
combination  being  to  flatten  out  the  curves;  for  example.  Series  12 
gives  results  which  are  considerably  higher  than  those  of  Table  10. 
It  seems  probable  that  there  is  some  transfer  from  main  driver  to 
adjacent  drivers  through  the  equalizer  bars  when  the  counterweight 
is  up  and  vice  versa  when  it  is  down. 

The  effect  of  speed  alone,  as  shown  by  the  speed  effect  ratios,  is 
quite  uniform  for  the  drivers  and  trailer  and  is  closely  proportional  to 
the  speed.  The  additional  stress  due  to  speed  alone  is  quite  moderate 
for  all  three  wheels.  The  stress  at  the  truck  wheels  increases  rapidly, 
though  the  value  at  60  miles  per  hour  is  not  excessive.  Fig.  17  gives 
the  stresses  at  the  wheels  of  the  tender  for  Series  9,  10,  11,  and  12  com- 
bined. The  effect  of  speed  is  considerable,  the  average  ratio  of  stress 
at  45  and  60  miles  per  hour  to  the  stress  at  5  miles  per  hour  being 
1.95  and  2.25,  respectively. 

The  total  effect  ratio  indicates  that  the  effect  of  speed  and  counter- 
balance together  does  not  differ  much  for  the  several  drivers  and 
the  trailer,  either  for  maximum  values  or  generally  for  minimum  val- 
ues. Attention  is  called  to  the  very  high  stress  at  the  trailer  at  all 
speeds  and  to  the  considerable  increase  with  speed — this  too  in  results 
which  average  the  data  with  the  equalizer  pin  in  the  two  positions.  The 
stress  in  the  third  driver  was  also  high.  It  should  be  borne  in  mind,  of 
course,  that  the  band  of  the  plotted  data  gave  frequent  points  4  000  lb. 


Papers.] 


STRESSES     IN     RAILROAD    TRACK 


187 


30  000 


20  000 


D_£! Q_Q O  OOOn  nL 


10  000 Tf 


-10  000 


20  000 


a     10  000 


-10  000 


30  000 


20  000 


10  000 


•10  000 


85  lb.  Rail 

r 

5  miles  per  hour                              1 

-l 

ri 

" 

\ 

J     u     I 

[    I    1    L 

1 

45  miles  per  hour 

W\                             "^ 

-] 



1^ 

1 

1 

^-iniF 

1 

^      1 

J     u      I 

U     L     ^     U 

Position  of  Counterweight 

Low       Hi 

1 

?ll 

60  miles  per  hour 

1 

■ 



■ 

-1 

1 

■1 

-l 

1 

1 

I 

i^^^ 

1 

J      1 

1 

I 

U    U    *J    u 

Fig.  17. — Stress  in  Rail  at  High  and  Low  Position  of   Counterweight, 

Series  9,  10,  11,  and  12  Combined,  Pacific  Type  Locomotive 

of  the  St.  Louis-San  Francisco  Railway. 
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Ijer  sq.  in.  higher  than  these  values  and  that  occasional  values  were 
found  which  are  more  than  10  000  lb.  per  sq.  in.  higher. 

The  Railroad  Company  lightened  somewhat  some  of  the  rotating  and 
reciprocating  parts  of  Locomotive  No.  1063  by  cutting  away  metal.  The 
weight  given  for  the  lightening  of  the  rotating  parts  included  9  lb.  for 
the  rear  end  of-  the  main  rod  and  54  lb.  for  the  part  of  the  side  rod 
considered  to  be  tributary  to  the  main  driver.  The  information  fur- 
nished is  that  no  change  was  made  in  rotating  parts  affecting  the  first 
and  third  drivers.  The  effect  of  decreasing  the  rotating  weight  at  the 
crank  pin  by  63  lb.  would  be  to  increase  the  downward  pressure  at  the 
main  driver  when  the  counterweight  is  down  and  to  decrease  it  when 
the  counterweight  is  up — to  decrease  the  dynamic  augment  effect  if 
the  main  driver  is  underbalanced  and  to  increase  it  if  overbalanced. 
The  effect  upon  the  two  adjacent  drivers  would  be  to  decrease  the 
equivalent  single  load  pressure  somewhat  for  counterweight  down,  but 
the  effect  would  be  small.  The  data  of  Series  7  and  8  for  stresses  at  the 
main  driver  are  indefinite  on  the  matter  of  effect  of  counterbalance;  the 
points  are  quite  scattered  and  it  was  found  to  be  impracticable  to  draw 
a  curve  for  a  speed  of  60  miles  per  hour,  and  that  for  45  miles  per  hour 
was  less  regular  than  those  found  in  other  tests.  The  diagrams  give  the 
impression  that  the  counterbalance  effect  at  this  wheel  was  small  and 
rather  variable  for  the  different  positions  of  the  counterweight.  For  a 
speed  of  60  miles  per  hour  the  calculated  change  in  stress  in  rail  at  the 
main  driver  due  to  the  63-lb.  change  in  counterbalance  would  be  a 
decrease  of  1  500  lb.  per  sq.  in.  when  the  counterweight  is  up  and  an 
increase  of  the  same  amoiint  when  it  is  down,  and  for  a  speed  of  45 
miles  per  hour  a  change  of  900  lb.  per  sq.  in.,  and  it  seems  probable  that 
such  a  change  was  effected. 

15. — Test  with  the  Mikado  Type  Locomotive. — The  tests  with  the 
Mikado  locomotive  No.  1769  of  the  Illinois  Central  Railroad  were  made 
l)rincipally  to  find  the  effect  of  speed  and  counterbalance  upon  stress  in 
rail  for  this  type  of  freight  locomotive.  The  results  are  concordant 
and  generally  definite  and  in  these  respects  are  more  satisfactory  than 
most  of  the  tests  which  have  been  made.  Sample  plots  of  observed 
values  of  stress  in  rail  are  given  in  Figs.  18  to  22,  which  give  also  the 
curve  of  average  stress  throughout  the  revolution  of  the  driver,  the  belt 
of  most  frequent  values,  and  a  line  representing  the  mean  of  the 
stresses  found  in  one  revolution.  Fig.  23  gives  curves  of  average  stress 
throughout  a  revolution  for  the  several  wheels  at  the  four  speeds.  Fig. 
24  shows  the  stress  at  high  point  and  low  point  of  counterweight  taken 
from  these  curves.  These  values  of  stress  in  rail  are  given  in  Table  11, 
together  with  the  mean  value  for  the  curve  of  average  stress. 

Table  12  gives  the  total  ratio  (combined  speed  and  counterbalance 

o 

effect),   speed  effect    ratio,   — ^,   and   counterbalance   effect    ratio,   the 

^5 
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TABLE  11. — Stresses  in  Rail  with  Mikado  Type  Locomotive  of  the 

Illinois  Central  Railroad.     Maximum,  Minimum,  and 

Mean  Values  from  Curves. 

Stresses  are  given  in  pounds  per  square  inch  at  base  of  rail 


Speed, 

Position  of 
counterweight. 

Trailer. 

Driver  Number. 

Front 
truck 
wheel. 

per 
hour. 

4 

Main. 

2 

1 

5 

15  800 

21  400 

15  600 
18  500 

23  400 

18  200 

19  000 

26  500 
21  300 

24  200 

16  300 
200 

16  500 

16  600 
24  000 
20  600 

15  600 
2.1  000 
20  100 

15  600 
32  800 
24  000 

18  200 
4  300 

14  200 

20  800 
12  000 

16  100 

25  000 

10  400 

17  700 

30  500 

11  500 
20  800 

15  3C0 
3  200 

14  200 

15  600 

20  300 
18  000 

13  000 

23  400 
18  200 

16  600 
26  500 

21  200 

12  500 
3  200 

15  600 

15  600 
22  400 
19  700 

13  000 
25  000 
19  000 

15  600 
29  100 
22  000 

16  500 
4  300 

8  800 

25 

Un 

12  70C 

35 

Up 

14  600 

12  000 

13  100 

45 

Un 

19  600 

Down 

11  500 

15  400 

Calculate 

d   stress  under  static 

9  600 

Calculate 
to  conn 
per  hou 

d  additional  stress  due 
terbalance  at  45  miles 

400 

nomenclature  being  the  same  as  was  used  in  the  discussion  of  the  tests 
with  the  Santa  Fe  and  Pacific  locomotives  and  the  stress  at  5  miles  per 
hour  being  the  divisor  used  in  obtaining  the  ratios. 

It  will  be  noted  that  the  stress  at  the  first,  second,  and  fourth  drivers 
is  greatest  when  the  counterweight  is  down,  and  that  the  stress  at  the 
main  driver  is  greatest  when  the  counterweight  is  up.  The  stress  at 
the  trailer  is  greatest  when  the  counterweights  of  the  drivers  are  some- 
what past  their  high  position.  The  truck  wheel  shows  the  effect  of 
counterbalance,  the  high  stress  in  rail  occurring  when  the  counter- 
weights of  the  drivers  are  slightly  past  the  high  position  (about  one- 
seventh  of  a  revolution),  and  the  corresponding  low  stress  at  the  oppo- 
site position.  The  results  indicate  that  the  main  driver  is  under- 
balanced  for  rotating  parts,  and  that  the  other  drivers  are  over- 
balanced. 

The  figures  for  counterbalance  weights  given  by  the  Motive  Power 
Department  of  the  Illinois  Central  Railroad  (see  Table  3,  page  17), 
indicate  the  same  condition  of  counterbalance  for  each  driver,  263  lb. 
overbalance  for  rotating  parts  (to  balance  60%  of  the  reciprocating 
parts,  considered  to  be  taken  by  the  four  drivers  equally).  Not  only  is 
the  position  of  counterweight  of  the  main  driver  which  gives  the  highest 
stress  in  rail  the  opposite  of  that  obtained  by  analysis  for  the  weights 
given  in  the  table,  but  the  counterbalance  effect  found  for  the  several 
drivers  is  much  larger  than  the  calculated  values.     For  the  first,  second, 
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Position  of  Counterweight  in  Parts  of  a  Eevolution 
Fig.  18. — Observed  Values  of  Stress  in  Rail  with  Mikado  Type 
Locomotive  of  the  Illinois  Central  Railroad. 
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19. — Observed  Values  of  Stress  in  Rail,  with  Mikado  Type 
Locomotive  of  the  Illinois  Central  Railroad.       , 
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Fig    20— Observed  Valtjes  of  Stress  in  Rail  with  Mikado  Type 
Locomotive  of  the  Illinois  Central  Railroad. 
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Pig.  21. — Observed  Valttes  of  Stress  in  Rail  with  Mikado  Type 
Locomotive  of  the  Illinois  Central  Railroad. 
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Fig.   22. — Observed  Values  of  Stress  in  Rail  with  Mikado  Type 
Locomotive  of  the  Illinois  Central  Railroad. 
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iind  fourth  drivers  and  for  the  speeds  of  25,  35,  and  45  miles  per  hour 
the  average  of  the  ratios  expressing  effect  of  counterbalance  given  in 
Table  12  is  more  than  twice  the  calculated  value.  For  the  main  driver 
at  these  three  speeds  the  ratios  expressing  the  counterbalance  effect 
(0.33  at  25  miles  per  hour,  0.50  at  35  miles  per  hour,  and  0.67  at  45 
miles  per  hour)  are  three  to  four  times  the  calculated  values,  and  the 
high  stresses  occur  when  the  counterweight  is  up  instead  of  when  it  is 
down  as  would  be  expected  from  the  counterbalance  data  given.  A 
consideration  of  the  planes  in  which  the  several  rotating  parts  act  only 
partly  explains  the  discrepancy  in  the  case  of  the  main  driver. 

No  explanation  is  offered  for  the  remaining  discrepancies.     Possibly 
the  weights  of  parts  may  not  be  correctly  reported,  and  their  distribu- 
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Position  of  Counterweisrht  in  Parts  of  a  Revolution 

Fig.  23. — Curves  of  Average   Stress  in  Rail  Throughout  Revolution  of 
Driver,  Mikado  Type  Locomotive  of  the  Illinois  Central  Railroad. 

tion  may  also  not  be  correct.  Although  the  counterbalance  effects  are 
generally  not  large,  the  additional  stress  at  main  driver  at  35  miles  per 
hour  (the  speed  limit  given  by  the  railway  regulations)  is  50%  as  great 
as  the  stress  at  5  miles  per  hour,  and  the  stresses  due  to  counterbalancing 
would  be  materially  less  if  the  counterbalance  effects  were  in  the  same 
direction  for  each  driver. 

The  effect  of  speed  alone,  as  shown  by  the  speed  ratios  in  Table  12, 
is  about  the  same  for  the  several  drivers.  The  ratios  for  truck  wheel 
and  for  trailer  are  considerably  higher  at  the  higher  speeds. 

16. — Relation  of  the  Stresses  at  the  Tivo  Sides  of  the  Base  of  Rail. — 
In  the  first  progress  report  it  was  shown  that  lateral  bending  of  the  rail 
occurred  to  a  considerable  extent ;  that  most  frequently  the  rail  was  bent 
outwardly  at  a  point  under  a  wheel  and  inwardly  at  a  point  between 
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Fig.   24. — Stress   in   Rail  at   High   and   Low   Position   of   Counterweight, 
Mikado  Type  Locomotive  of  the  Illinois  Central  Railroad. 
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wheels,  though  a  flexure  opposite  to  this  also  was  frequent;  that  the 
change  in  gauge  of  track  accompanying  this  bending  was  measurable; 
that  the  bending  occurs  with  the  locomotive  at  rest  and  at  low  speeds 
as  well  as  at  higher  speeds ;  and  that  the  stress  at  the  outer  edge  of  the 
base  of  rail  may  occasionally  reach  three  or  more  times  that  at  the  inner 
edge.  An  examination  of  the  data  of  some  of  the  tests  described  in  this 
report  has  been  made  with  a  view  of  supplementing  the  information 
given  in  the  first  report. 

A  study  has  been  made  of  Series  1  and  2  (with  the  Santa  Fe  type 
locomotive),  Series  10  and  12  (with  the  Pacific  type),  and  the  Series 
made  on  the  Illinois  Central  Eailroad  (with  the  Mikado  type).  The 
stresses  for  the  two  sides  of  the  base  of  rail  were  plotted  separately 
according  to  the  position  of  the  counterweight,  and  curves  were  drawn 
to  represent  the  trend  and  position  of  the  points  throughout  the  revolu- 
tion for  stress  at  both  outer  edge  of  base  of  rail  and  inner  edge.  The 
curves  for  stress  at  outer  edge  and  at  inner  edge  are  quite  similar,  that 
for  outer  edge  being  higher  than  the  curve  of  average  stress  in  base 
of  rail  heretofore  reported,  and  that  for  inner  edge  lower.  The  point  of 
maximum  stress  for  outer  edge  generally  comes  a  little  later  in  the  revo- 
lution than  that  for  inner  edge. 

It  was  found  that  the  average  of  all  the  observations  for  the  outer 
edge  was  greater  than  that  for  the  inner  edge.  This  conclusion  applies 
at  all  speeds  and  at  all  positions  of  the  counterweight  for  all  the  drivers 
and  to  the  higher  stresses  found  as  well  as  to  the  lower.  It  also  applies 
to  the  trailer  and  to  the  tender  wheels.  The  average  of  the  stresses  at 
the  outer  edge  for  the  several  wheels  ranges  from,  say,  20  to  50%  greater 
than  the  average  at  the  inner  edge;  that  is,  the  average  stress  at  the 
outer  edge  i*s  from  9  to  20%  greater  than  the  mean  stress  in  base  of  rail, 
which  is  the  stress  heretofore  used. 

This  indicates  that  a  general  condition  exists  tending  to  give  out- 
ward lateral  bending  in  rail.  No  further  investigation  has  been  made  to 
determine  what  that  condition  is.  It  may  be  noted  that  the  difference 
in  stress  at  the  two  sides  of  the  rail  was  as  great,  or  greater,  under  the 
main  driver  as  under  the  other  drivers.  In  the  case  of  the  Santa  Fe 
type  this  driver  has  no  flange  and  was  slightly  worn.  While  tlie  num- 
ber of  observations  giving  the  higher  stress  at  the  outer  edge  was  con- 
siderably greater  than  that  at  the  inner  edge,  the  number  having  the 
opposite  relation  was  by  no  means  small,  showing  that  the  swaying  of 
the  locomotive  laterally  is  a  factor  in  the  problem. 

A  similar  relation  exists  at  points  between  wheels  in  the  region  of 
negative  bending  moment,  though  here  the  lateral  bending  is  generally 
in  the  opposite  direction  from  that  at  the  wheel- and  the  average  stress 
at  the  inner  edge  is  greater  ihan  that  at  the  outer  edge. 

More  important  than  the  average  vahie  at  the  edges  of  the  base  of 
rail  are  the  relative  values  of  the  individual  observations.    The  ratios  of 
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the  stress  at  edge  to  the  mean  stress  in  base  of  rail  were  plotted.  A 
study  of  these  shows  that  in  15  to  20%  of  the  observations,  the  stress  at 
the  outer  edge  is  33%  or  more  greater  than  the  mean  stress  in  base  of 
rail,  in  a  few  cases  reaching  an  excess  of  50%  or  more,  and  that  this 
holds  good  throughout  the  revolution  of  the  driver.  An  excess  of  20% 
is  quite  common.  A  stress  at  inner  edge  33%  greater  than  the  mean 
stress  was  found  in,  say,  5  to  8%  of  the  observations.  As  an  example 
of  a  large  difference  in  stresses  at  the  two  edges,  though  not  of  a  high 
ratio  of  stresses,  values  for  the  main  driver  of  the  Santa  Fe  type  at  a 
speed  of  50  miles  per  hour  may  ba  cited,  36  400  lb.  per  sq.  in.  at  the 
inner  edge,  and  55  000  lb.  per  sq.  in.  at  the  outer. 

The  lateral  bending  in  rail  has  some  bearing  on  the  design  of  rail 
section  and  on  the  design  of  tie  plates.  It  will  be  seen  that  for  the 
rail  sections  used,  a  ratio  of  stress  at  outer  edge  to  mean  stress  in  base 
of  rail  having  a  value  of  1.33  means  that  the  lateral  bending  moment 
in  the  rail  is  about  8%  of  the  vertical  bending  moment  required 
to  develop  the  mean  stress.  It  should  be  noted  that  the  results  herein 
presented  were  obtained  with  track  which  may  be  said  to  be  in  ordinarily 
good  condition;  the  results  given  in  the  first  progress  report  for  track 
in  poorer  condition  and  for  track  with  decayed  ties  show  that  the 
amount  of  lateral  bending  may  be  materially  greater  and  that  there- 
fore the  condition  of  the  track  is  an  important  element  in  the  problem. 

17. — General  Discussion. — In  Figs.  25,  26,  27,  and  28  the  ratios  for 
total  effect,  speed  effect  and  counterbalance  effect  given  in  Tables  6,  8, 
10,  and  12  have  been  plotted.  These  ratios  show  the  relation  between 
the  stress  in  rail  at  the  several  higher  speeds  and  the  stress  in  rail  exist- 
ing at  a  speed  of  5  miles  per  hour.  In  all  the  series  the  total  effect  ratios 
are  concordant  and  show  a  marked  increase  of  stress  with  speed,  the 
increase  being  faster  than  the  first  power  of  the  speeds.  The  method 
used  in  making  a  division  of  this  total  effect  ratio  into  effect  of  speed 
alone  and  effect  of  counterbalance  is  of  course  not  accurate,  and  it  may 
be  expected  that  a  large  counterbalance  effect  will  result  in  an  increased 
speed  effect  as  well.  Fig.  29  gives  the  ratios  for  the  average  speed  effect 
for  the  tender  wheels  of  the  three  types  of  locomotives  used,  as  well 
as  the  values  of  the  average  stresses  at  these  wheels. 

It  will  be  noted  that  the  increase  in  stress  in  rail  at  drivers  and 
trailer  beyond  5  miles  per  hour  due  to  speed  alone,  varies  almost  directly 
as  the  increase  in  speed,  though  in  a  few  instances  it  is  at  a  somewhat 
faster  rate.  Averaging  the  values  of  the  ratios  at  the  drivers  and  trailer 
and  for  comparison  using  a  speed  of  50  miles  per  hour  in  all  cases,  it  is 
seen  that  for  this  speed  the  increase  in  stress  in  rail  due  to  speed  alone 
over  that  at  5  miles  per  hour  will  be  about  70%  for  Series  1  and  50% 
for  Series  2  (average  of  60%  for  the  Santa  Fe  type  locomotive  used), 
about  35%  for  the  Pacific  type  locomotives,  and  about  50%  for  the 
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Fig.  26. — Ratios  of  Total  Effect,  Speed  Effect,  and  Counterbalance  to 

Stress  at  5  Miles  per  Hour,  Series  2,  Santa  Ffi  Type  Locomotive 

OF  THE  St.  Louis-San  Francisco  Railway. 
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Mikado  type  locomotive.  At  the  tender  wheels,  the  stresses  in  rail  in- 
crease almost  directly  as  the  increase  in  speed.  The  increase  in  the 
stresses  at  50  miles  per  hour  over  those  at  5  miles  per  hour  at  the  tender 
wheels  is  approximately  as  follows:  Series  1,  50%,  Series  2,  100%  (an 
average  of  75%  for  the  Santa  Fe  type  locomotive) ;  Pacific  locomotive 
100% ;  and  Mikado  locomotive,  75  per  cent.  It  is  seen  that  the  ratios 
found  for  the  drivers  are  in  general  less  than  those  for  the  tender 


40       50       60  0        10       20 

Speed  ill  Miles  per  Hour 

Fig.  27. — Ratios  of  Total  Effect,  Speed  Effect,  and  Counterbalance 

Effect  to  Stress  at  5  Mlles  per  Hour,  Series  9,  10,  11,  and  12 

Combined,   Pacific   Type   Locomotive   of   the 

St.  Louis-San  Francisco  Railway. 

wheels  (the  ratios  do  not  include  the  effect  of  counterbalance),  and  the 
increase  at  the  tender  wheels  varies  considerably  for  the  different  loco- 
motives. In  some  of  the  locomotives  (particularly  the  Santa  Fe  type) 
the  increased  stress  at  some  of  the  wheels  is  materially  higher  than  the 
average  values  quoted  above. 

The  counterbalance  effect  at  low  and  high  position  of  counter- 
weight, with  both  underbalance  and  overbalance,  is  brought  out  in  Figs. 
25,  26,  27,  and  28.     It  appears  that  with  the  main  driver  underbalanced 
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Fig    28.— Ratios    of    Total    Effect,    Speed    Effect,    and    Counterbalancb 
■  Effect  to  Stress  at  5  Miles  per  Hour,  Mikado  Type  Locomotfve 
of  the  Illinois  Central  Rajleoad. 
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Fig.  29. — Average  Stresses  and  Ratios  for  Average  Speed  Effect  for  the 
Tender  Wheels  of  the  Three  Types  of  Locomotives. 
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and  the  other  drivers  overbalanced  there  is  some  transfer  of  pressure 
through  the  equalizer  bars,  tending  to  reduce  somewhat  the  stresses  due 
to  counterbalance,  but  the  effect  is  not  very  definite  and  seems  to  be 
uncertain.  The  stress  due  to  counterbalance  increases  much  faster  than 
the  increase  in  speed,  though  not  always  as  fast  as  the  square  of  the 
speed.  The  average  increase  in  stress  at  the  several  drivers  due  to 
counterbalance  effect,  as  indicated  by  the  ratios  in  the  figures,  for  a 
common  speed  of  50  miles  per  hour  over  the  stress  at  5  miles  pejr  hour 
is  about  90%  for  Series  1  and  80%  for  Series  2  (average  85%  for  the 
Santa  Fe  type  locomotives  used);  30%  for  the  Pacific  type;  and  60% 
for  the  Mikado  type.  The  increase  in  stress  at  the  main  driver  in  each 
case  is  greater  than  this  average,  and  with  the  Santa  Fe  type  very 
much  greater. 

Points  representing  the  calculated  counterbalance  effect  ratio  are 
also  given  in  Figs.  25,  26,  27,  and  28 ;  they  are  based  upon  the  counter- 
balance weights  given  in  Tables-  1,  2,  and  3  without  consideration  of 
the  effect  of  the  planes  of  rotation  of  the  rotating  parts  being  in  differ- 
ent planes  or  of  other  distributing  elements.  It  will  be  noted  that  in  a 
number  of  cases  there  is  a  considerable  discrepancy  between  the  observed 
and  the  calculated  ratios. 

The  following  general  observations  are  made : 

It  is  evident  that  there  is  a  decided  advantage  to  the  track  in 
making  the  counterbalance  of  the  several  drivers  differ  but  little  from 
each  other  and  from  that  condition  which  will  give  the  best  results,  even 
though  opposing  conditions  of  counterbalance  in  the  main  driver  and 
the  adjoining  drivers  may  have  some  neutralizing  effect.  An  under- 
balance  on  one  driver  and  an  overbalance  on  an  adjoining  one  will  give 
a  very  landesirable  cumulative  effect. 

It  is  of  course  to  be  expected  that  when  the  locomotive  is  working 
the  downward  pressure  of  the  main  driver  will  be  increased  over  that 
obtaining  when  the  steam  is  shut  off  as  was  the  case  in  the  tests  here 
discussed. 

For  the  Santa  Fe  type  locomotives  tested  the  stresses  at  the  main 
driver  were  much  greater  than  at  the  other  drivers. 

Considering  the  stresses  developed  in  the  tests  it  is  not  strange  that 
great  injury  to  track  is  done  by  poorly  balanced  locomotives  run  at 
liigh  speed.  Even  at  lower  speeds,  where  kinking  of  rail  does  not 
result,  the  punishment  of  the  track  is  much  greater  than  will  be  caused 
by  well-balanced  locomotives.  The  effect  of  counterbalance  and  speed 
is  to  add  greatly  to  the  load  to  be  carried  by  rail,  tie,  and  ballast. 

Effort  may  well  be  made  to  reduce  the  counterbalance  effect  on 
stress  in  track  by  use  of  the  best  methods  of  design  of  locomotive  and 
by  the  use  of  material  which  will  permit  a  minimum  of  counterbalance 
effect  in  both  rotating  and  reciprocating  parts. 
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It  is  important  that  care  be  taken  to  determine  the  actual  weights 
and  position  of  counterweights  and  the  actual  properties  of  the  side 
rods  and  connecting  rods.  Care  should  be  taken  to  learn  whether  the 
assumed  division  of  load  among  the  drivers  in  the  completed  locomo- 
tives is  obtained. 

Locomotives  will  give  very  different  stresses  in  rail  at  the  different 
wheels  according  to  the  wheel  spacing,  the  division  of  load,  and  the 
effect  of  adjoining  wheels. 

It  is  apparent  from  analysis  that  for  the  spacing  of  wheels  in  the 
three  types  of  locomotives  the  stress  at  the  trailer  under  static  load 
or  at  low  speeds  will  be  relatively  large  if  the  weight  on  the  trailer  is 
greater  than,  say,  75%  of  the  average  weight  on  drivers;  and  the  tests 
would  indicate  that  for  locomotives  with  even  fairly  good  counter- 
balancing a  discrepancy  at  low  speeds  between  the  stress  at  the  trailer 
and  the  stress  at  a  driver,  due  to  a  relatively  heavy  load  on  the  trailer, 
may  be  expected  to  exist  also  at  higher  speeds. 

It  was  found  that  the  wheels  of  the  tenders  of  the  different  types  of 
locomotives  gave  quite  different  effects  of  speed  on  the  stress  in  rail. 

Attention  may  well  be  called  to  the  method  herein  used  in  calcula- 
ting the  stress  in  rail  for  a  combination  of  driver  loads.  The  method 
ordinarily  adopted  in  taking  into  account  the  counterbalance  effect  uses 
the  dynamic  augment  for  the  given  driver  only.  In  getting  the  stress- 
producing  bending  moment  in  the  rail,  however,  it  is  necessary  to  take 
into  account  the  dynamic  augment  also  of  the  adjoining  drivers.  With 
the  main  driver  underbalanced  and  the  adjoining  drivers  overbalanced 
the  pressures  given  by  the  adjacent  drivers  are  especially  influential  and 
the  effect  of  the  combined  loads  should  not  be  overlooked.  It  should  be 
added,  too,  that  the  effect  of  counterbalancing  upon  bending  moment 
in  rail  is  different  from  the  effect  upon  rail  depression  and  pressure  on 
rail — these  must  be  calculated  separately. 

In  the  discussion  of  counterbalance,  and  the  calculation  of  the 
stress  produced  in  the  rail,  no  attempt  has  been  made  to  go  into  the 
complications  of  the  problem  involved  in  the  yielding  of  the  loco- 
motive springs  and  of  the  track  acting  as  a  spring,  the  effect  of  the 
rotating  parts  not  being  in  the  same  plane,  and  other  disturbing 
elements. 

The  tests  were  made  on  85-lb,  rail.  It  is  felt  that  the  effect  of 
speed  and  counterbalance  in  producing  stress  in  rails  of  other  weight 
will  follow  in  general  the  results  found  with  the  85-lb.  section.  The 
increase  in  stress  at  a  given  speed  over  the  stress  at  5  miles  per  hour 
may  be  considered  to  be  produced  by  additional  loads  at  the  drivers, 
due  to  speed  and  counterbalance,  and  the  amount  of  these  additional 
loads  may  be  calculated  by  the  use  of  the  analytical  methods  outlined 
in  the  report.    The  loads  thus  found  for  speed  and  counterbalance  effect 
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may  be  used  in  judging  of  the  effect  of  speed  and  counterbalance  with 
rails  of  other  sections.  The  calculations  for  stress  in  a  section  may  be 
made  on  the  basis  of  the  analysis  for  bending  moments  given  in  the  first 
progress  report,  the  section  modulus  of  the  given  rail  being  used  in 
calculating  the  stress  developed  by  the  bending  moment  found. 

It  is  evident  that  wheel  spacing,  distribution  of  load  among  drivers 
and  trailer,  and  counterbalancing  have  a  marked  influence  upon  the 
stresses  developed  in  rail  and  also  in  the  track  structure  below  the  rail. 
Adequate  consideration  therefore  should  be  given  to  these  elements  in 
designing  locomotives  if  the  track  is  not  to  be  called  upon  unduly  to 
carry  loads  and  to  resist  stresses  which  are  unnecessary  or  excessive. 
The  uncertainty  which  may  exist  concerning  exact  conditions  of 
counterbalance  is  a  matter  which  warrants  greater  attention. 

III.  T^ACK  Depressions. 

18. — Depression  of  Trade  under  Load  and  Modulus  of  Elasticity  of 
Bail  Support. — In  the  first  progress  report  of  the  Committee  the  gen- 
eral question  of  the  depression  of  track  under  load  was  considered 
and  the  effect  of  the  make-up  and  condition  of  the  track  structure 
upon  stresses  in  rail  and  distribution  of  load  among  the  ties  was  dis- 
cussed. In  connection  with  the  tests  to  determine  the  flexural  action 
of  ties  in  track  (presented  under  "IV. — Depression,  Flexure,  and 
Bearing  Pressure  of  Cross-Ties") j  made  since  that  report  was  prepared, 
tests  have  been  made  to  obtain  the  depression  of  the  track  under  the 
conditions  which  obtained  when  these  tests  of  ties  were  made.  A  pur- 
pose of  making  these  profiles  of  rail  depression  was  to  determine  the 
proportion  of  the  load  applied  to  the  rails  which  may  be  considered  to 
be  taken  by  a  single  tie.  The  tests  served  also  to  show  the  relative 
effects  of  different  amounts  of  load  and  something  of  the  general  con- 
dition of  the  track. 

Under  the  best  conditions,  with  freshly  tamped  track,  the  depression 
at  any  tie  may  be  expected  to  be  nearly  proportional  to  the  load  applied 
to  the  rail  and  likewise  proportional  to  the  load  taken  by  the  individual 
tie.  For  track  not  recently  tamped  or  in  poor  condition  there  will  be  a 
slight  play  between  the  tie  and  the  ballast  along  parts  of  its  length,  and 
part  of  the  resistance  before  the  tie  takes  bearing  along  its  length  will  be 
due  to  the  bending  of  the  tie  under  the  action  of  the  lighter  loads. 
These  and  other  influences  found  in  track  not  in  the  best  condition 
make  the  line  representing  the  relation  of  track  depression  to  applied 
load  vary  from  a  straight  line  through  at  least  a  part  of  its  length. 

In  Fig.  30,  the  relation  between  tie  depression  and  load  on  tie  for 
track  in  best  condition  is  illustrated  at  (a).  The  vertical  distances 
represent  the  depression  of  rail;  the  horizontal  distances  are  propor- 
tional to  the  load  on  the  track.    This  condition  gives  a  constant  modulus 
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of  elasticity  of  rail-support — the  term  defined  in  the  first  progress 
report  as  the  pressure  per  unit  of  length  of  each  rail  required  to  depress 
the  track  one  unit  and  which  was  found  to  be  of  considerable  service  in 
analytical  investigations. 

At  (&)  is  illustrated  the  case  where  a  light  load  produces  consider- 
able depression  and  greater  loads  result  in  additional  amounts  of 
depression  which  are  proportional  to  the  increments  of  load.  The 
distance  from  the  origin  to  the  point  where  the  line  passing  through 
the  points  intersects  the  vertical  axis  may  be  considered  to  represent 
in  part  the  play  or  space  between  the  bottom  of  the  tie  and  its  bed  when 
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Fig.   30. — Typical   Load-Depression   Diagram. 
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the  tie  is  not  under  load,  though  of  course  there  is  some  bearing 
resistance  by  the  tie  for  track  depressions  less  than  the  amount  of  this 
intercept,  and  a  part  of  the  total  play  may  be  between  the  rail  and  the 
tie.  In  general  the  direction  of  the  line  through  the  points  obtained 
by  the  several  loads  represents  the  load-depression  relation  and  is 
closely  parallel  to  the  line  found  for  well-tamped  track.  For  general 
purposes  the  direction  of  this  part  of  the  line  may  be  used  in  deter- 
mining the  value  of  the  modulus  of  elasticity  of  rail-support. 

19. — Tracl'-Depression  Tests  on  Illinois  Central  Railroad. — In  the 
tests  of  track  depression  made  in  1918  the  load  was  furnished  by  cars 
loaded  in  such  a  way  as  to  give  the  desired  weight  on  the  truck  at  one 
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end  of  the  car.  The  end  of  the  car  to  be  used  in  the  test  was  weighed 
on  track  scales.  In  the  use  of  the  data  of  the  tests  it  is  assumed  that 
each  wheel  of  the  car  truck  carried  one-fourth  of  the  weight  so  found. 
In  the  tests  on  the  Illinois  Central  Railroad  three  loads  were  used, 
100  000,  53  000,  and  18  000  lb.  on  a  single  truck;  that  is,  25  000,  13  250 
and  4  500  lb.  on  each  of  the  four  wheels  of  the  truck.  The  smallest 
load  was  taken  as  being  sufficiently  heavy  to  bring  the  tie  to  a  full 
bearing  on  its  bed  and  to  eliminate  any  play  which  may  exist  between 
rail  and  tie  and  tie  and  ballast.  The  wheel  base  of  the  truck  was  5 
ft.  6  in.  The  distance  between  trucks  (31  ft.  center  to  center  for  the  car 
giving  loads  of  100  000  and  53  000  lb.  and  29  ft.  for  the  one  giving 
18  000  lb.)  was  such  that  the  load  on  the  trucks  at  the  farther  end  of 
the  car  did  not  have  a  large  effect  upon  the  track  depression  at  the 
middle  of  the  length  of  the  car.  The  center  of  the  truck  was  placed 
at  the  middle  of  the  length  of  the  rail,  except  on  Section  K  and  on 
cinder  ballast  (alternate  joints)  where  the  load  was  placed  at  the 
quarter  points  of  the  rail. 

The  level  bar  described  in  the  first  progress  report  was  used  in 
taking  the  levels  along  the  rails  for  zero  load  and  for  the  other  loads 
from  which  the  track  depressions  were  computed.  The  method  of 
making  a  test  was  the  same  as  that  described  in  the  first  progress  report. 
A  fixed  reference  stake  was  placed  80  in.  from  the  rail  and  levels 
were  carried  from  this  bench  mark  to  the  rail  by  means  of  the  level  bar 
for  each  set  of  levels.  A  set  of  levels  along  the  portion  of  the  rail  meas- 
ured was  first  taken  for  zero  load.  One  of  the  loads  was  then  applied 
and  levels  were  run  over  the  stretch  of  rail,  and  this  was  followed  with 
measurements  at  the  remaining  loads.  In  all  cases  levels  were  run  on 
both  rails. 

The  tests  were  made  on  the  main  line  of  the  Illinois  Central  Rail- 
road about  two  miles  north  of  Champaign,  111.,  on  the  track  pre- 
viously prepared  for  the  track  tests  and  on  the  sections  of  track 
marked  B,  C,  and  K  in  Fig.  26  of  the  previous  report.  The  ties  were 
the  6  by  8-in.  by  8-ft.  sawed  oak  ties  furnished  for  the  test  track  in  1914. 
The  rail  on  Sections  B  and  C  was  the  85-lb.  rail  of  Am.  Soc.  C.  E.  sec- 
tion, the  same  as  was  in  the  track  in  the  previous  tests,  and  that  on 
Section  K  was  the  125-lb.  rail  also  used  in  the  other  tests.  Besides  these 
tests,  a  test  was  made  on  the  north-bound  freight  lead  shown  in  Fig.  26 
of  the  previous  report,  which  has  85-lb.  rail  and  12  in.  or  more  of  cinder 
ballast,  and  the  usual  run  of  hewn  oak  ties  with  a  few  sawed  ties. 

The  main  track  had  not  been  tamped  for  some  time,  a  year  or  more, 
and  although  only  passenger  trains  used  it  ordinarily,  the  track  was 
not  in  good  surface  condition.  The  track  depressions  found  and  the 
flexural  action  of  the  ties  go  to  show  looseness  and  play  between  tie  and 
ballast.    Attention  should  be  called,  too,  to  the  scantiness  of  the  shoulder 
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of  ballast  on  the  outer  side  of  the  south-bound  track  (see  Fig.  43),  par- 
ticularly on  Section  B,  which  gave  little  support  to  the  ties  at  this  end. 
Altogether,  however,  the  track  was  not  in  bad  riding  condition  and 
may  be  said  to  be  representative  of  much  well-made  track  at  times  when 
it  has  received  the  effect  of  traffic  over  a  considerable  period  after  tamp- 
ing. At  one  location,  5-2,  the  track  was  tamped  slightly  between  tests 
but  not  enough  to  improve  its  condition  materially. 

On  Section  B,  tests  were  made  at  two  locations  (adjoining  rails) 
which  will  be  designated  B-1  and  i?-2.  This  section  has  12  in.  of  stone 
ballast.  On  Section  C,  the  two  locations  (also  on  adjoining  rails)  will 
be  designated  C-1  and  C-2.  This  section  has  6  in.  of  stone  ballast.  At 
Section  K  the  ballast  is  24  in.  deep. 

Figs.  31,  32,  33,  34,  and  35  give  the  track-depression  profiles.  The 
loads  given  are  the  total  loads  on  a  single  truck.  The  levels  were  taken 
for  a  length  of  40  ft.  or  more,  depending  upon  the  location  of  the  joints, 
and  the  results  for  the  full  length  are  given  for  Location  K,  C-1,  C-2 
and  cinder  ballast;  for  the  other  locations  the  profiles  for  a  shorter 
length  are  shown,  including  all  the  ties  which  carry  loads  of  any 
amount.  In  Figs.  32  and  33  load-depression  diagrams  have  been 
plotted  below  the  profiles  for  different  points  along  the  rail,  the  hori- 
zontal distances  being  proportional  to  the  load  on  the  truck;  the  inter- 
cept on  the  vertical  axis  of  the  straight  line  used  is  taken  as  the  vertical 
play  in  the  track.  In  several  cases  the  measurements  for  the  east  rail 
were  found  to  be  inconsistent  and  unreliable,  and  these  have  been 
discarded. 

In  making  the  calculations  for  tie  reactions,  the  amount  of  the  play 
found  from  the  load-depression  diagrams  was  subtracted  from  the 
observed  tie  depression;  the  total  load  was  divided  by  the  sum  of  the 
net  depressions  for  all  the  ties  carrying  load;  the  product  of  this 
quotient  and  the  net  depression  of  a  tie  was  taken  as  the  load  or  re- 
action of  that  tie.  If  the  play  found  for  different  parts  of  the  track- 
depression  profile  was  fairly  uniform  the  average  play  was  used.  In 
some  cases  the  play  differed  considerably  at  points  along  the  profile  and 
it  was  necessary  to  use  that  found  for  each  tie.  Generally  speaking,  the 
length  of  rail  considered  included  all  the  ties  showing  a  positive  net 
depression.  As  there  was  some  negative  reaction  on  ties  beyond  these 
limits  the  actual  load  on  the  ties  considered  was  in  reality  greater  than 
the  applied  load. 

In  Table  13  the  tie  reactions  are  given  for  the  several  tests.  The  val- 
ues are  given  in  terms  of  the  load  on  truck  at  the  end  of  the  car  used. 
The  ratios  given  in  the  table  are  more  convenient  for  making  compari- 
sons than  weights.  Values  found  from  the  higher  loads  are  given ;  for 
the  low  load  the  effect  of  the  tie  play  is  so  great  that  comparison  based 
on  this  load  would  not  be  especially  useful.     If  gross  depressions  had 
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Fig.   3J^. — Track   Depression    Profiles   on   Illinois   Central   Railroad. 
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been  used  instead  of  net  depressions  the  tie  reactions  throughout  the 
middle  of  the  track-depression  profile  would  be  smaller  than  the  values 
given  in  Table  13  and  those  away  from  the  loads  would  be  greater. 

The  values  in  Table  13  indicate  that  for  this  two-axle  loading  and 
85-lb.  rail  the  tie  reaction  at  the  wheel  is  from  13  to  16%  of  the  load  on 
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Fig.  32. — Track  Depression   Profiles  on   Illinois   Central  Railroad. 
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Fig.  33. Track  Depression  Profiles  on  Illinois  Central  Railroad. 

the  truck,  and  at  a  point  midway  between  wheels  the  tie  reaction  may  be 
1^%  more.  The  value  derived  by  means  of  track-depression  formulas 
found  by  the  analysis  given  in  the  first  progress  report  for  the  condi- 
tions of  this  test  is  about  15%  at  the  wheel  and  16%  midway  between 
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wheels.  The  depression  away  from  the  wheels  also  agrees  fairly  well 
with  that  determined  by  the  analysis.  Still  farther  away,  in  the  region 
where  negative  pressures  have  more  influence  in  the  analysis,  it  cannot 
be  expected  that  the  conditions  of  the  track  will  be  those  assumed  in 
the  analysis.  ' 
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Joint  on  West  Rail  [^  l-f^  ^ Joint  on  East  Rail 


^ 


■C3- 


1_JLJ       UJLJ        ULJLJ1_1        LJ—LJ- 


-E3 — cr 


-cj- 


I  0.00 

d  0.10 

c  0.20 

'^  0.30 

I  0.40 

"S  0.00 

g  0.10 

i  0.20 

I  0.30 

^  0.40 
0.50 


^■50, 


i2'~0. 


ia^ 

_ 

M--r;l   .1   - 

^^*<^ 

^ 

— 0 

^^ 

^^■■■^ 

-^ 

-i^pC 

s** 

^  . 

''^#? 

V 

,N 

■*"*«^^ 

.1.0  no 

1  Ih. 

^ 

\, 

^. 

■"-0 

— ^ 

-^ 

S, 

">i 

,v,. 

<^ 

I, 

*-<>. 

ipibS;^ 

*>  ^^ 

/' 

s  , 

*-^ 

.r^ 

>: 

^"- 

■^H-.,N\ 

■y 

Pinj) 

UUU^ 

^-<^ 

\—^ 

;*-S& 

^xj 

--*, 

' 

5-^ 

Pi 

■s 

'^ 

Q.. 

^^, 

West  Rail-Cinder 

N 

+p3 

7---0- 

^^ 

,^ 

-<, 

.^ 

Ne 

t  uepres 

Si  on 

S 

■"■°f-— 01 

4r  = 

100  000  lb 

1 

00 

— .^ 

>..«.^ 

T-»l 

'J 

10 

_.^ 

r^ 

0-- 

— -*^ 

20 

30 

.10 

Fig.  35. — Track  Depression  Profiles  on  Illinois  Central  Railroad. 

The  values  at  and  between  loads  given  in  Table  13  are  somewhat 

greater  for  a  truck  load  of  53  000  lb.  than  for  100  000  lb.,  although  the 

difference  in  ratios  is  not  large.     For  the  axle  load  of  18  000  lb.  the  ratio 

for  the  maximum  tie  reactions  is  still  somewhat  greater.    If  the  partial 
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resistance  corresponding  to  the  first  part  of  the  depression  of  the  track 
is  taken  into  consideration,  the  difference  in  the  ratios  corresponding  to 
the  three  loads  will  become  still  less.  Tor  most  purposes  it  is  sufficient 
to  consider  that  the  proportion  of  load  taken  by  a  tie  is  independent  of 
the  total  load  applied. 


FABLE 

13.-TIE  REACTIONS  IN  TERMS  OF  LOAD  ON 
ILLINOIS  CENTRAL  RAILROAD. 

TRUCK. 

Location 
of  Tests 

•"5  "o" 

.2  a 

O   -M 

P 

Total  Load  =  53  000  lb. 

L_JL_JL_JLJLJLJUUUU 

B-1 

85 

6  X  8 

12  in. 

0.02 

0.07 

0.11 

0.14 

0.16 

0.16 

0.14 

0.12 

0.08 

B-2 

85 

6  X  8 

12  in. 

0.01 

0.08 

0.15 

0.17 

0.18 

0.18 

0.15 

0.08 

0.00 

B-2 

85 

6  X  8 

12  in. 

0.02 

0.09 

0.16 

019 

0.18 

0.17 

0.13 

0.06 

0.00 

C-1 

85 

6  X  8 

6  in. 

0.05 

0.11 

0.17 

0.18 

0.17 

0.15 

0.11 

0.05 

0.01 

C-2 

85 

C  X  8 

6  in. 

0.04 

0.08 

0.12 

0.15 

0.16 

0.16 

0.14 

0.10 

0.05 

Total  Load  =  53  OCO  lb. 

LJI II_JLJ1_JL_1I_IL_JL_JL_I 

K 

125 

6  X  8 

24  in. 

0.00 

0.00 

0.00 

0.13 

0.14 

0.15 

0.15 

0.14 

0.10 

0.06 

Cinder 

85 

6  X  8 

0.00 

0.00 

0.04 

0.10 

0.15 

0.19 

0.21 

0.17 

0.09 

0.05 

Total  Load  =  100  000  lb. 

1 . 

LJULJLJLJLJLJLJULJ 

B-l 

85 

6  X  8 

12  in. 

0.03 

0.07 

0.11 

0.14 

0.15 

0.15 

0.14 

0.12 

0.09 

B-2 

85 

6  X  8 

12  in. 

0.03 

0.08 

0.14 

0.17 

0.17 

0.17 

0.14 

0.08 

0.02 

B-2 

85 

6  X  8 

12  in. 

0.05 

0.10 

0.14 

0.16 

0.16 

0.15 

0.13 

0.08 

0.03 

C-1 

85 

6  X  8 

12  in. 

0.06 

0.10 

0.16 

0.17 

0.16 

0.15 

0.12 

0.05 

0.02 

C-2 

85 

6  X  8 

12  in. 

0.06 

0.10 

0.13 

0.14 

0.15 

0.15 

0.13 

0.09 

0.05 

Total  Load  =  100  000  lb. 

LJL_JUUUUI_JL_JULJ 

K 

125 

G  X  8 

24  in. 

0.03 

0.06 

0.10 

0.12 

0.14 

0.14 

0.14 

0.12 

0.09 

0.06 

Cinder 

85 

G  X  8 

0.00 

0.00 

0  09 

0.14 

O.IG 

0.17 

0.18 

0.15 

0.07 

0.03 

As  would  be  expected,  the  stiffer  rail  at  Location  K  gives  a  wider 
distribution  of  load  and  a  smaller  maximum  tie  reaction.  By  the  analy- 
sis for  the  conditions  of  the  test,  the  reaction  of  the  tie  at  a  .wheel  is 
calculated  to  be  13%  of  the  load  on  the  truck.  The  depression  profiles 
for  this  location  are  regular,  and  nearly  the  same  for  the  two  rails,  as 


Papers.]  STRESSES    IN    RAILROAD    TRACK  215 

might  be  expected  with  the  stiffer  track.  On  the  other  hand,  the  de- 
pression profiles  for  the  freight  track  (cinder  ballast)  are  irregular  and 
vineven,  the  load-depression  curves  deviate  considerably  from  a  straight 
line,  and  the  conditions  are  such  as  to  give  uneven  loads  on  ties  and  to 
increase  the  stress  in  rail  over  that  which  would  be  found  in  good  track. 

The  amount  of  the  play  between  rail  and  tie  and  tie  and  ballast 
shown  by  the  load-depression  diagrams  ranged  from  0.06  to  0.18  in.  (un- 
tamped  track).  On  some  of  the  sections,  the  amount  varied  consider- 
ably throughout  the  length  carrying  the  load,  say,  0  to  0.10  in.,  showing 
a  great  diversity  in  the  bearing  of  the  several  ties.  The  condition  of  the 
bearing  at  the  two  sides  of  the  track  also  differed  considerably.  These 
facts  will  be  found  to  be  significant  when  the  discussion  of  the  flexure 
of  ties  is  made.  It  is  true,  of  course,  that  in  places  away  from  the  test 
sections,  which  had  ties  of  uniform  dimension  and  spacing,  the  track 
Ijlay  was  greater  and  more  variable,  as  could  be  observed  at  the  time 
trains  were  passing. 

The  values  of  u,  the  modulus  of  elasticity  of  rail-support,  obtained 
from  the  test  data  for  Locations  B  and  C,  range  from  900  to  1  300  lb.  per 
in.  per  in.,  with  an  average  value  of  1 100.  TheValue  at  Location  B-2, 
after  the  track  had  been  tamped  slightly,  was  about  1  200.  The  value  at 
Location  K  (24  in.  of  ballast  not  recently  tamped)  was  about  1  200. 
The  value  for  the  test  on  cinder  ballast  was  1  000,  although  it  must  be 
borne  in  mind  here  again  that  this  track  was  not  in  good  surface. 

20. — TracJc  Depression  Tests  on  Chicago,  Milwaukee  and  St.  Paul 
Railiuay. — The  tests  for  track  depression  on  the  Chicago,  Milwaukee 
and  St.  Paul  Railway  were  made  in  the  manner  already  described  for 
the  tests  on  the  Illinois  Central  Eailroad.  The  loads  on  the  truck  at 
one  end  of  a  car  were  100  000,  68  000,  and  37  000  lb.,  which  were  assumed 
to  be  equally  divided  among  the  four  wheels  of  the  truck.  The  wheel 
base  of  the  truck  was  5  ft.  6  in.,  and  the  distance  center  to  center  of 
trucks  was  28  ft.  10  in.,  29  ft.,  and  25  ft.  11  in.,  respectively,  for  the 
cars  giving  the  loads  named  above.  As  the  rails  were  laid  with  alter- 
nate joints,  the  center  of  the  trucks  was  placed  at  the  quarter  points  of 
the  rail. 

The  tests  were  made  on  the  main  line  of  the  Milwaukee  Division 
and  on  the  Janesville  Division,  a  branch  line.  The  tests  on  the  main 
line  were  made  at  two  points  (see  Fig.  36),  Q  on  the  east-bound  main 
track  about  a  mile  south  of  the  station  at  Deerfield,  111.,  (east  in  rail- 
road parlance)  and  0  and  P  on  the  east-bound  main  track  a  quarter  of 
a  mile  nearer  the  station.  In  each  case  passing  tracks  permitted  traffic 
to  be  routed  so  that  the  tests  were  not  interfered  with.  The  tests  on  the 
Janesville  Division  were  made  on  the  single  track  a  mile  west  of  the 
station  at  Libertyville,  Dl. 
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On  the  main-line  track  at  Deerfield  (called  by  the  Railroad  Company 
Class  A  track)  the  rail  was  100-lb.  Am,  Soc.  C.  E.  section.  The  ties  were 
mostly  hewn  red  oak  ties,  zinc-chloride  treated,  though  perhaps  20% 
were  sawed  ties  which  had  replaced  old  ties.  The  hewn  ties  were  vari- 
able in  width  ranging  from  8  to  11  in. ;  the  sawed  ties  were  8  in.  wide. 
Part  were  1  in.  thick  and  8  ft.  6  in.  long  and  part  G  in.  thick  and  8  ft. 
long.  The  ties  were  spaced  about  20  in.  center  to  center  (twenty  to  a 
rail  length  of  33  ft.).  The  spacing  was  fairly  uniform.  The  ballast  was 
bank-run  gravel,  45%  of  which  passes  a  i-in.  sieve.  The  depth  of  bal- 
last was  about  36  in.  At  the  side  next  the  other  main  track,  and  also  on 
the  other  side  of  Location  Q,  the  surface  of  the  ballast  ran  level  from  top 
of  tie  of  track  tested  to  top  of  the  tie  of  the  adjacent  track.  At  Location 
0  and  P,  on  the  outer  side  the  ballast  extended  at  level  of  the  tie  for  a 
distance  of  15  in.  from  the  end  of  the  tie  and  then  sloped  down  10  in. 
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TESTS  ON  CHICAGO,  MILWAUKEE  &   ST. PAUL  RAILWAY 
Fig.  36. — Location  of  Track  Depression  Tests  and  of  Tie  Flexure  Tests. 

in  2  ft.  (see  Fig.  44),  so  that  in  all  cases  there  was  adequate  opportunity 
for  full  support  at  the  end  of  the  tie.  The  track  surface  was  in  good 
condition,  but  it  had  not  been  tamped  for  some  months.  The  roadbed 
at  Location  Q  was  not  much  above  the  level  of  the  ground;  Location  0 
and  P  was  on  an  embankment  of  considerable  age. 

On  the  branch-line  track  at  Liberty ville  (called  by  the  Railroad  Com- 
pany Class  B  track)  the  rail  was  75-lb.  Am.  Soc.  C.  E.,  section.  The  ties 
were  mostly  hewn  soft  wood  ties,  quite  irregular  in  shape,  but  20%  were 
sawed  ties,  both  oak  and  soft  wood.  The  sawed  ties  were  6  by  8  in.  by 
8  ft.,  and  the  hewn  ties  were  somewhat  wider.  The  ties  were  spaced 
twenty  to  a  rail  length  of  33  feet.  The  ballast  was  gravel  about  36  in. 
deep.  Due  to  the  existence  of  the  passing  track  (see  Figs.  36  and  44) 
there  was  little  slope  on  one  side  of  the  track.  On  the  other  the  ballast 
sloped  from  3  in.  below  the  top  of  tie  at  its  end  at  a  1:2  slope, 
forming  a  less  effective  support  than  was  found  on  the  other  side.     The 
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track  surface  was  in  indifferent  condition,  the  track  not  having  been 
tamped  for  some  time.  At  phices  this  track  had  been  built  over  soft 
spots,  which  at  times  had  given  trouble  by  subsidence. 

Fig.  37  gives  the  track-depression  profiles  at  Locations  Q  and  P 
of  Class  A  track  and  Fig.  38  at  Location  0.  In  the  figures  load-depres- 
sion diagrams  at  several  points  of  these  profiles  are  also  given.  The 
play  in  track  denoted  by  the  intercept  at  the  vertical  axis,  found  as 
shown  in  Fig.  30,  was  determined  for  a  number  of  points  along  the  rail ; 
in  Fig.  37  (and  also  in  Figs.  39  and  40)  a  second  set  of  profiles  for  one 
test  has  been  drawn  by  plotting  the  net  depressions  found  by  deducting 
from  the  measured  depression  the  play  so  determined.  It  will  be  noted 
that  the  profile  of  measured  depressions  is  somewhat  irregular  and  un- 
symmetrical.  The  profile  of  net  depressions  is  more  nearly  regular  and 
symmetrical,  and  the  final  load-depression  ratio  shows  nearly  the  same 
stiffness  throughout.  This  illustrates  the  variations  in  tie-bearing  at 
points  close  together  even  in  good  track  in  fair  condition ;  it  has  signifi- 
cance in  relation  to  bearing  pressure  of  tie,  tamping  conditions,  and 
stress  developed  in  the  rail.  The  amount  of  the  track  play  ranges  from 
0.02  to  0.17  in,  in  the  track-depression  profile  of  Figs.  37  and  38.  In 
these  tests,  also,  the  depressions  for  one  rail  differed  considerably  from 
those  for  the  other,  though  the  net  depressions  were  in  close  agreement. 

Figs.  39  and  40  give  the  track-depression  profiles  on  Class  B  track 
and  also  load-depression  diagrams  for  several  points  along  the  rail  for 
these  tests.  This  track  shows  more  irregularity  along  the  length  of  the 
rail  and  more  variation  in  play  than  was  found  in  Class  A  track.  At  the 
point  of  maximum  depression  on  the  west  rail  of  the  upper  profile  of 
Fig.  39  the  tie  had  been  cut  into  by  the  tie  plate  about  i  in.,  a  fact 
which  was  brought  out  when  the  load  was  applied. 

In  Table  14  the  tie  reactions  are  given  for  the  several  tests  on  the 
Chicago,  Milwaukee  and  St.  Paul  Railway,  the  values  being  in  terms  of 
the  load  on  one  truck.  The  values  at  and  between  wheels  range  from 
10  to  15%.  Class  A  with  the  heavier  rail  has  a  somewhat  lower  tie  re- 
action than  Class  B.  * 

The  value  of  u,  the  modulus  of  elasticity  of  rail-support  obtained 
from  the  track-depression  profiles,  is  about  2  000  lb.  per  in.  per  in.  for 
class  A  track,  and  900  for  Class  B  track.  The  value  for  Class  A  track  is 
materially  higher  than  that  found  in  the  Illinois  Central  tests.  Several 
factors  may  contribute  to  this — longer  ties,  broader  ties  (more  bearing 
area  in  a  rail  length),  gravel  ballast  instead  of  limestone  ballast, 
greater  depth  of  ballast,  or  better  supporting  conditions  at  ends  of  ties. 

lY.— Depression,  Flexure,  and  Bearing  Pressure  op  Cross-Ties. 

21. — The  Cross-Tie  and  its  Action  under  Load. — In  railroad  track 
of  ordinary  construction  the  cross-tie  performs  many  important  func- 
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Fig.  37. — Track   Depression   Profiles   ox   Chicago,   Milwaukee  and 
St.  Paul  Railway  :  Class  A  Track. 
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tions — it  bears  the  load  transmitted  from  the  rails,  makes  a  definite 
connection  and  spacing  between  the  two  lines  of  rails,  transmits  the 
pressure  to  the  bed  of  ballast  and  by  its  properties  as  a  beam  distrib- 
utes this  pressure  along  its  length.  It  thus  is  subject  to  compression 
under  and  in  the  vicinity  of  the  rail,  to  tension  or  compression  as  a 
structural  connection  between  rails,  and  to  beam  action  in  giving 
distribution  to  bearing  pressures  along  its  bed.  Of  these  the  last  bears 
the  most  important  relation  to  the  problems  here  considered;  the  others 
will  not  be  treated  at  this  time. 

The  cross-tie  has  many  features  which  make  it  an  acceptable  part 
of  ordinary  track  construction.     It  has  great  flexibility  in  meeting  the 
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Fig.  38. — Track   Depression   Profiles  on  Chicago,   Milwaukee   and 
St.  Paul  Railway  :  Class  A  Track. 

varied  and  diverse  requirements  of  both  ordinary  and  unexpected  track 
and  load  conditions.  It  gives  facility  in  providing,  maintaining,  or 
shifting  the  gauge,  line  and  surface  of  track  and  in  tie  renewals  and 
other  changes  in  track,  and  is  accepted  as  an  economical  and  reliable 
element  of  ordinary  track  construction.  It  is  known  to  be  effective 
under  very  imperfect  track  conditions,  being  used  where  great  variation 
of  size  and  quality  of  tie,  depth  and  quality  of  ballast,  and  condition  of 
tamping  of  track  may  be  expected  to  cause  marked  differences  in  the 
requirements  put  upon  it.  Quantitative  data  on  the  flexural  action  of 
the  tie  and  the  way  its  loads  are  distributed  along  its  bed,  as  well  as 
of  its  depressions  under  load,  therefore  should  be  of  considerable  value. 


220 


STRESSES    IN"    RAILROAD    TRACK 


[Papers. 


£2. — Method  of  AttacJdng  the  ProUem. — The  problem  to  be  con- 
sidered relating  to  the  action  of  the  tie  involves  the  distribution  and 
intensity  of  the  bearing  pressure  on  its  bed  along  its  length  and  also 
the  bending  moments  and  stresses  developed  by  this  pressure  and  the 
load  applied  through  the  rails — these  to  be  determined  for  the  limits 
and  ranges  of  values  included  in  the  variety  of  conditions  to  be  found 
in  track.  This  information  will  throw  light  on  the  question  of  the 
intensity  of  pressure  on  the  ballast  and  also  on  the  design  of  the  tie, 
particularly  if  a  tie  of  new  form  or  dimensions  or  of  materials  other 
than  wood  were  to  be  considered.  The  question  of  the  intensity  of 
pressure  on  the  ballast  for  differing  conditions  of  track  tamping  or  of 
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track  maintenance  has  a  bearing  on  the  questions  relating  to  track 
ballasting.  Even  bearing  pressures  give  good  riding  quality  to  the 
track,  while  spots  with  less  and  greater  resistance  to  depression  increase 
the  stress  in  the  rail  and  other  parts  of  the  structure  and  cause  more 
rapid  deterioration  in  the  quality  of  the  track.  The  determination  of 
bending  moments  and  stresses  is  closely  related  to  various  other  parts 
of  the  problem. 

A  study  of  methods  which  may  be  used  in  attacking  the  problem  of 
determining  the  distribution  of  the  bearing  pressure  along  the  length 
of  the  tie  will  bring  out  the  difficulties  attending  the  experimental  work. 
There  is  a  great  diversity  of  variations — differences   in  bearing  pres- 
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Pig.  39. — Track   Depression  Profiles  on   Chicago,   Milwaukee  and 
St.  Paul  Railway  :  Class  B  Track. 
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Fig. 


40. — Track   Depression  Profiles   on   Chicago.   Milwaukee  and 
St.  Paul  Railway  :  Class  B  Track. 
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sures  across  the  width  of  the  tie  and  along  the  tie;  phay  between  tie  and 
its  bed,  which  varies  in  different  parts  of  the  length  of  the  tie  and 
varies  greatly  with  the  nature  of  the  tamping  and  the  effects  of  the 
action  of  traffic;  unequal  stiffness  (yieldability)  of  the  ballast  at  vari- 
ous points — these  illustrate  difficulties  encountered  in  the  problem. 
The  use  of  pressure-measuring  devices  between  tie  and  ballast — such 
as  the  pressure  capsule  described  in  the  first  progress  report — gave 
general  information  and  served  fairly  well  in  the  laboratory  investi- 
gation; but  the  number  required  in  the  length  of  one  tie  to  give  the 
needed  information  and  large  number  of  ties  required  to  determine 
the  run  of  conditions,  the  disturbance  of  the  track  through  inserting 
the  instruments  with  the  uncertainty  as  to  whether  the  resulting  con- 
dition of  track  was  representative  of  normal  track,  and  the  chance  for 
instruments  becoming  deranged  in  the  interval  elapsing  until  the  track 
would  seem  to  have  reached  normal  conditions,  all  combined  to  make 
the  direct  measurement  of  bearing  pressure  impracticable  as  a  method 
of  getting  the  information  desired  on  this  subject.  Of  indirect  methods 
the  measurement  of  the  strains  or  deformations  along  the  length  of 
the  tie  as  produced  by  its  bending  was  considered,  but  variations  in 
the  properties  of  the  wood,  especially  under  field  conditions,  as  well  as 
uncertainties  of  other  kinds,  rendered  this  method  impracticable. 

A  trial  was  then  made  of  a  method  of  measuring  the  curve  of 
flexure  of  the  tie  as  it  bends  under  the  applied  load  in  the  track  and 
making  use  of  the  relations  between  flexure,  bending  moment,  and  load 
as  derived  by  mechanics  of  materials  for  a  beam  having  the  proper- 
ties of  the  timber  tie  used.  The  measurements  made  included  also  the 
depression  of  the  tie  below  its  original  position,  as  produced  by  the 
compression  of  the  ballast  and  roadway  or  other  conditions.  This 
method  is  manifestly  imperfect,  having  a  number  of  limitations  and 
uncertainties,  but  it  is  not  difficult  to  use,  the  track  conditions  may  be 
taken  as  they  are  found,  and  the  number  of  tests  may  be  chosen  to 
cover  a  variety  of  conditions  of  ties  and  track.  The  measurement  of 
tie  depressions  also  gives  information  of  value  in  the  study  of  stresses 
in  track.  The  method  was  used  therefore  as  being  the  best  known 
method  applicable  to  the  conditions  of  the  track  tests.  It  has  given 
data  of  value,  although  certain  uncertainties  and  inconsistencies  are 
discernible  in  the  results,  especially  those  resulting  from  the  local 
bearing  compression  in  the  vicinity  of  the  rail.  The  details  of  the 
method  will  be  described  in  the  following  article.  The  consideration 
of  the  bending  moments  will  be  given  in  a  succeeding  article.  Here 
it  is  only  necessary  to  note  that  the  curvature  of  the  curve  of  flexure 
of  the  beam  at  any  point  is  proportional  to  the  corresponding  moment 
and  stress — the  sharper  the  curve  the  greater  the  moment  and  the 
stress. 
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23. — Method  of  Making  Tests. — In  measuring  the  depression  and 
flexure  of  the  ties  a  stiif  wooden  reference  bar  (see  Figs.  41  and  42) 
was  placed  under  the  rails  between  ties  and  close  to  the  one  on  which 
measurements  were  taken.  At  each  end  of  this  bar  was  attached  an 
iron  cross-bar  about  2  ft.  long,  the  ends  of  which  rested  on  two  sub- 
stantial stakes  well  driven  into  the  ground,  giving  a  firm  support  to 
the  apparatus.  These  stakes  were  7  ft.  or  more  from  the  center  of  the 
track.  Attached  to  the  main  bar  were  iron  brackets  (shown  in  Fig.  41) 
which  projected  over  the  tie.  To  each  bracket  was  attached  a  piece  of 
small  angle  iron ;  on  this  was  bolted  an  Ames  dial  gauge  which  reacted 
against  a  tack  driven  at  the  mid-point  of  the  width  of  the  tie  and  served 
to  measure  the  depression  of  the  tie  at  that  point.  The  arrangement  of 
the  attachment  permitted  adjustments  vertically  and  horizontally. 


Fig.  41. — Reference   Bar  for  Test  of   Depression  and  Flexure  of   Tie. 


Before  applying  a  load  the  dials  were  adjusted  to  read  zero.  For 
each  load  applied  the  dials  were  read  to  the  nearest  half -thousandth 
of  an  inch.  When  the  load  was  removed,  a  small  depression  was  indi- 
cated by  the  dials  and  they  were  again  set  at  zero.  The  same  load  was 
again  applied,  the  process  being  continued  until  three  consistent  sets 
of  readings  were  obtained.  The  average  of  these  sets  of  readings  was 
used. 

In  the  tests  on  the  Illinois  Central  Railroad  nine  dial  gauges  were 
used — five  between  rails  and  two  on  the  outer  side  of  each  rail.  This 
number  of  points  was  found  not  to  determine  the  curve  of  flexure  as 
accurately  as  was  desired,  and  in  the  later  tests  made  on  the  Chicago, 
Milwaukee  and  St.  Paul  Railway  the  number  of  dials  was  increased  to 
thirteen,  seven  between  rails  and  three  on  the  outer  side  of  each  rail;  this 
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Fig.  42. — Reference  Bar  for  Test  of  Depression  and  Flexure  of  Tie. 
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improved  the  character  of  the  data  very  much.  In  each  case  the  dials 
next  the  rails  vpere  1  to  2  in.  away  from  the  base. 

The  loads  were  given  by  means  of  loaded  cars,  as  already  described 
for  the  tests  of  track  depression.  The  three  loads  on  a  single  truck 
(two  axles)  were  18  000,  53  000,  and  100  000  lb.  on  the  Illinois  Central 
Railroad  and  37  000,  68  000,  and  100  000  lb.  on  the  Chicago,  Milwaukee 
and  St.  Paul  Railway.  The  leading  wheels  of  the  truck  carrying  the 
load  were  placed  directly  over  the  tie  under  test.  The  amount  of  the 
load  considered  to  bear  on  the  tie  under  test  was  taken  from  the  results 
of  the  track-depression  tests  at  the  given  location.  The  smallest  load 
used  was  generally  more  than  sufficient  to  overcome  the  play  between 
tie  and  ballast,  though  of  course  this  should  not  be  taken  to  mean  that 
under  this  condition  the  pressure  on  the  bed  of  ballast  is  distributed 
uniformly  along  the  length  of  the  tie.  The  largest  load  used  gave  a  tie 
reaction  considerably  less  than  that  which  would  be  caused  at  and 
between  drivers  by  an  ordinary  Mikado  or  Santa  Fe  type  locomotive. 
In  the  study  of  the  data  the  largest  load  was  generally  used,  though  the 
smaller  loads  have  given  valuable  information  on  the  action  of  the  tie. 

The  readings  in  all  the  tests  checked  very  closely  and  the  results 
are  concordant.  The  effect  of  the  rail  bearing  in  compressing  the  fibers 
adjacent  to  the  rail  is  unknov^n,  but  the  reading  of  the  dials  next  to  the 
rail  must  include  the  general  depression  and  bending  of  the  tie  and 
also  a  third  element — the  influence  of  the  local  downward  compres- 
sion of  the  tie  due  to  the  bearing  pressure  of  the  rail;  the  latter  will 
have  to  be  taken  into  account  in  interpreting  the  curves  of  flexure  as 
related  to  bending  moments  and  stresses. 

The  form  of  reference  bar  given  in  Fig.  41  is  the  improved  form 
used  in  the  tests  on  the  Chicago,  Milwaukee  and  St.  Paul  Railway. 
The  bar  used  in  the  earlier  tests  was  lighter  and  less  stiff.  In  the  use 
of  this  apparatus  it  should  be  noted  that  it  was  necessary  to  remove 
the  ballast  between  the  tie  to  be  tested  and  an  adjoining  tie  to  a 
depth  of  4  or  5  in.  below  the  top  of  tie.  This  probably  had  little  effect 
upon  the  action  of  the  tie  during  the  tests,  although  under  continued 
traffic  of  no  greater  loads  the  effect  might  be  noticeable. 

2Jt.. — Location  and  Description  of  Track. — Fig.  36  gives  data  on  the 
location  of  ties  at  which  measurements  of  depression  and  flexure  were 
made,  together  with  condition  of  the  track.  The  letters  B,  C,  and  K 
designating  location  on  the  Illinois  Central  Railroad  refer  to  the  sec- 
tions of  track  north  of  Champaign,  111.,  shown  in  Fig.  26  of  the  first 
progress  report.  The  ties  on  the  main-line  track  were  the  sawed  oak 
ties  (6  by  8  in.  by  8  ft.)  furnished  for  the  test  track  in  1914.  The  tests 
on  the  freight  lead  were  made  on  two  hewn  oak  ties  about  6|  by  8|  in. 
by  8  ft.  and  a  sawed  oak  tie  6  by  8  in.  by  8  ft.  The  location  of  the  tests 
on  the  Chicago,  Milwaukee  and  St.  Paul  Railway  has  already  been 
described  under  "Track  Depression  Tests  on  the  Chicago,  Milwaukee 
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and  St.  Paul  Railway".  Sawed  ties  were  selected  for  test  because  of 
their  uniformity  of  cross-section.  The  ties  on  Class  A  track  were  7  by 
8  in.  by  8  ft.  6  in. ;  those  on  Class  B  track  6  by  8  in.  by  8  ft.  Tie  plates 
8  by  9  in.  were  on  all  ties  in  the  Class  B  track. 

Attention  should  be  called  to  the  condition  of  the  cross-section  of 
track  at  the  test  locations  given  in  Figs.  43  and  44.  In  some  of  the 
sections  on  the  Illinois  Central  Railroad  it  may  be  seen  that  there  is 
a  scant  amount  of  ballast  above  the  bottom  of  the  tie  near  its  ends, 
particularly  on  the  outer  side  of  the  track.  On  the  Chicago,  Milwaukee 
and  St.  Paul  Railway,  as  has  already  been  pointed  out,  the  sections 
are  such  that  there  was  opportunity  for  full  support  at  the  end  of  the 
tie.  The  condition  of  the  track  surface  has  been  described  under 
"Track  Depressions" ;  it  may  be  well  again  to  call  attention  to  the  fact 
that  the  track  in  all  the  test  locations  had  not  received  a  general  tamp- 
ing for  some  time  and  that  in  some  locations  it  was  apparent  that  the 
track  was  in  indifferent  condition  as  to  surface  and  tamping,  and  thus 
furnished  opportunity  to  determine  depressions  and  flexure  under  other 
than  best  conditions,  and  really  under  conditions  frequently  found  in 
practice. 

25. — Diagrams  of  Depression  and  Flexure  and  Their  Significance. — 
Pigs.  45  to  54  give  the  depressions  and  flexure  of  the  individual  ties 
iat  a  truck  load  of  100  000  lb.  The  load  on  a  single  tie,  as  determined  by 
the  track-depression  profiles,  ranged  from  11  000  to  18  000  lb. ;  perhaps 
averaging  15  000  lb.  The  vertical  scale  is  relatively  large,  thus  bring- 
ing out  the  curvature,  which  of  course  is  slight,  as  is  the  case  with  any 
short  stiff  beam.  The  tie  depression  under  this  load  varies  from  0.35 
to  0.5  in.  Figs.  55  and  56  give  composite  diagrams  of  the  flexure  of  sev- 
eral ties  at  the  same  location  and  which  have  the  same  general  char- 
acteristics of  flexure;  the  differences  in  depressions  and  the  tilting  of 
the  ties  are  not  here  considered — the  diagrams  are  plotted  with  refer- 
ence to  a  line  drawn  from  rail  to  rail.  In  Fig.  47  curves  are  drawn 
to  represent  the  depressions  and  flexure  for  all  three  truck  loads.  The 
dotted  lines  given  in  this  figure  (and  in  the  other  figures),  obtained  by 
a  method  described  farther  on,  are  intended  to  represent  the  position 
of  the  ballast  bed  under  the  tie  when  there  is  no  load  on  the  tie;  the 
dotted  lines  given  are  for  the  tie  "before  tamping". 

An  examination  of  the  diagrams  of  depression  and  flexure  brings 
out  a  variety  of  conditions.  It  will  be  observed  that  there  is  bending 
of  tie  in  every  case,  though  the  form  of  the  curve  varies  greatly.  It 
is  evident  that  there  must  be  great  differences  in  the  way  in  which  the 
bearing  pressure  varies  along  the  length  of  the  tie  under  the  conditions 
to  which  ties  are  subjected.  In  many  ties  there  is  play  between  the 
tie  and  its  bed  at  one  point  or  another  or  even  over  a  considerable  portion 
of  its  length,  which  not  only  gives  unevenness  of  track  depression  but 
increases  the  intensity  of  bearing  pressure  at  some  ix)int  along  the  tie 
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Fig.  43. — Cross-Sections  of  Track  on  Illinois  Central  Railroad. 
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Fig.  44. — Cross-SectiO'NS   of   Track  on   Chicago,   Milwaukee   and 
St.  Paul,  Railway. 
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and  gives  added  bending  stresses  in  the  tie.  It  is  clear  that  there  is  a 
great  variety  of  distribution  of  bending  moments  along  the  tie — the 
bending  moment  at  a  section  at  the  middle  of  the  tie  may  be  positive 
in  one  tie  and  negative  in  another,  as  is  shovpn  for  Tie  o  in  Fig.  50  for 
"after  tamping"  and  "before  tamping".  Attention  should  be  called  to 
the  fact  that  the  tamping  done  was  slight  and  at  the  ends  of  the  tie 
only;  the  term  "after  tamping"  should  not  be  taken  to  mean  a  general 
tamping. 

The  conditions  just  referred  to  are  ordinarily  termed  endbound  and 
centerbound.  It  will  appear  that  the  latter  condition  is  very  common; 
in  fact,   the   upward  curvature   at  the  middle  and   a  large  negative 
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-Diagram  of  Depression  and  Flexure  of  Ties,  Illinois 
Central  Railroad. 


moment  accompanying  it  may  be  expected  in  most  track  after  traffic 
has  had  its  effect  upon  track  condition.  The  immediate  effect  of 
tamping  a  tie  in  ballast  already  well  compacted  being  to  change  the 
bearing  conditions  along  the  tie  (the  compacting  of  the  ballast  in  the 
tamping  having  only  a  secondary  effect),  a  fresh  tamping  or  a  change 
in  the  place  of  tamping  makes  a  marked  effect  on  the  flexure  of  the  tie. 
The  ties  in  Location  B  were  found  to  be  loose  at  their  ends  under  the 
conditions  of  the  track  in  service,  with  a  resulting  flexure  curve  shown 
in  Figs.  46,  47,  and  48  for  Ties  c  to  k.  The  part  of  these  ties  outside  the 
rails  was  then  tamped  slightly,  not  vigorously,  and  the  curve  in  Fig. 
49  for  Tie  g  slightly  tamped  shows  that  the  bearing  is  largely  at  the 
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F^G.  46. — Diagram  of   Depression   and   Flexure  of  Ties, 
Illinois  Central  Railroad. 
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Fig.  47. — Diagram  of  Depression  and  Flexure  of  Ties, 
Illinois  Central  Railroad. 
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Pig.  48. — Diagram  of  Depression  and  Flexure  of  Ties, 
Illinois  Central  Railroad. 
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Fig.  49. — Diagram  of  Depression  and  Flexure  of  Ties, 
Illinois  Central  Railroad. 
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Pig  50. — Diagram  of  Depression  and  Flexure  of  Ties, 
Illinois  Central  Railroad. 
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Fig.  51. — Diagram  of  Depression  and  Flexure  of  Ties, 
Illinois  Central  Railroad. 
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Fig.  52. — Diagram  of  Depression  and  Flexure  of  Ties, 
Illinois  Central  Railroad. 
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Fig.  53. — Diagram  of  Depression  and  Flexure  of  Ties,  Chicago, 
Milwaukee  and  St.  Paul  Railway. 
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Fig.  54. — Diagram  of  Depression  and  Flexure  of  Ties,  Chicago, 
Milwaukee  and  St.  Paul  Railway. 


Papers.] 


STRESSES    IN    RAILROAD    TRACK 


241 


Fig.  55. — Composite  Diagrams  of  Tie  Flexure,  Illinois  Central  Railroad. 
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ends  of  the  tie.  Change  iu  position  of  the  ballast  under  traffic  condi 
tions  will  soon  modify  the  distribution  of  bearing  pressure.  Even 
though  the  tamping  is  restricted  to  a  space  adjacent  to  the  two  rails, 
the  depression  of  the  track  vmder  load  may  be  expected  to  bring  some 
bearing  pressure  at  the  middle  of  the  tie  length,  and  the  action  of  a 
repetition  of  applications  of  pressures  of  high  intensity  over  the  tamped 
portion  will  cause  a  movement  of  the  ballast  and  a  redistribution  of 
bearing  pressures. 


Fig.  56. — Composite  Diagrams  of  Tie  Flexure,  Chicago, 
Milwaukee  and  St.  Paul  R.ulway. 

The  condition  of  the  ballast  section  at  and  beyond  the  end  of  the 
tie  seems  to  have  a  modifying  influence  upon  bearing  conditions.  The 
scantness  of  the  shoulder  in  Section  B  of  the  Illinois  Central  Railroad 
evidently  contributed  to  the  loose  ends  and  play  of  many  of  these 
ties,  especially  those  whose  looseness  was  noticeable  by  inspection;  the 
effect  of  this  probably  becoming  apparent  only  after  traffic  had  pro- 
duced appreciable  changes  in  the  position  of  the  particles  of  ballast, 
The  more  complete  support  at  end  of  tie  in  the  ballast  section  on  the 
Chicago,  Milwaukee  and  St.  Paul  Railway  gives  conditions  which  are 
quite  different. 

The  initial  position  of  the  ballast  bed  with  respect  to  the  bottom  of 
the  tie  for  the  compact  condition  of  ballast  existing  in  the  track  test<;Ji 
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TABLE  15. — Tests  of  Depression  and  Flexure  of  Ties. 


Location. 

1^ 

is 

Designation. 

Ballast. 

Remarks. 

I 
A     

LLI 
3 

1 
6 
3 
1 
5 
3 

3 

Ml 

5 

4 

NOis  Centrai 

A  a,  b 

^   Railroa 

12-in.  stone.. 

do. 

do. 

do. 
6  in  stone... 

do. 
34-in.  stone. . 

12-in.  cinder. 

St.  Paul 

36-in.  gravel, 
do. 

D 

85-lb.  rail;  7  by  9-in.  by 
8-ft.  oak  ties. 

6  by  8-in.  by  8-ft.  oak  ties. 

do. 

do 

B 

B-\  c 

B  (joint) 

B=-2d.  e,  f,  g,  h,i. 

B  (joint)  J,  k 

C-\l 

C 

do 

K 

C-3  m,  n,  0,  p,q.. 
Kr,  s,t 

do. 

12.5-ib.   rail:  6   by  8-in.  by 
8-ft.  oak  ties. 

85-lb.  rail;  hewn  ties. 

Railway 

100- lb.  rail;  7  by  8  in.  by 
8-ft.  6-in.  oak  lies. 

75-lb.  rail;  6  by  8-in.  by 
8-ft.  soft  wood  ties. 

North-bound  freight  lead. 

Chicago, 

Class  A  track 

Cinder,  t«,  ?•,  w... . 

LWAUKEE   AND 

Class  A  a,b,c,d,e 

Class  B/,  g,  h,  i.. 

Class  B  track 

may  be  found  approximately  by  the  following  method.  In  any  diagram 
of  depression  and  flexure  (as,  for  example,  Fig.  47),  for  each  point 
along  the  tie  and  each  depressed  position  lay  off  a  horizontal  distance 
proportional  to  the  load  producing  the  given  tie  depression.  The  points 
so  measured  for  the  three  loads  used  will  be  found  to  lie  almost  in  a 
straight  line.  Produce  such  a  straight  line  to  intersect  the  vertical  line 
through  the  initial  position  of  the  point  on  the  tie.  This  intersection 
would  be  the  initial  position  of  the  ballast  bed  under  the  point  on  the 
tie  if  the  bearing  pressure  was  uniform  along  the  tie.  A  second 
approximation  (which  it  is  not  generally  necessary  to  make)  may  be 
made  by  assuming  that  at  any  given  point  the  intensity  of  the  bearing 
pressure  accompanying  each  load  varies  as  the  vertical  distance  from 
the  point  just  found  to  the  position  occupied  at  the  given  load.  This 
method  will  locate  quite  closely  the  initial  position  of  the  bed  for  track 
with  well  compacted  ballast.  The  bending  of  the  tie  to  fit  minor  depres- 
sions, such  as  that  which  may  exist  directly  under  the  rail,  is  not 
taken  into  account;  this  would  modify  the  results  but  slightly.  The 
dotted  lines  given  in  the  figures,  obtained  in  the  manner  described, 
may  then  be  expected  to  represent  fairly  closely  the  initial  position  of 
the  bed  under  the  tie.  Play  is  given  by  the  space  between  this  line 
and  the  tie.  It  will  be  seen  from  the  diagrams  that  the  ties  which 
show  large  upward  curvature  at  the  middle  have  their  beds  curved  in 
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the  same  manner;  in  other  cases  the  bed  at  the  middle  is  much  lower 
than  at  the  ends  of  the  tie — the  play  between  tie  and  bed  being  at  the 
ends  in  one  case  and  at  the  middle  in  the  other. 

As  the  amount  of  depression  affects  the  modulus  of  elasticity  of  rail- 
support,  u,  it  may  be  expected  that  the  condition  of  tie  and  ballast  will 
be  influential  factors.  In  determining  u,  the  play  in  track  depression 
was  omitted  from  the  values,  though  of  course  it  enters  into  the  devel- 
opment of  stresses  in  the  rail  and  is  known  to  produce  higher  stresses 
than  would  otherwise  occur,  especially  if  the  play  varies  from  tie  to 
tie.  The  bending  of  the  ties,  however,  and  especially  that  under  the 
rail,  tends  to  make  low  values  of  u.  Another  element  contributing 
toward  the  higher  value  of  u  in  the  Chicago,  Milwaukee  and  St.  Paul 
Railway  track,  already  referred  to,  seems  to  be  the  gravel  ballast;  there 
are  fewer  voids  and  a  greater  cross-section  of  material  to  take  the  load 
and  therefore  the  amount  of  compression  in  the  ballast  may  be  expected 
to  be  less.  The  modulus  of  elasticity  of  the  limestone  used  on  the 
Illinois  Central  Railroad  is  less  than  that  of  the  gravel  of  the  Chicago, 
Milwaukee  and  St.  Paul  Railway. 

Attention  is  called  to  the  fact  that  the  deflections  in  the  flexute  curve 
of  the  7  by  9-in.  ties  are  much  smaller  than  those  in  the  6  by  8-in.  ties ; 
for  the  same  loading  the  deflections  may  be  expected  to  vary  inversely 
as  the  moment  of  inertia  of  the  section  and  the  moment  of  inertia 
of  the  7  by  9-in.  tie  is  nearly  70%  greater  than  that  of  the  6  by  8-in. 
tie.  It  may  be  added  that  the  greater  stiffness  of  tie  should  help  in 
making  more  uniform  pressures  along  the  length  of  the  tie. 

The  joint  ties,  j  and  Ic  (see  Figs.  36  and  48)  were  chosen  for  test 
because  they  were  particularly  loose  and  showed  much  play.  The  effect 
of  tamping  on  this  tie  is  very  noticeable.  The  condition  of  the  joint 
Tie  i  (see  Fig.  48)  is  not  especially  different  from  the  other  ties  in  the 
vicinity. 

The  composite  diagram  for  the  ties  on  cinder  ballast  gives  a  good 
appearance,  symmetrical  and  with  apparent  good  end  bearing,  but  it 
should  be  noted  that  these  curves  are  not  plotted  from  gross  depres- 
sions; the  individual  ties  give  markedly  different  curves,  tilting  first 
to  one  side  of  the  track  and  then  to  the  other.  This  is  due  not  only 
to  the  ballast  and  condition  of  tamping,  but  to  the  fact  that  the  ties 
were  unevenly  spaced  and  did  not  always  lie  at  right  angles  to  the 
rails.  The  change  from  the  greatest  depression  occurring  at  the  end 
of  a  tie  at  one  side  of  the  track  to  the  greatest  depression  at  the  other 
side  of  the  track  within  a  short  distance  was  not  confined  to  the  freight 
tracks  and  cinder  ballast.  The  tilting  of  the  tie  to  one  side  of  the  track, 
however,  was  more  common  where  the  shoulder  of  ballast  was  scant. 

The  effect  of  the  greater  length  of  tie  in  Class  A  track  will  be  con- 
sidered in  the  next  article. 
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26. — Bearing  Pressure  and  Bending  Moment. — If  the  intensity  of 
the  tie  reaction  were  directly  proportional  to  the  measured  tie  depression 
it  would  be  easy  to  find  the  distribution  of  the  tie  reaction  along  the 
length  of  the  tie  by  the  use  of  the  diagrams  of  tie  depressions  already 
given.  Two  variations  from  this  law  of  distribution  of  pressure  are 
known  to  exist;  (a),  due  to  the  condition  of  ballast  bed  under  the  tie 
the  unloaded  tie  may  not  touch  its  bed  at  all  points  and  (6),  the  bal- 
last may  be  more  compact  and  more  stiff  at  one  point  than  at  another. 
Most  of  the  uncertainty  due  to  the  first  condition  may  be  overcome 
by  the  use  of  the  dotted  line  in  the  diagrams  of  tie  depression  as 
expressing  the  initial  position  of  the  tie  bed;  there  may  be  a  further 
depression  in  the  bed  due  to  the  bending  of  the  tie  immediately 
under  the  rail,  as  shown  in  Fig.  54  (left  end  of  Tie  h).  The  dotted 
lines  of  the  figures  generally  indicate  a  centerbound  condition;  this 
gives  a  bending  moment  at  the  middle  of  the  tie  when  it  is  brought 
to  a  full  bearing  and  increases  the  bending  moment  at  all  loads 
and  also  results  in  an  increase  of  intensity  of  bearing  pressure  at  the 
middle.  A  permanently  formed  depression  at  the  rail  acts  to  relieve 
the  intensity  of  tie  reaction  there  but  increases  the  bending  moment 
at  this  point  when  a  load  is  applied  which  brings  the  tie  down  to  full 
bearing.  The  second  condition,  that  not  giving  direct  proportionality 
between  depression  and  intensity  of  bearing  pressure,  is  particularly 
evident  in  freshly  placed  ballast.  In  well  compacted  ballast  the  varia- 
tion from  proportionality  may  be  expected  to  be  slight.  Immediately 
after  tamping,  the  bed  may  be  somewhat  stiffer  at  the  point  of  tamp- 
ing; as  the  effect  of  tamping  disappears  through  the  movement  of  the 
particles  of  ballast,  the  yieldability  of  the  ballast  under  load,  that  is, 
the  modulus  of  elasticity  of  the  mass,  tends  to  become  more  uniform 
along  the  length  of  the  tie.  By  taking  into  consideration  the  effect  of 
variations  in  these  conditions  the  diagrams  of  tie  depression  and  flexure 
will  be  found  useful  in  indicating  the  range  of  variation  of  bearing 
pressure  and  bending  moment. 

It  will  be  of  interest  to  consider  a  variety  of  assumed  distributions 
of  bearing  pressure  (tie  reactions)  and  the  resulting  distribution  of 
bending  moments.  Fig.  57  gives  a  number  of  hypothetical  cases.  Uni- 
form pressure  shown  at  (a)  cannot  be  expected.  For  a  few  inches  at 
the  end  of  the  tie  the  bearing  pressure  must  be  small.  The  flexure  of 
the  tie  itself  will  also  produce  a  variation  from  uniformity  of  pressure. 
At  (6)  is  shown  a  diagram  indicating  the  influence  of  these  factors 
when  the  initial  bearing  is  fair  and  the  stiffness  of  the  bed  is  uniform 
along  the  length  of  the  tie.  At  (c)  is  the  distribution  sometimes 
thought  to  exist  when  the  tie  is  tamped  for  a  foot  or  so  on  each  side  of 
the  rail.  Diagram  (d)  gives  the  distribution  for  freshly  tamped  sand 
ballast  as  found  by  laboratory  measurements  with  pressure  capsules — 
little  pressure  was  here  found  at  the  middle  of  the  tie;  (e)  assumes  the 
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principal  bearing  to  be  at  the  rails  tapering  off  in  each  direction;  (/) 
assumes  maximum  intensity  at  the  end  of  the  tie  and  (g)  at  the  middle; 
(/i)  represents  a  form  of  distribution  for  the  centerbound  tie,  some- 
what as  was  found  for  the  medium  load  in  some  of  the  tests;  (i)  rep- 
resents the  distribution  for  an  endbound  tie;  (j)  may  be  considered  as 
representative  of  the  pressures  under  a  well  tamped  tie  in  compact  bal- 
last after  traffic  has  begun  to  have  an  effect.  It  is  possible  that  at  the 
point  of  greatest  depression,  as  immediately  under  the  rail,  a  permanent 
depression  will  be  formed  and  the  tie  will  not  touch  the  bed  until  it  has 
bent  considerably  at  this  point.  This  condition  tends  to  give  a 
decreased  intensity  under  the  rail,  as  shown  at  (h),  but  the  effect  of 
this  on  the  distribution  is  not  large. 

TABLE  16. — Bending  Moments  in  Tie  for  Assumed  Distributions  of 

Bearing  Pressure. 


W  =  Total  load,  in  pounds,  carried  by  one  tie. 
given  in  pound-inches. 


Moment  is  then 


Distribu- 

8-Ft. 

Tie. 

8-Ft.  6-lN.   Tie. 

9-Ft. 

Tie. 

tion  as 

designated 

in  Figure. 

At  rail. 

At  naiddle. 

At  rail. 

At  middle. 

At  rail. 

At  middle. 

a 

-t-1.5  W 

—  2.7  fr 

+  1.9  W 

—  2.0  W 

+  2.5  W 

-1.2  «^ 

h 

+  1.6  W 

—  1.7  tv 

--2.1  W 

—  1.0  W 

+  2.5  JV 

—  0.5  W 

c 

+  1.8  U' 

0.0  W 

--1.8  W 

0.0  W 

--1.8  IV 

0.0  «^ 

d 

+  1.3  iV 

-1.5  W 

+  1.8  W 

—  0.9  W 

-'Z.llV 
--1.5  W 

-0.5  fF 

e 

--0.9  W 

—  1.8  W 

+  1.2  W 

—  1.3  W 

—  0.8  ff' 

f 

--2.8  W 
--0.1  W 

+  1.2  W 

+  3.6  W 

+  2.2  W 

+  4.4  W 

+  3.2  ^ 

g 

—  6.7  W 

+  0.3  W 

—  6.3  W 

+  0.5  W 

-5.7AF 

h 

--1.3  W 

—  3.9  W 

+  1.6  W 

-3.3  W 

-1-2.0  IV 

—  2.6  «/ 

% 

--2.0  W 

—  0.4  W 

+  2.7  W 

+  0.6  W 

+  3.3  W 

-1-3.4  IV 

+  1.4  W' 

J 

--  1.4  W 

—  2.4  W 

+  1.9  W 

-1.8^ 

—  1.0  iV 

k 

—  1.6  W 

— 1.9  Tr 

+  2.1  W 

-1.1  IV 

+  2.6  W 

-0.4  ff' 

I 

+  4.9  W 

--5.3  W 
-ho. 6  W 

+  5.7  W 

+  6.0  IV 

+  6.4  W 

+  6.7  W^ 

m 

+  2.4  W 

+  2.1  W 

+  1.4  fV 

-1-3.6  W 

+  2.2  W 

The  relative  magnitudes  of  the  bending  moments  at  points  along 
the  tie  is  shown  for  these  cases  by  the  diagrams  at  the  right  in  Fig.  57. 
Table  16  gives,  for  the  distributions  of  bearing  pressure  assumed  in 
Fig.  57,  the  values  of  the  bending  moment  at  two  sections  of  the  tie 
and  for  three  lengths  of  tie.  W  is  the  total  load  on  the  tie  in  pounds 
and  the  moment  is  expressed  in  pound-inches.  It  is  seen  that  there  is  a 
considerable  range  of  values  of  the  moments,  both  at  the  middle  of  the 
tie  and  at  the  rail.  It  is  also  to  be  noted  that  a  slight  change  in  the  dis- 
tribution of  the  intensity  of  bearing  pressure  along  the  tie  makes  a 
relatively  large  change  in  the  amount  and  distribution  of  the  bending 
moments. 

A  study  of  the  flexure  curves  of  the  ties  tested  in  track  and  a 
comparison  with  flexure  curves  corresponding  to  the  distribution  of 
moments  given   in   Fig.   57  show  that  a  variety  of  conditions  of  tie 
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Fig.  57. — Hypothetical  Distributions  of  Beaeing  Pressure  and 

COREESPONmNG   MOMENT   DIAGRAMS   FOR  TiE   8  Ft.   LONG. 


348  STRESSES    IN    RAILROAD    TRACK  [Papers. 

bearing  may  exist.  Even  in  well-tamped  track  the  uniform  distribution 
of  bearing  pressure  indicated  at  (a)  cannot  occur.  The  intensity  of 
bearing  pressure  will  be  greater  near  the  rail  than  at  the  middle  or 
end  of  the  tie  since  the  bending  of  the  tie  will  result  in  larger  depres- 
sions at  that  point.  The  more  flexible  the  tie,  the  greater  the  variation 
in  intensity;  likewise,  the  stiffer  the  ballast,  the  greater  the  variation — 
all  resulting  in  increased  intensity  of  bearing  pressure  at  the  rail. 
Such  a  condition  gives  a  smaller  value  of  the  bending  moment  at  the 
middle  of  the  tie  than  would  be  found  for  uniform  bearing  pressure. 
If  the  ballast  at  the  middle  of  the  track  is  less  compact  than  else- 
where the  difference  becomes  more  pronounced.  The  bending  moment 
at  the  rail  for  this  condition  is  less  than  for  the  endbound  condition. 
The  condition  given  at  (c)  in  Fig.  57  may  be  expected  to  merge  into 
that  at  (d).  With  a  concentration  of  pressures  near  the  rails  it  may 
be  expected  that  a  permanent  depression  will  soon  be  formed  under 
the  rail,  a  greater  depression  all  along  the  tie  will  then  occur 
upon  the  application  of  the  heavy  loads,  and  the  bearing  pressures 
will  be  distributed  more  uniformly  along  the  tie.  A  permanently 
formed  depression  under  the  rail  will  increase  the  bending  moment 
in  the  tie  at  the  section  under  the  rail. 

In  centerbound  track,  for  the  smaller  loads,  the  tie  reactions  are 
carried  mostly  in  a  short  space  at  the  middle  of  the  tie.  These  small 
loads  act  to  bend  the  tie  downward  at  its  middle  to  fit  the  shape  of 
the  bed  (as  given  for  Tie  i  by  the  dotted  line  in  Fig.  48) ;  only  a  small 
load  is  needed  to  give  this  bending,  particularly  as  the  bed  at  the 
middle  of  the  tie  will  be  depressed  under  the  action  of  the  bearing 
pressure.  Under  the  conditions  of  the  tests  with  centerbound  track,  the 
load  required  to  bring  the  tie  to  a  bearing  under  the  rail  was  probably 
not  greater  than  10%  of  the  100  000-lb.  load  used.  The  negative 
moment  produced  by  this  small  load  is,  of  course,  relatively  large. 
The  loads  used  in  the  test  give  full  bearing  along  the  tie,  the  depres- 
sions from  the  original  position  of  the  bed  (dotted  line  in  the  figure) 
not  differing  greatly  from  what  would  be  found  in  well-tamped  track. 

For  an  endbound  tie  (see  Tie  q  in  Fig.  50),  the  bending  moments 
developed  with  the  small  loads  are  all  positive  (curvature  all  downward), 
and  for  unusual  conditions  they  may  remain  positive  at  the  higher 
loads,  as  is  instanced  in  Tie  o  after  tamping  (see  Fig.  50).  A  more 
usual  condition  for  what  is  commonly  included  as  an  endbound  condi- 
tion develops  positive  moments  at  the  middle  of  the  tie  for  the  smaller 
loads  and  negative  moments  for  the  larger  loads. 

The  curves  of  flexure  of  the  ties  (see  Figs.  45  to  52)  give  informa- 
tion on  the  distribution  of  bending  moments.  Since  the  curvature  of 
the  curve  of  flexure  of  the  tie  varies  as  the  bending  moment  developed, 
the  distribution  of  bending  moment  along  the  tie  may  be  determined 
if  the  curvature  at  various  points  is  known. 
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If  R  is  the  radius  of  curvature  of  the  curve  of  flexure  at  a  given 
point,  in  accordance  with  beam  theory  the  expression  for  the  curvature 

1  EI 

at  that  point  is  — -  and  the  bending  moment  M  will  be  — jr-,  where  E 
R  R 

is  the  modulus  of  elasticity  of  the  wood  and  I  is  the  moment  of  inertia 
of  the  cross-section  of  the  tie.  It  had  been  expected  that  the  data 
of  tie  flexure  would  be  of  such  nature  as  to  give  fairly  accurate  means 
of  determining  the  moments  developed  in  the  ties  and  their  distribu- 
tion. It  has  been  found  that  the  local  vertical  compression  of  the 
wood  at  and  near  the  rail,  due  to  the  bearing  pressure  of  the  rail, 
affects  the  depressions  of  the  points  near  the  rail  (the  amount  was  small, 
but  the  flexure  of  the  tie  was  also  small)  to  such  an  extent  as  to  modify 
the  form  of  the  curve  of  flexure  and  thus  throw  some  uncertainty  on  the 
radii  of  curvature  derived  therefrom,  even  at  the  middle  of  the  tie. 
The  values  found  for  sections  at  the  middle  of  the  tie  are  fairly 
accurate;  those  at  the  rail  are  somewhat  less  reliable.  The  average  of 
the  values  found  will  be  useful  for  comparison.  It  seems  probable  that 
measurements  made  at  the  middle  of  the  edges  of  the  tie  would  give 
data  of  more  value. 

The  curves  of  flexure  of  the  various  ties,  obtained  from  the  measure- 
ments, have  been  studied;  the  results  give  at  least  a  qualitative  dis- 
tribution of  the  moments.  To  determine  the  modulus  of  elasticity  of 
the  wood,  ten  of  the  ties  tested  in  the  track  were  tested  in  the  labora- 
tory. The  ties  were  considered  to  have  a  moisture  condition  similar 
to  that  existing  when  they  were  in  the  track.  The  tie  was  supported 
as  a  beam  of  90-in.  span,  two  equal  loads  applied  at  points  25  in.  from 
the  center,  and  the  center  deflection  read  over  a  chord  of  40  in.  The 
resulting  values  of  the  modulus  of  elasticity,  calculated  by  the  formula 
for  deflection  of  beams,  ranged  from  1  000  000  to  1  400  000  lb.  per  sq. 
in.,  for  the  oak  ties,  averaging  1  250  000  lb.  per  sq.  in.  For  the  soft 
wood  tie  from  Class  B  track,  the  value  was  800  000  lb.  per  sq.  in. 

Table  lY  gives  values  of  bending  moments  in  the  tie  at  its  center 
and  at  the  rail,  determined  from  the  flexure  curves  by  the  method  above 
described  for  the  data  of  the  ties  tested  in  the  track.  The  moments  are 
expressed  in  pound-inches,  W  being  the  load  carried  by  the  tie,  in 
pounds.  As  has  been  stated,  it  is  to  be  expected  that  the  method  used  is 
subject  to  error,  and  some  of  the  values  of  the  bending  moment  at  the 
rail  seem  very  high.  The  data  are  useful,  however,  in  giving  quantita- 
tive values  which  may  be  developed  in  track  service. 

It  will  be  seen  that  negative  bending  moments  as  much  as  —  4.5  W 
Ib.-in.  were  developed  at  the  center  of  the  tie,  W  being  the  load  carried 
by  one  tie.  For  well  tamped  track  and  track  kept  in  good  condition, 
the  negative  moment  will  be  considerably  smaller,  and  for  such  condi- 
tions a  value  as  low  as  —  2.0  W  may  be  expected  as  the  upper  limit. 
Excessive  bearing  pressures  at  the  ends  of  the  tie  and  needed  strength 
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TABLE  17. — Values  of  Bending  Moments  in  Tie  Determined  from 

Curves  of  Flexure, 

W  =  Total  load,  in  pounds,  carried  by  one  tie.     Moment  is  then 

given  in  pound-inches. 


Location. 


Bending 
moment  at 
center  of  tie. 


Bending 
moment  at  rail. 


Illinois  Central  Kailroad 

Location  B. 

Maximum  value , 

Minimum  value 

Average  value  before  tamping 

Average  value  after  slight  tamping 

Joint  ties,  Location  S,  average  value 

Location  C. 

Maximum  value 

Minimum  value  

Average  value  before  tamping 

Average  value  after  slight  tamping 

Location  A,  average  value 

Location  K. 

Maximum  value 

Minimum  value 

Average  val  ue 


—  3.7  W 

—  1.7   W 

—  2.5  W 

—  1.9  W 

—  2.0  W 

+  4.0  W 
-J-  1.4  W 
+  1.9  W 
4-  3.2  W 
+  1.4  W 

—  4.1   W 

—  0.3  H' 
~  1.4  n' 

—  1.1  W 

—  2.5  W 

+  4.8  W 
+  1.7  W 
+  8.9  W 
+  3.4  W 
+  8.0  W 

—  2.5  W 

—  2.3  W 

—  2.4  W 

+  1.6  W 
-f  1.0  w 
+  1.2  W 

Chicago,  Milwaukee  and  St.  Paul  Eailroad 

Class  A  track. 

Maximum  value 

Minimum  value 

A.verage  value 

Class  B  track 

Maximum  value 

Minimum  value 

Average  value 


—  4.5  W 

—  0.8  W 

—  2.5  W 


2.1  W 
0.9  W 
1.5  W 


+  6.0   H' 
+  3.2  W 

-f-  5.0  W 


+  3.7  W 
+  2.3  W 
+  3.3  W 


in  handling  it  make  it  seem  desirable  to  provide  also  for  a  positive 
bending  moment  of  -|-  1.0  Tf  at  the  center. 

For  uniform  bearing  along  the  tie,  the  value  of  the  bending  moment 
at  the  rail  would  be  about  +  2.0  W  Ib.-in.  for  ties  8  ft.  6  in.  long.  In 
Table  .17  values  as  high  as  -|-  4.8  W  and  +  6.0  W  are  found.  It  would 
appear  that  bending  moments  even  larger  than  these  values  may  be 
expected  in  track  considered  to  be  in  ordinarily  good  condition.  For 
first-class  track  in  excellent  condition  it  seems  probable  that  a  bending 
moment  -|-  2.5  W  at  the  rail  should  not  be  exceeded.  The  high  values 
of  bending  moment  at  the  rail  obtained  from  the  flexure  curves 
are  not  readily  explained;  it  seems  probable  that  the  depression  of  the 
fibers  of  the  wooden  tie  under  and  near  the  rail,  as  indicated  in  Fig. 
58,  results  in  a  greater  flexure  of  the  tie  than  would  otherwise  occur. 
Even  though  the  bending  moment  found  by  the  process  used  is,  by 
reason  of  this  condition  under  the  rail,  greater  than  that  which  exists 
by  virtue  of  the  bearing  pressures  between  the  rail  and  the  end  of  the 
tie,  the  reduction  in  resistance  to  flexure  produced  by  excessive  depres- 
sion of  the  fibers  under  the  rail  may  be  as  much  or  more  than  the 
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discrepancy  in  bending  moment,  and  hence  values  of  the  bending 
moment  such  as  those  given  above  are  not  too  large  for  use  under  the 
conditions  found  with  wooden  ties. 

The  bearing  pressure  under  the  tie  of  course  will  vary  in  intensity 
along  its  length.  A  study  of  the  data  of  the  tie  flexure  tests  indicates 
that  the  maximum  bearing  pressure  per  unit  of  length  of  tie,  under 
static  loading,  will  not  ordinarily  exceed  twice  the  average  bearing 
pressure  over  the  length  of  the  tie,  and  that  for  track  in  good  con- 
dition the  maximum  will  be  less  than  one  and  one-half  times  the 
average.  These  values  relate  to  bearing  pressures  per  unit  of  length 
of  tie;  as  will  be  shown  in  the  next  chapter  of  the  report  the  varia- 
tion in  intensity  of  pressure  from  the  edge  to  the  middle  point  of  the 
width  of  the  tie  is  considerable  and  the  maximum  intensity  at  the 
middle  of  the  width  may  be  much  greater  than  the  average. 

It  may  be  noted  that  the  heaviest  load  on  a  tie  generally  occurs 
under  the  closely  spaced  drivers  of  a  heavy  freight  locomotive,  and 
the  static  load  on  one  tie  may  be  found  approximately  by  dividing  the 
weight  on  a  driving  axle  by  the  number  of  ties  which  come  within  a 
driver  spacing. 


Fig.  58. — Diagram  Showing  Local  Depression  of  Fibers  Under  Rail. 
It  should  be  noted  that  the  present  discussion  relates  to  static 
loading — no  allowance  has  been  made  for  the  effect  of  speed,  counter- 
weight, and  impact  in  increasing  the  loads  on  the  tie;  these  should  be 
considered  in  finding  the  bending  moments,  stresses  and  bearing  pres- 
sures which  may  develop  in  track  service. 

V. — Transmission  of  Pressures  in  Ballast. 
A. — Analytical  Discussion. 

S7. — Introductory. — Crushed  rock,  gravel,  cinders,  burnt  clay,  slag, 
and  sand  are  the  materials  commonly  used  for  ballast.  These  materials 
are  practically  devoid  of  cohesion,  at  least  when  first  placed.  Earth 
and  clay  -  ix)ssess  cohesive  properties  in  some  degree.  Non-cohesive 
materials  consist  of  separate  pieces  which  will  be  hereafter  referred  to 
as  grains.  The  grains  are  of  irregular  size  and  shape,  and  when 
first  placed  form  a  loose  mass  which  cannot  carry  load  without  con- 
siderable readjustments  of  their  relative  positions.  Under  repeated 
applications  of  load,  or  other  working,  the  grains  are  rearranged  so 
that  the  mass  becomes  quite  compact. 

By  reason  of  its  structure,  a  load  is  transmitted  through  a  non- 
cohesive  granular  mass  from  grain  to  grain  by  contact  pressures.    The 
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distribution  of  pressure  is  made  through  chains  of  grains  in  contact 
which  lie  between  the  load  and  a  point  in  the  ballast.  Consideration 
will  be  given  first  to  special  forms  of  grains  and  then  to  the  general 
form  found  in  ballast. 

£8. — The  Transmission  of  Load  Through  a  Pile  of  Cylinders. — 
Assume  that  the  cylinders  are  piled  as  compactly  as  possible.  There  are 
three  cases  to  consider:  First,  when  the  cylinders  are  f rictionless ; 
second,  when  the  coefficient  of  friction  is  equal  to  or  greater  than  tan. 
30° ;  third,  when  the  coefficient  of  friction  is  between  these  two  con- 
ditions. 

In  the  first  case,  since  there  is  no  friction  between  the  cylinders, 
the  pressure  at  the  point  of  contact  must  be  normal  to  the  surfaces  in 
contact;  that  is,  the  line  of  action  of  the  pressure  must  pass  through 
the  centers  of  the  cylinders  in  contact.  All  of  the  pressure  therefore 
is  transmitted  through  two  chains,  as  shown  in  Fig.  59.  It  is  evident 
that  without  adequate  lateral  support,  the  column  of  cylinders  carry- 
ing the  load  will  buckle,  resulting  in  a  rearrangement  of  the  whole  mass. 
The  load-carrying  capacity  of  a  pile  of  frictionless  cylinders  is  very 
small,  because  the  only  lateral  forces  which  can  be  exerted  are  those 
due  to  the  weights  of  the  cylinders. 


Fig.  59. — Transmission  of  Pressures   Through  Pile   of 
Frictionless  Cylinders. 

In  the  second  case,  when  the  coefficient  of  friction  is  equal  to  or 
greater  than  tan.  30°,  all  of  the  load  applied  to  the  upper  cylinder  can 
be  carried  by  the  two  cylinders  below  without  the  aid  of  lateral  pressure. 
These  in  turn  can  be  supported  by  one  cylinder  below  them,  as  shown 
in  Fig.  60  at  (a).  In  this  case  there  are  no  lateral  forces  developed 
or  required  for  stability.  That  equilibrium  will  exist  under  this  con- 
dition may  be  seen  from  the  diagram  at  (&).  The  vertical  force  ^  P 
may  be  resolved  into  two  rectangular  components.  The  ratio  of  the 
tangential  to  the  normal  component  is 

—  P  sin.  30° 

2- 

=  tan.  30° 

—  P  cos.  .30° 
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For  values  of  the  coefficient  of  friction  less  than  tan.  30°,  slipping  will 
occur ;  for  equal  or  greater  values,  equilibrium  will  exist. 

In  the  third  case,  when  the  coefficient  of  friction  is  greater  than 
zero  and  less  than  tan.  30°  the  distribution  of  load  will  be  between  the 
extreme  conditions  represented  by  the  cases  previously  considered.  The 
actual   distribution   will  depend   upon   the  value  of   the   coefficient  of 


Fig.  60. — Transmission  of  Pressueb  Through  Pile  of  Cylinders  When 
Coefficient  of  Friction  is  Equal  to  or  Greater  Than  Tan.  30°. 


Fig.  61. 


-Transmission  of  Pressure  Through  Pile  of  Cylinders  When 
Coefficient  of  Friction  is  0.2. 


friction.  As  an  illustration,  the  distribution  of  pressures  in  direction 
and  magnitude  when  the  coefficient  of  friction  is  0.2  is  indicated  in 
Fig.  61.  It  will  be  noted  that  in  this  case  lateral  pressures  are  required 
in  alternate  rows  in  order  to  keep  th6  mass  in  equilibrium. 

It  has  been  shown,  then,  that  even  when  considering  the  distribution 
of  pressure  through  a  pile  of  equal-sized,  incompressible  cylinders, 
arranged  symmetrically,  the  problem  becomes  so  complex  that  it  would 
be  difficult  to  obtain  results  of  general  value.     The  complication  is 
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caused  by  the  effects  of  the  U\teral  components  of  the  pressures  between 
the  grains.  This  suggests  that  grains  be  assumed  of  such  shape  that 
there  -will  be  no  lateral  forces. 

£9. — The  Transmission  of  Pressures  Through  a  Pile  of  Grains  in 
Which  There  are  no  Lateral  Pressures. — To  make  the  problem  as 
simple  as  possible  it  will  be  assumed  that  the  grains  are  of  such  shape 
that  each  grain  rests  on  two  grains  and  that  the  points  of  contact  are 
always  on  the  vertical  center  lines  of  the  grains  below,  the  distribu- 
tion of  the  pressure  being  lateral  and  not  longitudinal.  Such  a  pile 
is   shown   in   Fig.   Cr2.     One-half   of  the  load   applied  to   any  grain  is 


Fig.   62. 


-TKAXsiiissioN  OF  Pressure  Through  Pile  of  Grains  When  No 
Lateral  Forces  are  Developed. 


transmitted  to  each  of  the  two  grains  below.  In  the  first  row  below 
the  loaded  grain  the  pressure  will  be  J  and  i  of  the  applied  load.  In 
the  second  row  below  the  loaded  grain  the  pressures  will  be  i,  f .  and  h 
In  the  third  row  it  will  be  J,  |,  f,  and  J.    In  the  nth  row  it  will  be: 

l)(n-2) 


/IN"       ny   n(»  — 1)  /1\"   n(n- 

[2) '" U/ '  1X2  [2) '     r 


(W' 


etc. 


X  2  X  3 

That  is,  in  any  row.  the  pressures  on  the  grains  will  be  represented  by 
the  terms  found  by  the  expansion  of  the  binomial 

1 
For  example,  in  the  bottom  row  of  Fig.  6: 


a  - 1)' 


(13) 


G-^y^Gy-Gy-^G)'-- 
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It  can  be  shown  that  the  distribution  of  pressure  given  by  this  equation 
when  n  is  large  is  similar  to  that  given  by  the  curve  known  as  the 
probability  curve.  The  equation  giving  this  distribution  of  pressure 
on  any  horizontal  plane  is 

j,  =  A^e-^^' (U) 

in  which  p  is  the  pressure  at  a  horizontal  distance  x  from  the  center 
line  of  the  applied  load,  e  is  the  Naperian  base  of  logarithms,  p^  is  the 
applied  pressure  and  A;  is  a  function  of  the  distance  below  the  loaded 
grain.  The  form  of  the  curves  given  by  the  equation  may  be  judged 
from  the  three  curves  in  Fig.  65. 


Fig.  63. — Paths  of  Peessuee  in  Pile  of  Cylinders. 

It  is  apparent  that  the  condition  assumed,  each  grain  of  ballast 
resting  on  the  vertical  center  lines  of  two  others,  is  a  very  special  case. 
Results  quite  similar  to  those  obtained  above  are  found  when  the  grains 
are  of  such  form  and  arrangement  that  each  grain  rests  on  the  vertical 
center  line  of  three  grains  or  of  four  grains.  While  the  results  found 
on  such  assumptions  may  not  be  quantitatively  applicable,  the  analysis 
is  of  aid  in  forming  a  conception  of  the  manner  in  which  pressure 
is  distributed  and  in  giving  a  basis  for  expressing  the  results  of  experi- 
ments with  ballast. 

SO. — Paths  of  Pressure  and  Law  of  Distribution  of  Pressure. — In 
general  there  are  a  number  of  paths  which  the  pressure  may  take  as 
it  is  transmitted  from  one  grain  to  another  in  the  ballast;  that  is, 
there  are  a  number  of  chains  of  grains  in  contact  between  the  two 
grains  under  consideration.  In  Fig.  63  all  of  the  possible  paths  of 
pressure  between  a  loaded  grain  A  and  a  grain  B  are  indicated  by  lines. 
In  this  particular  case  there  are  four  paths.  Between  Grains  A  and  C 
there  is  only  one  path.  Between  A  and  E  there  is  no  path.  Between  A 
and  D  it  can  be  shown  that  there  are  six  paths.  Referring  also  to  Fig. 
62  it  will  be  seen  that  the  number  of  chains  of  grains  between  A  and 
B,  C  OT  D  is  the  same  as  the  numerator  of  the  fractions  representing 
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the  pressures   on  the   corresponding  grains   in   the  fourth   row   below 
the  loaded  grain. 

In  the  preceding  discussion,  only  grains  of  uniform  size,  special 
shape,  and  symmetrical  arrangement  have  been  considered.  In  ballast 
the  grains  have  an  infinite  variety  of  sizes  and  shapes  and  are  irregu- 
larly piled.  Even  with  such  irregular  material  the  only  method  by 
which  pressure  can  be  transmitted  from  one  grain  to  another  not  in 
contact  with  it  is  by  means  of  chains  of  grains  in  contact  with  one 
another  in  the  intervening  space.  Because  of  the  irregular  sizes,  shapes 
and  arrangements  of  the  grains  it  is  not  possible  to  deduce  a  mathe- 
matical expression  giving  the  amount  of  pressure  transmitted  from  one 
grain  to  another  in  a  particular  case,  but  it  has  been  found  that  by 
means  of  experiments  and  the  use  of  the  laws  of  averages  good  pre- 
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Fig.   64. 


-Diagram  Showing  Relative  Positions  of  Loaded  Grain  and 
Points  on  Horizontal,  Plane. 


dictions  may  be  made.  The  following  discussion  of  the  probable  dis- 
tribution of  pressure  from  a  loaded  grain  has  been  found  to  accord  with 
experimental  results. 

Assume  a  load  P  applied  to  a  grain  A  at  a  height  h  above  a  hori- 
zontal plane  on  which  there  is  a  grain  B,  as  shown  in  Fig.  64.  Between 
A  and  B  there  are  various  paths  of  pressure,  or  chains  of  grains,  through 
which  pressure  is  transmitted.  The  number  of  paths,  or  chains,  will  in 
general  increase  as  B  is  taken  nearer  to  C  (the  grain  directly  under  A) 
and  will  in  general  diminish  as  the  distance  x  from  C  is  increased 
until  a  point  D  is  reached  beyond  which  there  is  no  chain  of  grains 
transmitting  vertical  pressure.  Between  A  and  C  the  number  of  paths 
is  a  maximum  for  that  depth.  In  view  of  the  discussion  in  the  preced- 
ing articles,  it  seems  reasonable  to  assume  that  the  pressure  transmitted 
to  any  grain  will  in  general  be  proportional  to  the  number  of  chains 
of  grains  between  the  two  grains,  and  it  may  also  be  expected  that  in 
general  the  number  of  chains  of  grains  from  A  to  any  grain  B  on  the 


Papers.]  STRESSES    IN    RAILROAD    TRACK  257 

given  plane  at  any  distance  x  from  the  center,  and  hence  the  pressure 
transmitted,  will  vary  in  accordance  with  the  law  of  distribution  of 
pressure  represented  by  Equation  (14)  on  page  123.  This  law  of  the 
distribution  of  pressure  is  confirmed  by  the  experiments. 

This  equation^  then,  may  be  taken  to  express  in  a  general  way  the 
probable  form  of  the  distribution  curve  of  the  vertical  pressure  trans- 
mitted from  a  loaded  grain  in  ballast  consisting  of  grains  of  irregular 
size  and  shape  and  placed  in  any  manner.  It  should  be  noted  that  the 
transmission  is  considered  to  take  place  only  laterally,  that  is,  in  a 
vertical  plane,  it  being  virtually  assumed  that  other  similar  transmis- 
sion exists  in  adjacent  parallel  vertical  planes,  as  would  be  the  case 
with  a  cross-tie  and  ballast.  In  the  case  of  tie  and  ballast,  due  to 
variation  in  bearing  pressure  along  the  length  of  the  tie,  there  will  be 
some  longitudinal  transmission  of  pressure,  tending  toward  greater 
uniformity  of  pressure  parallel  to  its  length,  but  this  action  may 
be  considered  separately.  For  a  load  applied  to  a  single  grain, 
instead  of  to  grains  along  a  line,  the  transmission  horizontally  would 
be  in  every  direction  and  the  distribution  would  give  equal  intensities 
along  the  circumference  of  horizontal  circles,  making  an  entirely 
different  distribution  from  the  case  under  consideration. 

Since  Equation  (14)  is  an  expression  of  the  pressure  on  any  grain 
in  terms  of  the  pressure  on  a  single  grain  and  does  not  give  intensity  of 
pressure,  it  is  not  in  form  for  use.  Assume  the  load  to  be  applied  to 
the  ballast  by  means  of  a  long  narrow  strip  one  unit  wide.  The  pres- 
sure on  any  grain  in  the  ballast  will  then  be  the  sum  of  the  pressures 
which  would  be  found  by  use  of  Equation  (14)  applied  to  each  grain 
in  contact  with  the  strip,  and  the  resulting  intensity  of  pressure  at  any 
point  in  the  ballast  may  be  expressed  by  an  equation  of  the  same  form. 
Let  Pa  be  the  applied  unit  pressure,  let  h  be  the  depth  of  ballast  above 
a  horizontal  plane,  and  let  x  be  the  horizontal  distance  from  the  line  of 
action  of  the  applied  load  to  the  point  on  the  horizontal  plane  at  which 
it  is  desired  to  determine  the  intensity  of  pressure  p,  then 

p  =  h^  6-*="^' (15) 

k  being  a  factor  which  depends  upon  h  and  must  be  found  by  experi- 
ment. 

31. — Lines  of  Pressure. — In  Fig.  65  curves  have  been  constructed 
to  represent  the  distribution  of  vertical  pressure  on  several  horizontal 
planes  ABC,  DBF,  and  GUI.  The  total  areas  under  the  curves  rep- 
resent the  total  upward  reactions  in  the  ballast  on  the  horizontal  planes. 
The  upward  reactions  must  be  equal  to  the  applied  unit-load  Pa  when  a 
section  of  ballast  1  in.  long  is  considered.  The  areas  under  the  several 
curves  are  therefore  equal.  These  areas  have  been  divided  inUi  a  num- 
ber of  equal  parts,  each  representing  the  same  fractional  part  of  the 


858 


STRESSES    IN    RAILROAD    TRACK 


[Papers. 


reaction.  The  location  of  the  resultant  for  each  fractional  area  is  noted 
on  Fig.  65.  Lines  drawn  through  these  points  may  be  considered  as 
lines  of  pressure  representing  the  resultant  fractional  pressures. 

The  lines  of  pressure  thus  drawn  are  analogous  to  lines  of  force  in 
a  magnetic  field,  and  the  intensity  of  vertical  pressure  at  any  depth  is 
seen  to  be  equal  to  the  number  of  lines  of  pressure  passing  through 
a  width  of  1  in.  multiplied  by  the  pressure  which  each  line  represents. 
For  instance,  if  the  lines  are  drawn  representing  pressures  of  3  lb.  and 


F^G.  65. — Diagram  Illustrating  Use  of  Lines  of  Pressure. 

at  a  given  place  on  a  horizontal  plane  four  lines  pass  through  a  width 
of  1  in.,  the  intensity  of  pressure  is  approximately  3  X  4  =  12  lb.  per 
sq.  in. 

These  lines  of  pressure  will  be  found  useful  in  explaining  con- 
centrations and  distributions  of  pressure  in  ballast  and  in  giving  a 
conception  of  the  manner  of  transmission  of  pressure. 

S2. — Ranhine's  Theory  of  the  Relations  of  Pressures  in  a  Granular 
Mass  Devoid  of  Cohesion. — In  1856  Professor  Eankine,  from  a  study 
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of  certain  properties  of  stress  relating  to  a  infinitesimal  wedge  of 
granular  material,  enunciated  several  important  theorems  which  have 
since  borne  his  name.  Several  of  these  bear  upon  the  discussion.  They 
may  be  stated  as  follows : 

Conjugate  Stresses.* — If  any  state  of  stress  exists  at  a  point  in  a 
granular  mass,  the  stress  acting  on  a  plane  through  the  point  will  he 
parallel  to  a  second  plane  through  the  point,  and  the  stress  acting  on 
the  second  plane  unll  he  parallel  to  the  first  plane.  Stresses  so  related 
are  called  conjugate  stresses. 

In  Fig.  66,  let  the  elementary  prism  be  in  equilibrium  when  acted 
upon  by  the  stresses  p  parallel  to  AC,  and  the  stresses  q,  direction 
unknown.  It  is  required  to  find  the  direction  of  stresses  q.  Now  the 
stresses  p  acting  on  the  faces  AB  and  CD  must  constitute  a  pair  of 
forces  in  equilibrium ;  then  to  have  equilibrium  stresses  q  acting  on  the 
faces  AC  and  BD  must  form  a  pair  of  forces  in  equilibrium,  which  can 
only  occur  when  the  stresses  q  are  parallel  to  AB  and  CD. 


Fig.   66. — Parallp;lopiped  Under  Action  of  Conjugate  Pbessures. 

Principal  Stresses.* — In  any  state  of  stress  there  is  one  pair  of  con- 
jugate stresses  at  right  angles  to  each  other;  i.  e.,  there  are  two  planes, 
at  right  angles  to  each  other,  on  which  the  stress  is  normal  only. 
Stresses  so  related  are  principal  stresses.  For  consider  a  plane  at  the 
point  to  rotate.  There  will  be  some  position  where  the  stress  on  the 
plane  is  normal;  the  plane  at  right  angles  will  have  a  conjugate  stress 
which  is  also  normal.  It  can  be  shown  that  one  of  the  principal  stresses 
is  the  greatest  stress  and  the  other  principal  stress  is  the  least  stress 
at  the  point.  Any  possible  state  of  stress  can  be  completely  defined  by 
principal  stresses. 

*  Taken    with    slight    modifications    from    Ketchum's    "Walls,    Bins    and    Grain 
Elevators",  to  which  the  reader  is  referred. 


360  STRESSES    IN    RAILROAD    TRACK  [Papers. 

The  Ratio  of  Conjugate  Pressures. — The  ratio  of  the  intensity  of 
the  pressures  on  any  pair  of  conjugate  planes  of  pressure  when  motion  is 
impending,  is  expressed  by  the  equation: 


»h       cos.  6^  1/ cos. ^  6 — cos."'' 0 

^a  cos.  6  +  y    COS. ^6 COS.'^  0 

in  which  the  stress  p^  is  greater  than  its  conjugate  unit  stress  p^,  0  is  the 
common  angle  of  obliquity  which  the  stresses  make  with  the  normals  to 
their  planes,  and  (f>  is  the  angle  of  repose  of  the  material. 

When  the  angle  6  is  taken  as  zero,  the  conjugate  stresses  are  per- 
pendicular to  their  planes,  hence  Pa  and  p^  are  the  principal  stresses. 
When  motion  is  impending, 

q         1  —  sin.  (p 


p         1  +  sin.  (p 


(17) 


in  which  p  and  q  are  the  greatest  and  least  principal  stresses 
respectively. 

Equations  (16)  and  (17)  express  the  relationships  existing  between 
conjugate  pressures  and  principal  pressures  when  motion  is  impending. 
The  principal  pressure  q  and  the  pressure  p^  are  active  pressures 
developed  by  the  application  of  their  conjugate  pressures.  In  case  the 
resisting  pressure  is  less  than  the  active  pressures  the  granular  material 
will  flow.  In  case  the  lateral  pressures  are  greater  than  indicated  by  the 
equations,  the  granular  mass  will  be  in  equilibrium. 

33. — Conditions  Accompanying  the  Application  of  Pressure  by 
Means  of  a  Tie. — In  the  preceding  discussion  it  has  been  assumed  that 
the  pressure  is  applied  only  to  a  narrow  strip.  When  the  pressure  is 
applied  to  the  ballast  by  means  of  a  tie  the  load  is  applied  of  course  to 
the  many  grains  in  contact  with  the  tie.  It  is  common  to  consider  that 
the  intensity  of  pressure  is  the  same  all  over  the  bottom  of  the  tie 
and  that  it  is  normal  to  it  (vertical).  There  is,  however,  a  variation  of 
the  intensity  of  the  pressure  on  the  bottom  of  the  tie  due  to  the  tendency 
of  the  ballast  to  move  from  the  center  to  the  edge  of  the  tie  when  load  is 
applied.  Friction  between  tie  and  ballast  develops  pressures  on  the 
ballast  which  are  not  vertical.  The  maximum  variation  of  pressure  due 
to  these  causes  will  occur  when  the  load  is  so  great  that  the  tie  is  being 
forced  into  the  ballast.  The  following  analysis  will  indicate  the  law 
of  distribution  under  this  condition  of  loading. 

SJf.. — Variation  of  Intensity  of  Pressure  on  the  Bottom  of  the  Tie 
When  the  Tie  is  Being  Forced  into  the  Ballast. — The  friction  between 
the  tie  and  the  ballast  is  probably  less  than  the  friction  between  the 
particles  of  the  ballast,  hence  the  ballast  in  contact  with  the  bottom  of 
the  tie  will  be  the  first  to  move  when  the  tie  is  heavily  loaded.  Con- 
sider a  section  of  tie  one  unit  long.  Let  the  vertical  unit-pressure  at 
the  edge  be  p^,  at  the  center  be  Pc,  and  at  a  distance  x  from  the  edge 
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be  p.  Let  the  coefficient  of  friction  between  the  tie  and  the  ballast  be  f, 
and  the  width  of  the  tie  be  h.  Let  the  total  load  on  the  tie  be  P  and  let 
I  be  the  length  of  the  tie.  When  motion  is  impending  the  intensity  of 
pressure  increases  from  the  edge  to  the  center  of  the  tie  becaiise  the 
intensity  of  vertical  pressure  at  any  point  is  limited  by  the  available 
lateral  pressure. 

In  Fig.  67  at  (a),  p^,  is  the  resultant  intensity  of  pressure  at  any 
point  on  the  bottom  of  the  tie  when  motion  is  impending.  Expressed  in 
terms  of  the  vertical  unit-pressure  p  at  the  point,  the  value  of  Pa  is 


Po 


p 


cos.  6 


(a) 


Pa 

\ 

^0  =tan"V 

Fig.  67. — Diagrams  Illustrating  Pressures  on  Bottom  of  Tie. 


The  horizontal  pressure  in  the  ballast  at  the  point  is  the  conjugate  of 
the  pressure  Pa  and  may  be  found  from  Equation  (16).  For  given 
values  of  6  and  <^,  using  k  as  the  resulting  constant, 

Pb  =  ^Pa 
in  which 


k  = 


cos 


.6  —  \/  cos.^  6  —  cos.^  (p 


cos.  6  +  V  cos.^  9  —  COS.-  cp 
The  total  f rictional  force  from  the  edge  of  the  tie  to  a  point  x  distant 

kp 


is    equal    to   the    horizontal   thrust 


COS.  6 


In  the  distance  dz,  Fig.  68, 


the  added  friction  amounts  to  /  p  dx,  which  can  hold  in  equilibrium  an 
additional  horizontal  thrust  equal  to 


k  dp 
cos.  0 


=i  f  p  dx 
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k         fP  dp  rx 

OS.  0  Jpq   p  Jo 


k      ,         p 

log.^  —  =  t  X 

COS.  6       °  *  po 


f  X  COS. 


^  p        k 


(18) 


where    e    is    the   Naperian   base    of   logarithms.      The    vertical    unit- 
pressure  at  the  center  is 

/  b  COS.  9 
Pc  =  Po  e      "'""       (19) 


Fig.  68. — Distribution  of  Vertical,  Unit-Pressure  on  Tie  "When 
Carrying  Ultimate  Load. 

The  total  load  which  can  be  carried  by  the  section  of  the  tie  without 

its  being  forced  into  the  ballast  is  equal  to  the  area  under  the  curve  in 

Fig.  68. 

P  2p,k    ^f^'^-'-' 


2  k        1 


/  cos.  0 

This  equation  gives  the  ultimate  load,  P,  which  the  tie  will  support. 
The  average  vertical  unit-pressure  carried  by  the  tie  is 

^        2p,k    '  f  ^  "°^-  ' 
b    '  f  COS.  6 


(20) 


2fc 


(21) 
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The  ratio  of  the  vertical  unit-pressure  at  the  center  to  the  average 
vertical  unit-pressure  on  the  tie  is 

/  b  COS.  e 

Pc 

p 

bl 


fb  COS.  Be     2fc 


2  k\e 


/  fb  COS.  9  \ 


(22) 


In  making  Numerical  calculations  it  is  best  to  change  from  the 
Naperian  base  to  the  base  of  common  logarithms  by  means  of  the 
equation 

/  b  COS.  0  f  b  COS.  9 


ik 


=  (10)    *-^^ 
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Distance  from  Edge  of  Tie -Inches 

Fig.  69. — Diageam  Showing  Relative  Pressures  on  Tie  When  Carrying 
Ultimate  Load  for  tan.  <f>  =  2/3  and  tan.  9  —  0.4 

Values  calculated  from  Equation  (18)  have  been  plotted  in  Fig.  69, 

which  gives  the  greatest  intensity  of  pressure  that  can  exist  at  points 

away  from  the  edge  of  the  tie  in  terms  of  the  intensity  of  pressure  at 

the  edge  of  the  tie  for  assumed  conditions  of  friction.  It  illustrates 

the  rapid  increase  in  intensity  from  the  edge  of  the  tie  inward,  which 

could  be  developed  under  the  assumed  conditions,  when  the  tie  is  on 

the  point  of  being  forced  into  the  ballast. 
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The  ultimate  supporting  power  of  the  tie  is  shown  by  Equation  (20) 
to  increase  rapidly  with  the  width.  Using  the  assumptions  here  made, 
Table  18  gives  the  relative  ultimate  supporting  capacity  of  ties  of  vari- 
ous widths,  for  tie  on  point  of  being  forced  into  the  ballast,  based 
on  an  angle  of  repose  of  1^  to  1  and  on  a  coefficient  of  friction  between 
tie  and  ballast  of  0.4.  This  is  intended  to  represent  approximately  the 
conditions  during  quiescent  loading.  The  relative  ultimate  support- 
ing capacity  of  ties  of  various  widths,  for  tie  on  point  of  being  forced 
into  the  ballast,  based  on  an  angle  of  repose  of  3  to  1  and  on  a  coeffi- 
cient of  friction  between  tie  and  ballast  of  0.2,  is  also  given.  This  is 
thought  to  approximate  the  conditions  when  the  application  of  load  is 
accompanied  by  jarring  as  in  the  case  of  train  loads.  The  exact  values 
of  the  friction  angles  are  not  known.  Table  18,  of  course,  has  an 
analytical,  rather  than  an  experimental  basis. 

TABLE  18. — Eelative  Supporting  Capacities  op  Ties  of  Different 

Widths,  for  Quiescent  Loadings  and  for  Loadings  Accompanied 

BY  Jarring,  for  Tie  on  Point  of  being  Forced 

INTO  the  Ballast. 

Quiescent  load  condition  is  based  on  assumed  coefficient  of  0.4  between 

tie  and  ballast  and  of  §  between  particles  of  the  ballast. 

For  jarring  loads  values  of  0.2  and  ^  are  assumed. 


Ultimate  Supporting  Capacity. 

Width  of 

tie. 

In  terra 

3  of  JDo. 

In  terms  of  8-in.  tie. 

inches. 

Quiescent. 

With  jarring. 

Quiescent. 

With  jarring. 

1 

1.27 

1.08 

0.01 

0.07 

2 

3.33 

2.34 

0.04 

0.15 

3 

6.65 

3.79 

0.07 

0.24 

4 

12.1 

5.55 

0.13 

0.35 

5 

20.7 

7.55 

0.22 

0.47 

6 

34.8 

10.0 

0.37 

0.62 

7 

57.4 

12.7 

0.61 

0.80 

8 

93.7 

16.0 

1.00 

1.00 

9 

153 

19.1 

1.63 

1.20 

10 

248 

24.2 

•  2.65 

1.51 

11 

401 

29.5 

4.27 

1.85 

12 

650 

35.2 

8.94 

2.20 

Except  when  heavy  loads  are  carried  on  loose  ballast,  the  distribu- 
tion of  pressure  on  a  railroad  tie  is  not  in  general  that  shown  in  Fig.  69, 
because  the  tie  is  not  at  the  point  of  being  forced  into  the  ballast. 
After  the  track  has  been  in  service  for  a  time  the  ballast  beneath  the 
tie  will  become  compacted.  The  carrying  capacity  of  the  ballast  at 
the  edge  of  the  tie  will  then  have  been  increased,  and  since  the  ulti- 
mate carrying  capacity  of  the  tie  varies  directly  with  the  carrying 
capacity  of  the  ballast  at  the  edge  of  the  tie,  the  ultimate  carrying 
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capacity  will  also  have  been  increased  over  what  it  could  carry  when  the 
ballast  was  first  placed. 

At  (a)  in  Fig.  70  is  shown  the  distribution  of  pressure  on  the  bot- 
tom of  the  tie  when  it  is  carrying  its  ultimate  load.  Vectors  giving 
the  directions  and  relative  magnitudes  of  the  unit-pressures  are  shown. 
The  ordinates  of  the  full  line  curve  represent  the  vertical  components 
of  these  pressures.  When  the  tie  is  on  the  point  of  being  forced  into 
the  ballast,  the  angle  which  the  pressure  makes  with  the  normal  to  the 
bottom  of  the  tie  is  the  angle  of  friction  between  tie  and  ballast.  The 
ultimate  vertical  unit-pressure  which  may  be  developed  on  the  bottom 
of  the  tie  after  the  ballast  has  become  compacted  is  indicated  by  the 
dotted  curve  at  (b)  in  Fig.  70.  The  distribution  and  direction  of  pres- 
sure on  the  tie  under  ordinary  loadings  (that  is,  loadings  less  than  the 
ultimate  load  which  the  ballast  can  carry)  will  be  somewhat  as  shown 
by  the  full  line  curve  and  the  vectors.  It  is  seen  that  the  distribution 
shown  is  different  from  that  at  ultimate  load. 


Fig.  70. — Diagram   Showing   Relative   Directions   and  Magnitudes   of 

Pressures  on  Tie  Undek  Ultimate  Load  and  Under 

Ordinary  Loads. 

The  coefficient  of  friction  between  the  tie  and  ballast  and  between 
parts  of  the  ballast  will  be  much  less  under  the  jarring  and  pounding 
action  of  train  loads  than  under  loads  applied  without  shock  or  vibration. 
The  ballast  gradually  works  from  under  the  tie  and  in  time  the  track 
must  be  retamped.  From  the  discussion  it  is  evident  that  in  tamping 
it  is  not  enough  to  force  ballast  beneath  the  tie  unless  the  ballast  at 
the  edge  of  the  tie  is  compacted,  otherwise  the  track  will  settle  rapidly. 
Especial  attention  therefore  should  be  given  to  methods  of  tamping 
which  insure  a  compacted  ballast  at  the  edge  of  the  tie. 

35. — Method  for  Finding  the  Distribution  of  Pressure  in  Ballast 
Beneath  a  Cross-Tie. — It  has  been  shown  that  the  pressure  in  ballast 
against  the  tie  is  greater  near  the  center  than  at  the  edge  of  the  tie  and 
that  because  of  the  friction  between  tie  and  ballast  the  pressures  are  not 
perpendicular  to  the  bottom  of  the  tie.  It  has  also  been  shown  that  the 
distribution  of  pressure  in  granular  material  when  a  narrow  strip  is 
loaded  may  be  represented  by  an  expression  of  the  type  of  the  proba- 
bility equation,  or  by  lines  of  pressure.    By  dividing  the  bottom  surface 
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of  the  tie  into  narrow  strips  and  using  the  average  load  on  each  strip 
and  taking  its  direction  into  account,  the  total  intensity  of  pressure 
at  any  point  in  the  ballast  may  be  found  by  adding  the  pressures  at  that 
point  due  to  the  loads  on  the  several  strips. 

In  order  to  use  Equation  (15)  to  find  the  vertical  pressure  at  any 
point  B  in  the  ballast  due  to  a  pressure  Po  at  A,  Fig.  71,  when  p^  is  not 
vertical,  it  is  necessary  to  determine  the  distances  x^  and  h^,  and  use 
them  for  x  and  h  in  Equation  (15).  It  may  be  shown  from  the 
geometrical  relations  that 


x^  =  {h  tan.  0  —  a  -\-  x)  cos. 


h  —  Xj   sin. 


"1 


cos.  0 


(23) 

■(24) 


Fig.  71. — Diagram  for  Determining  a-i  and  hi. 

The  pressure  p  found  from  Equation  (15)  is  in  the  direction  of  the 
pressure  Pa.  The  vertical  component  of  the  pressure  is  found  by  mul- 
tiplying the  pressure  found  by  cos.  $. 

The  pressure  Pa  at  any  point  on  the  bottom  of  the  tie  probably  should 
be  taken  as  the  greatest  principal  pressure  at  the  point.  The  greatest 
principal  pressure  will  make  a  greater  angle  with  the  vertical  than  does 
the  conjugate  pressure  and  its  magnitude  is  greater.  However,  due  to 
the  uncertainties  in  the  magnitude  and  direction  of  the  pressures  on  a 
tie,  it  is  a  needless  refinement  to  take  account  of  the  principal  pressures, 
and  values  of  the  conjugate  pressures  will  be  used  instead. 

B. — Experimental  Work  in  Laboratory. 

36. — Earlier  Experiments  at  the  University  of  Illinois. — Experi- 
mental work  on  the  transmission  of  vertical  pressure  through  granular 
material  was  carried  on  for  a  number  of  years  at  the  University  of 
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Fig.  72. — Lines  of  Movement  of  Sand  Baldast  Under  Load. 


Fio.  73. — Lines  of  Movement  of  Sand  Ballast  Under  Load. 
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Illinois  in  connection  with  undergraduate  thesis  work.*  Although  the 
experiments  were  limited  to  circular  bearing  areas  and  therefore  are  not 
directly  applicable  to  railroad  track,  the  work  proved  very  instructive 
and  the  experience  gained  was  helpful  in  planning  the  more  elaborate 
experimental  work  afterward  undertaken  for  the  Joint  Committee. 

Figs.  72  and  73  are  from  photographs  taken  by  Messrs.  L.  N.  Fisher 
and  H.  F.  Wagner  in  1912  and  included  in  their  thesis.  The  photo- 
graphs were  made  by  taking  a  time  exposure  of  coarse  sand  behind 
a  plate  of  glass  while  a  load  was  being  applied  to  two  small  blocks  (2 
by  2  in.).  The  images  of  the  moving  grains  are  elongated  in  the  direc- 
tion of  motion,  giving  the  appearance  of  lines  of  force  in  a  magnetic 
field.  The  photographs  indicate  the  paths  of  flow  in  the  case  of  the 
very  loose  ballast  used  and,  in  a  general  way,  indicate  the  tendencies 
of  ballast  movements  in  track  under  the  action  of  load. 

ST. — The  Laboratory  Experimental  Work. — The  laboratory  experi- 
mental work  undertaken  by  the  Committee  was  made  in  the  Laboratory 
of  Applied  Mechanics  of  the  University  of  Illinois.  In  the  attempts 
which  had  been  made  to  measure  pressures  in  ballast  under  regular 
track  conditions,  difficulties  were  met  that  showed  the  advisability  of 
conducting  experiments  in  the  laboratory  where  conditions  could  be 
controlled  and  results  obtained  to  establish  some  of  the  basic  principles 
of  the  action  of  ballast. 

Two  elevations  showing  the  arrangement  of  the  apparatus  used  in 
making  the  tests  are  shown  in  Fig.  74.  A  reinforced  concrete  slab  16 
by  19  ft.  and  12  in.  deep  supported  the  ballast.  The  load  was  applied 
to  the  ties  by  means  of  a  jack  whose  upward  thrust  was  carried  by 
I-beams  to  four  l|-in.  steel  rods  having  ends  embedded  in  the  concrete 
slab.  The  load  applied  by  the  jack  was  distributed  to  the  one,  two, 
or  three  ties  used  in  the  experiments  by  means  of  a  system  of  levers. 
It  was  possible  to  divide  the  load  among  the  ties  in  any  manner  desired. 
The  load  applied  by  the  jack  was  measured  by  a  calibrated  steel  spring. 
The  arrangement  of  the  apparatus  can  be  seen  in  Fig.  75. 

For  measuring  the  intensity  of  pressure  transmitted  to  various  parts 
of  the  ballast,  the  pressure  capsule  shown  in  Fig.  76  was  used.  The 
following  description  which  was  given  in  the  first  progress  report  is 
here  repeated  for  the  convenience  of  the  reader: 

The  elastic  deflection  of  a  thin  steel  diaphragm  is  used  to  measure 
the  amount  of  pressure  applied  to  the  capsule.  The  pressure  to  be 
measured  is  received  on  the  bearing  plate  P,  which  has  an  area  of  5 
sq.  in.;  the  pressure  is  transmitted  to  the  thin  steel  diaphragm 
D,  which  is  fastened  by  screws  around  its  circumference  to  the  cast- 

*  An  article  by  Prof.  M.  L.  Enger  describing  the  methods  of  experimenting  and 
giving  the  results  was  published  in  the  following  papers  :  Engineering  Record,  Vol. 
73,  op.  106,  January  22d,  1916  ;  Railway  Age  Gazette,  Vol.  60,  p.  321,  February 
18th,  1916  ;  Engineering  and  Contracting,  Vol.  XLV,  p.  53,  January  19th,  191G  ; 
and    Railway    Review,   Vol.    58,    p.    129,    January    22d,    1916. 
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Block/^y  ^Calibrated 
f-V  Spring 

Hydraulic  Jack  Ll 


10  /-  Beam 


tanJanl  Gaui?e  -^j. 


-iJi   1^  Rods 


,;Ballasf. 


I  ]  Burlap 


12  Sand  Cushion 


-y=,  12  Reinforced  Concrete  Base 


SIDE    ELEVATION 

Fig.  74. — Apparatus  Used  in  Tests   on  Transmission  of 
Pressure  Through  Ballast. 
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Fig.   75. — Apparatus   Usi:i>  ix    Tests   on   Transmission   of   Pressttre 
Through   Ballast. 
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iron  case  B.  The  screw  S  which  fastens  the  plate  P  to  the  diaphragm 
D  is  hardened  and  bears  on  one  knife  edge  of  the  small  bell-crank 
lever  L  which  is  pivoted  at  Q.  The  vertical  deflection  of  the  center  of 
the  diaphragm  is  transmitted  by  the  bell-crank  lever  (magnified  about 
three  times)  in  a  horizontal  direction  to  the  rod  R  which  slides  in 
guides  NN'  and  is  enclosed  in  a  horizontal  tube  K  and  finally  bears 
against  plunger  T  of  an  indicating  dial  micrometer,  whose  movement 


It 


%/  TOP  VIEW 

COVER  PLATE  REMOVED 


P         S 


Spriii: 

N 


I    T 


Fig.   76. — Pressure  Capsule  and  Its   Place  in  Ballast. 

is  thus  a  measure  of  the  elastic  deflection  of  the  diaphragm  D.  If  the 
material  of  the  diaphragm  is  not  stressed  beyond  its  elastic  limit  the 
deflection  of  the  diaphragm,  and  the  consequent  movement  of  the 
pointer  of  the  dial  micrometer,  may  be  used  to  measure  the  load  on 
the  plate  P.  Sand  and  dirt  are  prevented  from  coming  between  the 
bearing  plate  P  and  the  diaphragm  by  friction  tape  wrapped  around  the 
case  of  the  pressure  capsule.  Each  pressure  capsule  was  calibrated 
after  being  taped,  by  placing  it  on  a  platform  scale  and  by  means  of  a 
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screw  clamp  applying  a  series  of  loads  covering  the  range  of  its  use. 

The  thin  elastic  diaphragm  is  made  of  hardened  steel.  The  bearing 
plate  serves  to  take  load  of  any  distribution  or  concentration  upon  it 
and  to  apply  this  load  as  a  concentrated  load  at  the  center  of  the  dia- 
phragm. 

There  was  at  first  some  difficulty  due  to  ballast  movements  causing 
the  tube  to  be  pulled  out  of  the  capsule.  Even  after  making  a  threaded 
connection  between  the  tube  and  capsule  there  was  some  trouble  from 
this  cause.  It  was  finally  entirely  overcome  by  slipping  a  1-in.  pipe 
over  the  tube,  protecting  it  from  the  pull  of  the  ballast. 

38. — Procedure  of  Tests. — During  the  progress  of  the  work  some 
changes  were  made  in  the  making  of  the  tests.  The  most  important 
changes  relate  to  the  disposition  of  the  pressure  capsules  in  the  ballast. 
The  locations  of  the  capsules  are  shown  in  each  case  in  the  figures 
giving  the  results  of  the  tests. 

In  the  experiments  with  the  sand  ballast,  the  capsules  were  placed 
on  the  concrete  slab  and  great  care  was  taken  in  placing  the  sand 
around  them  in  order  to  prevent  them  from  being  displaced.  After  a 
sufficient  quantity  of  ballast  had  been  placed  it  was  struck  off  to  a  level 
surface  at  the  required  depth.  After  the  ties  had  been  placed  carefully 
in  the  desired  position  with  respect  to  the  capsules,  they  were  loaded  five 
or  six  times  before  beginning  to  take  readings.  The  micrometer  dials 
were  then  read  with  no  load  on  the  ties.  A  small  load  was  then  applied 
and  readings  were  again  taken.  Usually  a  zero  load  and  three  increas- 
ing loads  were  applied.  Readings  were  taken  until  three  consecutive 
sets  of  consistent  readings  were  obtained.  The  greatest  load  to  be 
applied  was  determined  by :  (a)  the  capacity  of  one  or  more  of  the  pres- 
sure capsules,  (&)  the  carrying  capacity  of  the  ballast,  or  (c)  the 
capacity  of  the  jack. 

In  the  first  test  the  sand  was  placed  so  that  it  was  6  in.  from  the 
bottom  of  the  tie  to  the  top  of  the  capsule.  When  the  experiments  with 
this  depth  of  ballast  had  been  completed  the  pressure  capsules  were 
rearranged  and  experiments  were  made  with  depths  of  ballast  of  9,  18, 
and  25  in.  The  ballast  was  loosened  up  in  each  case  before  additional 
sand  was  put  on. 

Following  these  tests,  the  ballast  was  removed.  The  capsules  were 
recalibrated  and  given  a  different  arrangement  (see  Fig.  77)  and  were 
covered  with  sand  ballast  to  a  depth  of  12  in.  from  bottom  of  tie  to  top 
of  capsule. 

Depths  of  broken  stone  ballast  of  12  in.  and  18  in.  were  next 
used.  In  these  experiments  a  15-in.  sand  cushion  was  placed  on  tTie 
concrete  slab  and  covered  with  burlap.  The  capsules  were  placed  on 
the  burlap  as  shown  in  Fig.  78.  Then  the  broken  stone  was  carefully 
placed  so  as  not  to  disturb  the  capsules.  The  experiments  were  made 
in  the  same  manner  as  with  sand  ballast. 
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Fig.  77. — Arrangement  op  Capsules  and  Rods  Under  Sand  Ballast. 


'   ■/ 


■'rji-J^^^X 


Fig.  78. — Arrangement  of  Capsules  for  Tests  with  Broken  Stone  Ballast. 
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Pebble  ballast  having  a  depth  of  12  in.  from  tie  to  capsule  was  next 
used.  The  capsules  were  recalibrated  and  were  placed  on  the  burlap 
with  a  slightly  different  arrangement  than  was  used  in  the  broken 
stone  ballast. 

39. — Results  of  Tests. — The  results  of  the  tests  are  given  in  Tig.  79 
to  87,  presented  graphically  in  order  to  facilitate  comparison  and  to 
give  the  essential  information  in  the  most  compact  form.  For  example, 
in  Fig.  80  there  are  given  the  results  of  the  tests  on  the  transmission  of 
pressure  from  a  single  tie  through  12  in.  of  sand  ballast.  The  relative 
position  of  the  tie  and  the  capsule  is  shown,  and  in  addition  there  are 
curves  giving  the  vertical  pressure  at  various  sections.  The  curves  at 
AB  represent  the  averages  of  the  pressures  measured  by  the  capsules 
at  AB  and  LM.  To  illustrate,  the  pressures  determined  from  the  read- 
ings of  the  Pressure  Capsules  1,  2,  3,  and  4  were  averaged  and  are 
plotted  above  Capsules  1  and  2.  The  curves  above  CD  represent  the 
average  pressures  as  measured  by  the  capsules  on  the  lines  CD  and  JK, 
and  the  curves  above  GH  represent  the  average  pressure  measured  on 
EF  and  GH.  Below  the  plan  view  of  the  tie  are  plotted  curves  rep- 
resenting the  pressures  12  in.  below  the  center  line  of  the  tie.  By  the 
manner  of  plotting  all  of  the  curves  are  symmetrical.  The  dotted  lines 
in  Fig.  80  represent  the  intensity  of  pressure  when  the  tie  carries  a 
total  load  of  35  000  lb.    The  full  lines  are  for  a  total  load  of  24  000  lb. 

Fig.  79  gives  the  results  of  experiments  on  a  single  tie  with  depths  of 
sand  ballast  of  6,  9,  and  18  in..  Fig.  80  gives  results  for  sand  ballast 
12  in.  deep  when  the  ordinary  6  by  8-in.  by  8-ft.  tie  is  used  and  also 
when  a  tie  with  a  wedge-shaped  bottom  is  used.  The  wedge  was  1^  in. 
high  in  the  middle  of  the  tie.  It  will  be  noted  that  the  pressure  is  some- 
what more  widely  distributed  with  the  wedge-shaped  tie. 

Figs.  81,  82  and  83  give  the  results  of  the  experiments  for  depths  of 
sand  ballast  of  9,  18,  and  25  in.  when  the  ties  are  equally  loaded  and 
when  the  middle  tie  carries  twice  the  load  carried  by  either  of  the  out- 
side ties. 

Fig.  84  gives  the  results  of  the  experiments  for  12  in.  of  broken 
stone  ballast  and  for  the  same  depth  of  pebble  ballast.  The  broken 
stone  used  was  the  standard  limestone  ballast  material  furnished  by  the 
Illinois  Central  Railroad.  The  pebble  ballast  consisted  of  pebbles 
ranging  in  size  from  about  i  in.  to  IJ  in.  and  was  free  from  sand.  It 
will  be  noted  that  the  results  of  experiments  with  rock  ballast  are  more 
erratic  than  with  pebbles  or  with  sand.  This  was  to  be  expected 
because  a  short  chain  of  the  large  grains  may  bring  a  heavy  pressure 
on  a  capsule,  or  it  may  miss  it  entirely.  When  average  pressures  are 
taken  there  is  a  surprising  similarity  in  the  distribution  of  pressure 
through  sand,  pebble  and  broken  stone  ballast. 

Fig.  85  shows  the  distribution  of  pressure  through  12  in.  of  broken 
stone  when  the  load  is  carried  on  a  6  by  10-in.  by  8-ft.  tie  with  the  10- 
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in.  face  horizontal,  and  a  6  by  8-in.  by  8-ft.  tie  with  the  6-in.  face  hor- 
izontal. 

Fig.  86  shows  the  distribution  of  pressure  through  18  in.  of  broken 
stone  ballast  when  three  loaded  ties  are  used  and  also  when  all  of  the 
load  is  carried  on  one  tie. 
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Fig.   84. — Distribution  of  Peessueb  at  a  Depth  of  12   In.  of  Broken 
Sto'nb  and  12  In.  of  Pebble  Ballast  Below  a  Single  Tie. 

Fig.  87  shows  the  distribution  of  pressure  on  the  bottom  of  a  tie 
which  rests  on  pebble  ballast,  and  also  the  pressure  measured  simul- 
taneously at  a  depth  of  12  in.  below  the  tie.  The  tie  was  prepared  by 
embedding  the  capsules  in  the  tie.  The  circular  bearing  plate  of  the 
capsule  had  been  replaced  with  rectangular  bearing  plates,  3  by  1  in., 
and  the  surface  of  these  was  left  flush  with  the  bottom  of  the  tie.  The 
positions  of  the  pressure  capsules  in  the  tie  are  indicated  in  the  figure. 
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C. — Discussion  of  Results  of  Tests. 
Jf^O. — Diagrams  of  Average  Pressure  and  Use  of  Superposition  of 
Pressures. — In  order  to  eliminate  the  variations  in  pressure  due  to  flexi- 
bility of  tie  and  other  causes,  for  the  study  of  the  data,  the  pressures 
measured  by  all  capsules  located  at  the  same  distance  from  the  longi- 
tudinal axis  of  the  tie  have  been  averaged.  Using  this  method  the 
diagrams  in  Fig.  88  have  been  drawn;  they  show  the  pressure  at  dif- 
ferent depths  and  different  distances  from  the  center  line  of  the  tie 
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Fig.  85. — Distribution  of  Pressuee  at  a  Depth  of  12  In.  of  Broken 
Stone  Ballast  Below  a  Tie  10  In.  Widb  and  Below 
One   6   In.  Wide. 

when  a  single  tie  is  loaded,  as  given  by  the  averages  of  the  readings. 
The  pressure  is  expressed  as  a  percentage  of  the  average  intensity  of  pres- 
sure over  the  tie.  The  average  result  for  the  three  loads  has  been  used. 
In  addition,  the  highest  and  the  lowest  pressure  measured  by  any  capsule 
is  shown.  Using  the  same  method,  the  results  obtained  in  tests  with 
three  ties  have  been  plotted  by  full  lines  in  Fig.  89  to  93.  There  have 
also  been  plotted  the  dotted  lines  marked  "sui)erposed  pressure  curve". 
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This  method  of  superposition  considers  that  at  a  given  point  the 
combined  effect  of  several  ties  is  the  sum  of  the  effects  of  the  individual 
ties.  The  efl'ect  of  a  tie  at  a  given  point  was  obtained  from  the  curves 
of  Fig.  88.    It  vFill  be  noted  that  the  superposed  pressure  curves  agree 
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Fig.  86. — Distribution  of  Pressure  at  a  Depth  of  18  In.  of  Broken 
Stone  Ballast  Below  Three  Ties  and  Below  a  Single  Tie. 

with  the  experimental  curves  reasonably  well,  indicating  that  the 
vertical  pressure  at  any  given  point  in  the  ballast  is  the  sum  of  the 
vertical  pressures  which  would  be  caused  at  that  point  by  adding  the 
pressures  from  the  ties  considered  separately.  By  means  of  this  prin- 
ciple, which  seems  to  be  established  by  these  experiments,  the  results 
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of  the  experiments  with  a  single  tie  may  be  used  to  determine  the 
pressure  in  ballast  under  any  condition  of  the  spacing  and  loading. 

Jf.1. — Comparison  of  Pressure  Distributions  in  Different  Kinds  of 
Ballast. — An  examination  of  the  pressure  curves  for  the  sand,  broken 
stone,  and  pebble  ballasts  will  show  that  there  are  no  decided  diilerences 
in  the  distribution  of  the  pressure  at  a  given  depth  except  that  the 
results  found  with  sand  are  more  concordant  than  those  with  the  coarser 
ballast.     It  may  be  concluded  that  the  laws  of  distribution  of  pressure 
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through  ballast  (non-cohesive  granular  material)  are  practically  the 
same  for  the  various  kinds  of  ballast. 

It  should  be  borne  in  mind  that  the  foregoing  statement  applies  to 
distribution  of  pressure  only;  ultimate  bearing  load,  action  under 
vibration,  and  other  properties  of  ballast  will  differ  materially. 

I{-2. — Intensity  of  Pressure  at  Different  Depths  Below  Center  Line 
of  Tie.— The  intensity  of  pressure  below  the  center  line  of  the  tie  at 
various  depths  has  been  given  in  Fig.  88.    Using  values  taken  from  this 
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Fig.   88. — Lateral  Distribution  of  Pressure  at  Depths  of  6,  9,  12,  18, 

AND  25  In.  of  Sand  Ballast  Below  a  Single  Tie.     Average 

Results  of  Tests. 
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'24         18  12  l>  Q  6  i-J.  IS  '2i 

Distance  from  Centei'  Line  of  Middle  Tic  -Inches 
Fig.  89. — Lateral  Distribution  of  Pressure  at  a  Depth  of  18  In.  of 
Sand  Ballast  Below  Three  Ties  and  Values   Obtained  by 
Superposing  Results  Found  with  a  Single  Tie. 
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,18  12  G  0  6  12  18 

Distance  from  Center  Line  of  Middle  Tie -Inches 

Fig.  90. — Lateral  Distrieution  of  Pres.sure  at  a  Depth  of  18   In.  of 

Sand  Ballast  Below  Three  Ties  and  Values   Obtained  by 

Superposing  Results  Found  with  a  Single  Tie. 
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18  12  6  0  G  12  18 

Distance  from  Center  Line  of  Middle  Tie  -  Indies 

Fig.   91. — Lateral  Distribution  of  Pressure  at  a  Depth  of  25  In.  of 

Sand  Ballast   Below   Three   Ties   and  Values    Obtained   by 

Superposing  Results  Found  with  a  Single  Tie, 
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Pig.  92. — Lateral  Distribution  of  Pressure  at  a  Depth  of  25  In.  of 

Sand  Ballast  and  at  a  Depth  of  12  In.  of  Broken  Stone  Ballast 

Below  Three  Ties  and  Values  Obtained  by  Superposing 

Results  Found  with  a  Single  Tie. 
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Fig.   93. — Lateral  Di.stribdtion  of  Pressure  at  a  Depth  of  18   In.  of 

Broken  Stone  Ballast  and  of  12  In.  of  Pebble  Ballast  Below 

Theeb  Ties  and  Values  Obtained  By  Superposing 

Results  Found  with  a  Single  TIe. 
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Fig.   94. — Relation  of  Intensity  of  Pressure  Under  Center  Line  of 
Tie  to  Depth  Below  Bottom  of  Tie.     Logarithmic  Scale. 
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figure  Fig.  94  has  been  drawn  to  express  by  logarithmic  co-ordinates 
the  relation  between  the  unit-pressure  at  points  below  the  center  line 
of  tie  and  the  corresponding  depth  of  ballast.  The  ordinate  of  a  plotted 
point  represents  the  pressure  at  a  point  below  the  center  line  of  the  tie 
expressed  as  a  percentage  of  the  average  pressure  over  the  bottom  of 
the  tie;  the  abscissa  represents  the  depth  of  ballast  at  the  point.  The 
maximum  and  minimum  observed  intensities  of  pressure  have  also 
been  plotted.    A  straight  line  whose  equation  is 

16.8  «„ 
Pc=  -J^ (25) 

has  been  drawn  and  fits  the  observations  fairly  well  within  the  range 
of  the  tests,  although  for  depths  less  than  4  in.  and  more  than  30  in. 
the  results  are  too  high.  In  this  equation  Pa  is  the  average  pressure 
over  the  tie  and  Pc  the  pressure  at  the  given  point  directly  below  the 
center  line  of  tie,  both  in  pounds  per  square  inch,  and  h  is  the  vertical 
distance  in  inches  below  the  bottom  of  the  tie.  It  should  be  noted 
that  this  expression  was  obtained  from  tests  with  ties  8  in.  wide. 

JfS. — Distribution  of  Pressure  Over  a  Horizontal  Plane. — It  is 
desired  to  obtain  an  equation  for  the  intensity  of  pressure  at  any  point 
(x,  h)  in  the  ballast,  developed  by  a  tie  carrying  load,  which  shall 
agree  with  the  values  of  the  pressure  found  by  experiment. 

From  the  discussion  in  Article  30  on  ''Paths  of  Pressure  and  Laws 
of  Distribution  of  Pressure",  it  was  concluded  that  the  distribution  of 
the  intensity  of  vertical  pressure  on  any  horizontal  plane  due  to  a  load 
Pa  on  a  narrow  strip  would  be  represented  by  Equation  (15)  of  the 
form 

V   Tt 

Since  a  tie  may  be  considered  to  be  made  up  of  a  number  of  narrow 
strips,  the  pressure  in  the  ballast  below  a  tie  may  be  considered  as  a 
composite  of  the  pressures  due  to  the  strips.  It  is  found  that  the  com- 
posite pressures  in  the  ballast  below  a  tie  may  also  be  represented  by  an 
equation  of  the  form  of  Equation  (15)  except  at  small  depths.  The 
equation  may  then  be  written 

KP 

p  =  —^  e  -  ^'"^' (26) 

-/  ^ 

p  being  the  intensity  of  vertical  pressure  on  a  horizontal  plane  at  a 
distance  x  from  the  vertical  center  line  of  the  tie  due  to  a  load  Pa  per 
inch  of  length  of  tie.    For  an  8-in.  tie 

Pa  =  8  Pa 
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in  which  Pa  is  the  average  pressure  on  bottom  of  tie  in  pound  per  square 
inch.    Hence 

2)  =  ^r-  e 

When  X  =  0 

P=Pc= 7^ 

V  ^ 

In  the  preceding  article  it  was  found  from  the  results  of  experiments 
with  8-in.  ties  in  Equation  (25)  that 

Equating  the  values  of  p^  and  solving  for  K : 

2.1  V^ 


A'  = 


hi. 25 


Substituting  this  value  of  K  in  the  equation  and  changing  from  the 
base  e  to  the  base  10,  the  following  empirical  equation  for  p  is  obtained 

i'  =  ^"a»)""^- (^^) 

in  which  p^  is  the  average  intensity  of  pressure  over  the  tie  per  square 
inch,  and  p  is  the  pressure  per  square  inch  at  a  point  on  a  horizontal 
plane  h  in.  below  the  tie  and  x  in.  from  the  center  line  of  the  tie. 
The  equation  applies  only  to  an  8-in.  tie  and  is  applicable  for  depths 
from  about  4  in.  to  about  30  in. 

The  dotted  lines  in  Eig.  88  represent  the  pressures  as  determined 
by  Equation  (27).  It  will  be  seen  that  the  agreement  between  the 
experiments  and  the  equation  is  fairly  good. 

JfJf. — Contours  of  Equal  Vertical  Unit-Pressure. — Erom  the  results 
of  the  tests  it  is  possible  to  draw  the  contours  of  equal  vertical  unit- 
pressure  beneath  one  or  more  loaded  railroad  ties.  Eig.  95  shows  the 
contours  of  pressure  beneath  a  single  6  by  8-in.  by  8-ft.  tie.  The  con- 
tours are  designated  by  percentages  of  the  average  pressure  applied  to 
the  ballast  by  the  tie.  In  Eigs.  96,  97  and  98,  contours  of  equal  vertical 
pressure  are  shown  beneath  a  series  of  equally  loaded  ties  for  three 
different  tie  spacings.  It  will  be  noted  that  in  general  the  vertical 
pressures  become  nearly  constant  at  a  depth  equal  to  the  tie  spacing.  It 
should  be  added  that  in  determining  the  contours  the  principle  of 
superposition  and  the  laws  of  distribution  of  pressure  given  by  the 
equations  already  derived  have  been  useful.  These  laws  may  be  applied 
to  conditions  not  covered  by  the  experimental  work. 
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45. — Lines  of  Pressure. — In  Article  30  on  "Paths  of  Pressure  and 
Law  of  Distribution  of  Pressure",  it  was  concluded  that  a  pressure  Pa 
per  unit  length  applied  to  a  long  narrow  strip  will  develop  an  intensity 
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Fig.   96. — Lines  of  Equal  Vertical  Pressure  in  Ballast  for  Equal 
Loads  on  Ties.     Spacing  18  In.,  Center  to  Center. 

of  pressure  p  on  a  horizontal  plane  a  distance  }i  below  the  loaded  strip 

and  at  a  distance  x  from  the  line  of  action  of  the  applied  load  Po,  in 

accordance  with  Equation  (15)  as  follows: 
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Fig.   97. — Lines   of   Equal  Vertical   Pressure   in   Ballast   for   Equal 
Loads   on  Ties.     Spacing   21    In.,   Center   to   Center. 
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Fig.  98. — Lines   of  Equal  Vertical  Pressure   in   Ballast  for   Equal 
Loads  on  Ties.     Spacing  24  In.,  Center  to  Center. 
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In  this  equation  A;  is  a  function  of  the  depth  h  and  must  be  deter- 
mined by  experiment. 

The  bottom  of  the  tie  may  be  considered  to  be  divided  into  a  number 
of  narrow  strips  carrying  loads  of  varying  intensity  and  direction, 
each  producing  pressures  in  the  ballast  in  accordance  with  the  equation. 
At  any  point  in  the  ballast  the  intensity  of  pressure  will  be  equal  to 
the  sum  of  the  pressures  from  the  various  strips  into  which  the  tie  is 
divided. 

In  Article  31  it  was  shown  that  the  distribution  of  pressure  in  the 
ballast  due  to  a  load  on  a  narrow  strip  may  be  represented  by  lines 
which  were  designated  lines  of  pressure. 


Tan^i  =0.4 
Tau0o  =0.4 
Tan(?3  =0.2 
Tau  04  =  0.1 


Fig.   99. — Diagrammatic   Representation  of  Lines  of   Pressure  for  a 
Tie  8  In.  Wide. 

After  many  trials  it  was  found  that  for  dimensions  in  inches  Equa- 
tion (15)  may  be  written 


p  =  1.2.3^  (10) 


(28) 


Taking  the  directions  and  intensities  of  the  pressures  Pa  on  the  strips 
as  indicated  in  Fig.  99,  the  pressures  thus  found  in  the  ballast  agree 
quite  closely  with  the  values  determined  in  the  experiments. 

The  lines  of  pressure  determined  from  Equation  (28)  are  straight 
lines,  and  were  laid  out  in  the  following  manner:  The  distribution  of 
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pressure  at  a  depth  of  24  in.  for  the  given  value  of  Pa  on  a  given  strip 
was  calculated  by  Equation  (28).  The  results  were  then  plotted  on 
cross-section  paper  to  a  large  scale  using  unit-pressures  as  ordinates 
and  distances  from  the  line  of  action  of  the  applied  pressure  as  abscissas. 
The  area  under  the  curve  was  divided  into  parts  each  representing  1  lb, 
and  the  abscissas  of  the  centroids  of  such  areas  were  determined.  In 
making  the  desired  division  of  the  area  it  was  found  convenient  to 
plot  a  mass  curve  beginning  at  the  center  line.  From  the  center  of 
the  given  strip  on  the  tie,  a  line  was  drawn  in  the  direction  of  the 
applied  pressure  Pa  and  at  a  distance  representing  24  in.  a  perpendic- 
ular line  was  drawn.  Upon  this  perpendicular  the  abscissas  determined 
above  were  plotted.  Straight  lines  through  these  points  and  the  mid- 
dle of  the  strip  therefore  represent  lines  of  pressure  of  1  lb.  each. 
The  number  of  such  lines  passing  through  a  width  of  1  in.  on  a  hor- 
izontal plane  represents  the  intensity  of  pressure. 

TABLE  19. — Calculated  and  Experimental  Values  of  Unit-Pressure 

AT  Various  Points  Below  a  Single  Tie.     Average  Load 

ON  Tie,  100  Lb.  per  Sq.  In. 


Calculated 

Experimental 

7i 

X 

P 

P 

6 

0 

161 

163 

9 

0 

106 

126 

12 

0 

75 

83 

12 

4 

47 

50 

12 

8 

12 

16 

18 

0 

50 

45 

18 

6 

30 

84 

18 

10 

15 

16 

18 

15 

5 

4 

24 

0 

37 

31 

24 

10 

18 

17 

Figs.  99  and  100  were  plotted  in  the  manner  described.  Fig.  99  rep- 
resenting the  1-lb.  lines  of  pressure  when  the  average  load  on  the  tie 
is  10  lb.  per  sq.  in.  and  Fig.  100  when  the  average  load  is  100  lb.  per 
sq.  in.,  the  only  difference  being  that  there  are  ten  times  as  many  lines 
in  the  last  case.  At  any  point  in  the  ballast  the  number  of  lines  in  1 
in.  of  width  will  then  represent  the  number  of  pounds  of  pressure  per 
square  inch  at  that  point.  As  a  line  may  represent  any  intensity  of 
pressure  (pounds  being  used  only  as  an  illustration)  both  figures  may  be 
considered  to  represent  the  relative  distribution  of  pressure  for  any 
given  load  on  the  tie. 

The  vertical  unit-pressure  at  any  point  may  be  determined  with 
greater  accuracy  by  substituting  for  x  and  h  in  Equation  (28)  the 
values  of  x^,  and  h^,  found  by  means  of  Equations  (23)  and  (24)  for 
each    unit    strip   on    the    tie,    and    adding    the    results.      The    results 


300  STRESSES    IN    RAILROAD    TRACK  [Papers. 

of  some  such  calculations  are  given  in  Table  19,  a  width  of  tie  of  8  in. 
being  used,  and  experimental  results  are  given  for  comparison. 

It  will  be  seen  that  the  distribution  of  pressure  found  in  the  experi- 
ments may  be  accounted  for  by  the  superposition  of  pressures  of 
differing  intensities  and  inclinations  over  the  bottom  of  the  tie. 

The  method  of  lines  of  pressure,  in  conjunction  with  the  variation 
of  pressure  beneath  the  tie,  supplies  explanations  of  the  concentration 
and  distribution  of  pressure  in  the  ballast. 

1^6. — General  Discussion. — The  following  observations  summarize 
some  of  the  results  of  the  tests  and  analysis  and  bring  out  in  part  the 
phenomena  attending  the  transmission  of  pressure  from  the  tie  through 
the  ballast. 

The  bearing  pressure  of  the  tie  varies  in  intensity  from  its  edge 
to  its  middle  line;  the  maximum  intensity  is  dependent  upon  the 
intensity  of  pressure  developed  at  the  edge.  A  variation  in  intensity 
exists  also  along  the  length  of  the  tie. 

■The  pressures  which  react  from  the  lower  face  of  the  tie  act  in 
other  than  vertical  lines,  the  greatest  variation  from  the  vertical 
direction  being  at  the  edge  of  the  tie. 

There  is  a  concentration  of  pressure  a  short  distance  below  the 
tie,  say,  at  3  to  4  in.,  and  the  intensity  of  pressure  in  the  ballast  at 
such  a  depth  is  greater  than  exists  at  the  bottom  of  the  tie. 

For  the  tie  of  ordinary  width  the  intensity  of  pressure  at  a  depth  of 
6  in.  and  the  distribution  of  vertical  pressure  over  a  horizontal  plane  at 
this  depth  do  not  differ  greatly  from  those  existing  immediately  under 
the  tie.  The  directions  of  the  pressures  are  not  the  same.  At  or  below 
this  depth  the  distribution  of  pressure  laterally  begins,  with  a  con- 
sequent decrease  in  maximum  intensity  of  pressure,  and  the  change 
becomes  more  apparent  as  the  depth  increases. 

The  foregoing  relates  to  the  transmission  of  pressure  from  a  single 
tie.  For  a  number  of  ties  with  the  ordinary  tie  spacing,  the  effect  of 
the  combination  of  pressures  transmitted  is  readily  found  by  super- 
posing the  values  of  the  pressures  from  the  several  ties  as  obtained  for 
a  plane  at  the  same  depth.  For  the  ordinary  width  of  tie,  the  effect 
of  the  pressure  transmitted  from  the  adjacent  tie  to  points  midway 
between  ties  (overlapping  lines  of  pressure)  is  noticeable  at  a  depth 
equal  to  about  half  of  the  usual  tie  spacing.  At  a  depth  of  three- 
fourths  of  the  ordinary  tie  spacing  the  pressure  immediately  under  the 
center  of  the  tie  is  about  one  and  one-half  times  that  resulting  from  a 
uniform  distribution  over  the  horizontal  plane.  At  a  depth  equal  to  the 
ordinary  tie  spacing  the  lateral  distribution  has  become  such  that  the 
variation  in  intensity  of  pressure  from  tie  to  tie  is  small. 

The  variation  in  intensity  of  pressure  in  the  ballast  lengthwise  of 
the  tie  (which  is  dependent  upon  size  and  stiffness  of  tie,  quality  of 
tamping,   and  condition  of  the  bed  on  which  the  tie  rests)   becomes 
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Fig.  100. — Diagrammatic  Representation  of  Lines  of  Pressure  for  a  Tie  8  In. 
Wide,  Using  Ten  Times  as  Many  Lines  as  are  Given  in  Fig.  99. 
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less  and  less  with  increase  in  depth,  and  it  may  be  expected  that  the 
variations  will  be  smoothed  out  at  a  depth  equal  to  the  ordinary  tie 
spacing,  or  a  few  inches  below,  where  there  will  be  a  fairly  uniform 
pressure  over  the  horizontal  plane. 

The  tests  were  made  on  a  rigid  base  and  the  results  may  be  expected 
to  apply  to  a  firm  roadbed  capable  of  carrying  the  loads  transmitted.  A 
depth  of  ballast  greater  than  that  named  would  be  found  useful  when 
the  roadbed  is  of  uneven  character  or  yields  under  the  load  or  is  sub- 
jected to  unusually  heavy  load. 

The  tests  show  that  for  quiescent  loading  there  is  little  difference 
in  the  manner  and  rate  of  transmission  and  distribution  of  pressure 
for  broken  stone,  pebble,  and  sand  ballasts;  that  is,  at  a  given  depth 
the  intensities  of  pressure  will  be  approximately  the  same,  provided  of 
course  the  ultimate  carrying  capacity  of  the  ballast  is  not  exceeded,  and 
this  conclusion  may  properly  be  extended  to  other  non-cohesive 
materials.  It  will  require  less  load  to  force  the  tie  into  sand  ballast 
than  into  broken  stone;  the  ultimate  carrying  capacity  of  the  broken 
stone  ballast  under  tie  pressure  is  much  greater  than  that  of  the  sand 
ballast — the  particles  of  sand  ballast  are  more  easily  moved  and 
rearrange  themselves  under  lighter  loads.  For  the  different  kinds  of 
ballast  there  are  great  differences  in  the  ultimate  load  which  can  be 
carried  on  a  tie  before  ballast  movement  begins.  The  ultimate  carrying 
capacity  depends  upon  size  of  particle,  smoothness  of  surface,  and 
degree  of  angularity.  A  material  whose  mobility  under  pressure  is 
increased  by  the  addition  of  water  or  by  mixture  with  other  materials 
may  thereby  have  its  carrying  capacity  decreased.  For  heavy  loading 
the  ultimate  carrying  capacity  of  a  ballast  material  is  especially 
important. 

It  is  evident  that  a  principal  function  of  the  ballast  immediately 
under  the  tie  and  for  some  distance  down,  aside  from  such  functions 
as  drainage,  is  to  carry  the  load  without  material  lateral  movement  of 
the  ballast  to  that  depth  at  which  lateral  distribution  becomes  effective. 
An  advantage  of  the  coarser,  rougher  kinds  of  ballast  is  that  they  will 
carry  a  greater  ultimate  load — which  is  of  special  importance  in  the 
upper  part  of  the  ballast.  This  is  especially  true  under  the  jarring, 
vibrating  loads  of  track  service  for  which  the  ultimate  carrying  capacity 
naturally  will  be  less  than  that  found  under  the  quiescent  loads  used  in 
the  tests. 

The  tests  in  the  laboratory  indicate,  as  would  be  expected  also  from 
analytical  considerations,  that  the  presence  of  ballast  above  the  level 
of  the  bottom  of  the  tie  may  have  little  influence  on  the  quiescent  load 
which  will  be  carried  before  the  ballast  will  work  out  from  under  the 
tie  and  allow  it  to  settle,  but  that  under  repeated  applications  of  load 
and  particularly  under  jarring  and  vibratory  loads  the  ultimate  carry- 
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ing  capacity  of  the  ballast  is  considerably  increased  by  raising  the 
level  of  the  ballast  surface  to  the  top  of  the  tie.  This  advantage  is 
particularly  apparent  at  the  end  of  the  tie,  where  under  the  whipping 
action  of  the  tie  under  repeated  deflections  the  particles  of  ballast  will 
more  readily  be  pushed  away,  since  beyond  the  end  of  the  tie  there  is 
no  part  of  the  track  structure  available  for  resisting  the  lateral  pres- 
sure as  is  the  case  in  the  direction  of  the  track,  where  another  tie  is 
always  near  at  hand. 

It  seems  probable  that  the  effect  of  the  jarring  action  of  train  loads 
will  be  to  decrease  the  lateral  distribution  of  pressure.  It  seems  possible 
also  that  this  tendency  is  counteracted  in  some  degree  by  the  cohesion 
which  develops  in  ballast  after  it  has  been  in  place  for  some  time. 

It  should  be  added  that  the  "lines  of  pressure"  used  in  the  discus- 
sion are  presented  as  being  of  service  as  an  illustrative  and  suggestive 
conception  which  will  help  to  explain  some  of  the  phenomena  of 
transmission  of  pressure,  rather  than  as  a  rigidly  scientific  hypothesis. 
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Synopsis. 


In  the  course  of  the  regular  inspection  of  the  bridges  of  The  Con- 
necticut Company  in  1912,  the  bottom  chords  of  the  swing  span  of 
the  Washington  Bridge  over  the  Housatonic  River  were  found  to  be 
in  a  dangerous  condition  because  of  the  great  loss  of  section  by  cor- 
rosion, due  to  the  street  drainage  having  been  discharged  upon  the 
chords  for  years. 

This  bridge  carries  a  highway  with  a  single  electric  railway  track, 
and  being  on  the  direct  route  from  New  York  to  Boston,  traffic  is 
moderately  heavy.  There  is  no  other  bridge  within  seven  miles  to 
which  this  traffic  could  be  diverted,  and  as  the  Housatonic  at  this  point 
is  a  navigable  stream,  any  material  interruption  to  either  navigation  or 
highway  and  railway  travel  during  reconstruction  was  prohibited. 

This  paper  describes  the  methods  used  to  renew  the  chords,  with  a 
very  material  saving  of  time  and  money,  without  impeding  traffic.  A 
system  of  temporary  adjustable  timber  substitute  members  was  devised 
to  carry  the  bottom  chord  stresses  while  the  permanent  chords  were 
being  renewed,  allowing  the  free  use  of  the  bridge  for  half  the  width 

Note. — These  papers  are  Issued  before  the  date  set  for  presentation  and  discus- 
sion. Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting, 
and  may  be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will 
be  published  in  a  subsequent  number  of  Proceedings,  and,  when  finally  closed,  the 
papers,  with  discussion  in  full,  will  be  published  in   Transactions. 
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of  roadway  at  all  times,  and  also  permitting  the  span  to  be  opened  as 
required  for  river  traffic. 

Location. 
Washington  Bridge,  connecting  the  towns  of  Stratford  and  Milford, 
Conn.,  crosses  the  Housatonic  River  about  one  mile  and  one-half  above 
its  mouth,  and  carries  the  main  highway  between  Bridgeport  and  New 
Haven.  At  this  point  the  electric  railway  of  The  Connecticut  Com- 
pany has  a  single  track  in  the  highway,  though  the  line  is  double-tracked 
for  most  of  its  length. 

Original  Construction. 

The  bridge  was  built  in  1893  by  Dean  and  Westbrook  for  Fairfield 
and  New  Haven  Counties  as  a  highway  bridge,  the  steel  having  been 
fabricated  by  the  Berlin  Iron  Bridge  Company.  .  This  structure  consists 
of  a  203-ft.  swing  span  with  a  232-ft.  fixed  span  at  each  end.  The  fixed 
spans  have  through  pin-connected  triangular  trusses  with  curved  top 
chords,  each  span  with  eight  29-ft.  panels  subdivided  into  sixteen  floor 
panels  of  14  ft.  6  in. 

The  swing  span  has  through  pin-connected  trusses.  Fig.  1,  with  an 
18-ft.  rectangular  pivot  panel  flanked  at  each  end  by  three  triangular 
panels  of  30  ft.  10  in.,  subdivided  into  six  floor  panels  15  ft.  5  in.  long. 
The  top  chord  of  each  arm  of  this  span  is  curved,  with  a  height  varying 
from  20  to  33  ft.  This  swing  span  is  entirely  center-bearing,  but  has  a 
turntable  with  six  wheels  running  on  a  circular  track  to  provide  for 
unbalanced  load.  The  original  bottom  chords  were  T-in.  channels, 
latticed,  13|  in.  back  to  back,  with  splices  near  the  main  panel  points. 
In  the  pivot  panel  were  two  additional  channels  between  the  outer  ones, 
the  latter  being  continuous  with  those  of  the  rest  of  the  chord. 

In  all  the  spans  the  trusses  are  19  ft.  6  in.  on  centers,  the  highway 
being  carried  between  the  trusses  by  24-in.  plate  girder  floorbeams 
hung  below  the  chords  by  loop  hangers  passing  around  the  pins  and 
down  to  tie-plates  under  the  bottom  flanges.  The  plank  floor  is  sup- 
,  ported  by  I-beam  and  channel  stringers  resting  on  cast  iron  chairs  on 
top  of  the  floorbeams. 

One  of  the  designers  of  this  bridge  said  many  years  later  (after 
having  extensive  experience  in  bridge  construction)  that  he  doubted  if 
there  was  a  pound  of  surplus  material  in  the  original  bridge  in  excess 
of  that  required  to  meet  the  specifications  under  which  it  was  designed. 
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Fig.  1. — General  View  of  Washington  Bridge  Over  Housatonic  River. 


Fig.  2. — -East  Portal  of  Washington  Bridge  Over  Housatonic  River. 
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Earlier  Repairs  and  Alterations. 

Originally  there  was  no  track  on  the  bridge,  but  one  was  laid  later, 
its  center  line  in  1913  being  3  ft.  11  in.  south  of  the  center  line  between 
trusses,  as  seen  in  Fig.  2. 

The  bridge  has  been  strengthened  or  extensively  repaired  or  altered 
several  times,  one  of  the  more  recent  changes  being  the  addition  of  a 
4-ft.  sidewalk  on  brackets  outside  of  the  north  trusses.  At  the  same 
time.  The  Connecticut  Company  renewed  its  track  stringers,  increasing 
their  capacity,  and  cover  plates  were  added  on  both  flanges  of  the  floor- 
beams  ;  additional  floorbeam  hangers  were  put  on,  and  some  repairs  were 
made  to  the  bottom  chords  of  the  main  trusses.  This  work  was  required 
not  only  to  provide  for  increased  loads,  but  because  of  serious  corrosion 
found  on  many  parts  of  the  bridge. 

Condition  in  1912. 

Examination  of  this  structure  in  the  course  of  a  general  inspection 
of  the  bridges  of  The  Connecticut  Company  in  the  Fall  of  1912  revealed 
the  fact  that  serious  corrosion  had  taken  place  in  the  bottom  chords  of 
the  swing  span.  Though  the  bottom  chords  of  the  fixed  span  (being  of 
eyebars)  had  suffered  no  material  loss,  the  discharge  of  drainage  from 
the  roadway  through  slots  in  the  under  side  of  the  wheel  guards  had 
been  very  destructive  to  the  latticed  channel  chords  of  the  trusses  of 
the  swing  span.  The  chords  of  both  trusses  of  this  span  were  in  such 
condition  for  nearly  the  whole  length  that  their  immediate  renewal  was 
necessary,  or  else  the  use  of  the  bridge  would  have  to  be  discontinued. 
As  indicated  by  Fig.  3,  in  several  places  the  top  or  bottom  flange  of  a 
channel  was  nearly  or  entirely  gone,  and  at  other  places  large  holes  were 
rusted  through  the  web.  Corrosion  was  general  for  the  whole  length  of 
both  trusses,  but  was  greatest  near  the  pivot  pier,  and  the  inner 
channels  had  suffered  more  than  the  outer  ones. 

Some  of  the  pin  holes  had  been  enlarged  by  rust  or  badly  distorted 
by  overstrain  (see  Fig.  4).  Unfortunately  no  satisfactory  photograph 
was  obtained  of  the  worst  case  of  such  enlargement,  where  rust  had 
enlarged  the  pin-hole  more  than  1  in.  beyond  its  normal  lines. 

These  facts  made  it  evident  that  the  unit  strains  upon  the  reduced 
chord  sections,  due  to  the  dead  load  when  the  bridge  was  swinging,  far 
exceeded  any  possible  live  load  unit  strains,  and  the  chief  danger  of 
failure  was  by  "breaking  its  back"  when  swinging  rather  than  by  weak- 
ness for  carrying  traffic. 
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Factors  Affecting  the  Method  of  Eepair. 

The  first  method  of  procedure  to  suggest  itself  was  to  construct  a 
temporary  bridge  with  a  jack-knife  draw  on  one  side  of  the  present 
bridge,  and  to  divert  the  traffic  thereto.  Then  the  draw  of  Washington 
Bridge  could  be  swung  open  and  be  blocked  up  on  the  fender  pier  to 
allow  the  renewal  of  the  chords.  The  great  expense  involved  in  this 
method  quickly  forced  the  consideration  of  other  possibilities — and 
quasi-possibilities. 

There  is  no  bridge  or  ferry  across  the  Housatonic  River  below  the 
Washington  Bridge,  but  the  main  line  of  the  New  York,  New  Haven 
&  Hartford  Railroad  has  a  four-track  bridge  over  the  river  about  ^ 
mile  upstream.  The  location  and  construction  of  this  bridge  and  its 
approaches,  however,  are  not  such  as  to  allow  easy  or  economical  diver- 
sion of  highway  or  trolley  traffic  to  it.  The  nearest  other  public  means 
of  conveyance  across  the  river  is  7  miles  distant;  to  divert  traffic  to 
that  route  would  have  added  about  12  miles  to  the  17  miles  by  direct 
route  from  Bridgeport  to  New  Haven. 

Both  passenger  and  merchandise  traffic  across  the  Washington 
Bridge  is  moderately  heavy  on  the  electric  railway  and  also  on  the  high- 
way, as  the  bridge  is  on  the  most  direct  route  between  Bridgeport  and 
New  Haven  and  between  New  York  and  Boston.  The  inconvenience 
and  expense  that  would  have  been  caused  by  the  interruption  of  traffic 
would  have  been  great.  Some  of  the  traffic  would  have  been  discon- 
tinued or  sent  by  railroad,  but  most  of  it  would  have  been  diverted  to 
the  crossing  7  miles  up  the  river,  with  an  average  increased  haul  of 
about  12  miles. 

The  river  traffic  is  lighter,  but  the  Federal  Government  gives  such 
attention  to  the  maintenance  of  its  water  traffic  that  it  is  more  prac- 
ticable to  stop  entirely  thousands  of  travelers  on  a  highway  or  railway 
over  a  navigable  stream  rather  than  prevent  for  a  single  hour  the 
passage  of  a  yacht,  or  a  tug  with  a  scow,  across  the  line  of  such  high- 
way or  railway.  It  was  learned,  however,  that  Nature  does  each  winter 
what  the  Government  prohibits  man  from  doing — closes  the  river  to 
navigation  for  about  three  months.  Records  kept  for  several  years  show 
that  the  ice  became  so  thick  as  to  prevent  navigation  from  December 
or  January  to  March  or  April  of  each  winter  for  which  records  were 
available.  It  was  thought  that  the  War  Department  might  be  per- 
suaded to  allow  piles  to  be  driven  through  the  ice,  provided  that  such  a 
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Fig.  3. — Inner  Channel,  of  Bottom  Chord  of  Pr'ot  Panel,  South  Truss. 


Fig.  4. — Inner  Channel  of  Bottom  Chord  of  South  Truss  at  Lq. 
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man-built  barrier  were  not  allowed  to  remain  to  interfere  with  theo- 
retical open  navigation  longer  than  the  ice  presented  its  prohibition 
to  actual  navigation.  However,  uncertainty  of  obtaining  such  permis- 
sion, as  well  as  the  cost  of  this  method  of  making  the  repairs,  emphasized 
the  desirability  of  further  study  of  other  methods. 

It  may  be  observed  from  Fig.  5  that  though  the  swing  span  has  six 
floor  panels  at  each  end,  yet  structurally  it  has  but  three  panels  in 
each  arm,  each  truss  panel  having  its  bottom  chord  divided  into  two 
parts  corresponding  in  length  with  the  floor  panels  and,  of  course,  having 
equal  stress.  As  only  about  a  third  of  the  deflection  of  the  draw  when 
swinging  was  taken  up  by  the  end  lifts,  nearly  all  the  dead  load  was 
carried  by  the  trusses  to  the  center  bearing  even  with  the  bridge  closed, 
very  little  of  this  dead  load  being  supported  at  the  ends.  This  resulted 
in  a  constant  compressive  strain  in  the  whole  length  of  the  bottom 
chords  except  the  end  panels,  whether  the  bridge  was  swinging  free  or 
was  closed  and  carrying  the  maximum  live  load.  Only  a  small  tensile 
stress  was  possible  even  in  the  end  panels.  The  plans  were  examined, 
and  careful  inspection  was  made  of  the  structure  itself  to  ascertain 
whether  careless  erection  or  the  numerous  repairs  and  strengthenings 
might  have  changed  conditions  from  those  shown  on  the  plans.  It  was 
found  that  there  were  small  spaces  on  each  of  the  main  pins  where 
jaws  of  compression  members  could  obtain  bearings. 

Consideration  of  these  facts  led  to  the  adoption  of  a  plan  for  carry- 
ing the  bottom  chord  strains  by  temporary  substitutes  while  the  chords 
were  being  renewed,  and  study  of  the  problem  brought  conviction  that 
this  was  not  only  feasible  but  a  surprisingly  economical  solution.  It 
avoided  the  cost  of  falsework  and  of  constructing  a  temporary  crossing 
for  a  detour. 

Stress  Requirements  and  Assumptions. 

It  was  assumed  that  raising  the  ends  of  the  swing  span  relieved 
each  truss  of  that  portion  of  the  dead  load  which  was  concentrated  at 
the  end  panel  points,  L^,  leaving  the  remaining  dead  load  carried  as  if 
the  bridge  were  swinging  free.  The  live  load  was  considered  as  carried 
by  a  continuous  truss  on  three  supports.  With  these  assumptions,  if — 
(a),  the  railway  traffic  were  stopped  during  the  progress  of  the  work; 
(h),  the  sidewalk  were  removed,  and  (c),  the  highway  traffic  were  con- 
fined at  all  times  to  the  half -width  of  the  bridge  away  from  the  truss 
on  which  the  work  was  being  done,  the  maximum  stresses  in  the  bottom 
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chords  of  the  north  truss  would  be :  In  L^-L^-L^,  6  600  lb.  compression 
or  4  300  lb.  tension;  in  L.,-L^-L^,  49  000  lb.  compression;  in  L^-L^-L^, 
105  000  lb.  compression,  and  in  L^-L/  118  000  lb.  compression. 

Stresses  in  the  south  truss  would  be  slightly  less,  because  there 
were  no  sidewalk  brackets  on  the  south  side. 

Outline  of  Plan  Adopted. 

Based  on  the  foregoing  stresses,  a  plan  was  prepared  for  entirely 
relieving  the  steel  chord  of  all  compressive  strain  by  the  use  of  a 
temporary  adjustable  timber  substitute  chord  (see  Fig.  5),  each  full 
panel  (except  as  modified  near  the  pivot  panel)  having  inclined  struts 
with  jaws  bearing  against  the  pins  at  the  main  panel  points  L^,  L^  and 
L^,  their  other  ends  abutting  against  the  intermediate  floorbeams  at 
L^,  L^  and  L^,  near  their  bottom  flanges. 

In  the  pivot  panel,  a  double  timber  strut  was  required,  placed 
horizontally  with  one  timber  at  each  side  of  the  latticed  strut,  because 
of  the  latticed  longitudinal  strut  between  the  cross  girders.  These 
timbers  were  placed  at  the  level  of  the  lower  ends  of  the  timbers  in 
other  panels,  and  the  timber  in  the  half -panel  at  each  side  of  the  pivot 
panel  was  also  placed  horizontally  and  abutted  against  the  cross  girder 
at  Lq  directly  opposite  the  double  strut  of  the  pivot  panel. 

As  the  temporary  chord  did  not  bear  against  the  pins  Lg  next  to  the 
pivot  panel,  there  was  left  an  unbalanced  thrust  for  the  batter  posts 
U^-Lq  in  the  adjacent  panel  at  each  end,  which  must  be  transferred 
across  the  pivot  panel.  This  was  provided  for  by  a  timber  strut  (also 
adjustable)  above  the  level  of  the  pins,  and  bearing  against  the  vertical 
posts  U^-Lg  over  the  cross  girders. 

As  the  chord  stress  is  equal  in  both  parts  of  a  full  panel  and  as  the 
two  temporary  struts  which  were  used  to  take  the  strain  abutted  against 
the  pins  at  the  main  panel  points  and  against  opposite  sides  of  the 
floorbeam  at  the  same  height  at  intermediate  points,  there  was  no  strain 
in  the  floorbeams  due  to  the  temporary  chord  (or  substitute),  but  merely 
a  slight  additional  tension  in  the  hangers. 

In  the  full  panel  at  each  end  of  the  bridge,  L^-L^-L^,  tension  was 
provided  for  by  two  adjustable  rods  passing  over  the  intermediate  pin 
L^  and  connected  by  yokes  with  U-rods  around  the  pins  at  the  main 
panel  points  L^  and  L^.  No  provision  was  made  for  tension  in  any  other 
part  of  the  chord. 
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All  the  weight  of  the  bridge  when  swinging,  and  (by  the  assump- 
tion made)  nearly  all  of  the  dead  load  and  a  large  part  of  the  live  load 
when  the  draw  is  closed,  are  delivered  to  the  cross-girders  at  L^  by  the 
bearing  of  the  bottom  chord  channels  upon  the  cross-girders,  whence 
it  is  carried  to  the  center  bearing,  except  for  a  small  amount  of 
unbalanced  load  carried  by  the  turntable  wheels.  It  is  evident  that  if 
the  chord  channels  were  removed  entirely  from  the  top  of  the  cross- 
girders  and  no  other  provision  made  for  supporting  the  bridge,  it 
would  drop  until  a  bearing  of  the  vertical  or  batter  posts  was  reached 
on  the  cross-girders.  To  prevent  such  a  drop,  four  wedges  §  in.  thick 
were  driven  under  each  pin  L^  just  inside  the  webs  of  the  channels 
forming  the  vertical  post,  and  outside  of  those  forming  the  main 
diagonal  U.-L^, 

The  longitudinal  latticed  struts  between  the  cross-girders  under  the 
trusses  were  very  badly  corroded  and  had  to  be  renewed;  and  read- 
justment was  required  in  some  of  the  truss  members. 

Details  of  Design. 

In  the  first  five  sub-panels  from  each  end  of  the  span  (see  Plate  VI) 
each  compression  member  was  composed  of  two  pieces  of  10  X  12-in. 
hard  pine  timber,  separated  by  a  forged  steel  wedge  sliding  vertically 
between  cast  iron  caps  on  the  timbers,  thus  allowing  for  adjustment  in 
the  length  of  the  member. 

The  lower  end  of  this  strut  was  trimmed  so  that  it  would  bear  solidly 
against  the  web  and  bottom  flange  of  the  intermediate  floorbeam,  while 
the  upper  end  was  cut  down  to  a  width  of  8|  in.,  and  sawed  off  square 
to  butt  against  the  diaphragm  of  a  steel  cap  with  |-in.  jaw-plates  bolted 
one  on  each  side  of  the  timber.  These  jaws  projected  beyond  the  end 
of  the  timber  and  diaphragm,  and  had  their  ends  cut  out  semi-circularly 
to  fit  against  the  main  truss  pin.  Between  these  jaw-plates,  and  bearing 
against  the  end  of  the  timber,  a  ^-in.  diaphragm  plate  was  attached  to 
the  jaws  by  two  angles  8  (or  6)  X  4  X  i  in.,  the  rivets  being  counter- 
sunk in  the  diaphragm  so  as  to  present  a  flat  surface  for  bearing  on  the 
end  of  the  timber. 

The  wedge  was  located  3^  ft.  from  the  floorbeam  end  of  the  strut,  and 
had  two  planed  surfaces,  each  with  a  slope  of  1  in  8,  sliding  between 
planed  surfaces  of  the  east  iron  caps  on  the  timbers.  Two  li^-in.  bolts, 
passing  through  the  wedge  and  through  a  washer  plate  12  in.  square 
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by  f  in.  thick,  were  used  to  draw  the  wedge  into  place  and  to  prevent 
its  slipping.  Two  scabs  of  12-in.  channels  5  ft.  long  were  bolted  to  the 
strut,  one  on  each  side,  to  maintain  the  strut  in  proper  line.  These 
scabs  were  secured  to  the  component  timbers  by  nine  |-in.  bolts  for 
each  timber,  three  of  which  passed  also  through  the  cast  iron  cap.  The 
holes  in  the  scab  channels  for  the  bolts  for  the  lower,  and  shorter,  timber 
were  jf  in.  in  diameter,  while  those  for  the  bolts  for  the  other  timber 
were  slotted  to  2i  in.  in  length.  These  bolts  were  left  loose  until  the 
wedges  were  drawn  up  the  full  amount,  and  then  tightened.  The  slopes 
of  1  in  8  (or  1^  in.  per  foot)  were  adopted  for  the  wedge  as  nearly 
balancing  the  friction,  if  the  faces  of  the  wedge  were  well  greased  the 
coefficient  of  friction  being  estimated  at  about  0.15. 

Later  experience  confirmed  this  estimate,  for  when  the  bolts  were 
slacked  off  it  required  the  tap  of  a  hammer  (in  some  cases  a  hard  blow) 
to  loosen  the  wedges. 

In  the  half-panel  next  to  the  pivot  panel  (Plate  VII),  the  strut  was 
niade  similar  to  those  in  the  first  five  half -panels  except  that  instead  of  the 
jaw  connection  for  the  pin  at  i„  the  strut  was  placed  horizontally  with 
a  square  end  of  the  timber  abutting  against  the  web  of  the  cross-girder 
under  the  pin  L^.  Blocking  underneath  and  at  both  sides  of  the  strut 
held  it  securely  in  place. 

In  the  pivot  panel  a  double  strut  was  used :  it  was  laid  horizontally 
and  level  with  those  in  the  adjacent  half-panels,  but  with  one  line  of 
timbers  on  each  side  of  the  permanent  latticed  steel  strut  between  the 
cross-girders,  which  (except  one  diagonal  temporarily  omitted)  had  been 
previously  renewed.  These  timbers  were  bolted  together  through  spac- 
ing blocks  at  three  points,  and  had  double  cast  iron  caps  for  wedges 
sliding  horizontally,  the  two  wedges  being  drawn  in  by  two  l^-in.  rods 
passing  through  both  wedges.  At  the  expansion  joints  10-in.  scab  chan- 
nels, similar  to  the  12-in.  channels  in  the  other  panels,  were  used,  but 
they  were  placed  on  top  of  and  underneath  the  timbers.  Blocking 
held  the  struts  in  place  at  points  of  bearing  against  the  cross-girders 
and  to  distribute  the  pressure  of  the  two  struts  of  this  panel  so  as  to 
oppose  the  single  struts  of  the  adjacent  half-panels  without  straining 
the  webs  of  the  cross-girders. 

A  strut  was  placed  13  in.  (on  centers)  above  the  chord  in  the  pivot 
panel  to  take  the  unbalanced  thrust  of  the  diagonal  posts  of  the 
adjacent  panels.     Its   construction   was   similar  to   that  of  the  other 
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timber  struts,  and  its  ends  butted  against  blocking  on  the  channels  of 
the  vertical  truss  posts,  blocking  also  being  placed  within  the  post  to 
stiffen  it  locally. 

In  the  full-panel  at  each  end  of  the  span  (Plate  VI)  the  temporary 
§-in.  rods  were  provided  with  turnbuckles  for  greater  convenience, 
although  adjustment  was  possible  at  the  yokes  where  the  main  rods 
were  connected  with  the  U-bolts  passing  around  the  pins. 

Specifications. 

As  is  frequent  in  the  author's  practice  in  the  design  and  construc- 
tion of  such  bridges  or  their  repair,  the  specifications  prepared  by 
Professor  George  F.  Swain,  Past  President  of  the  Society,  and  issued 
by  the  Massachusetts  Railroad  Commission,  were  adopted  as  the  basic 
specifications  for  this  work.  As  the  proposed  method  of  conducting 
the  reconstruction  required  great  care  in  its  execution,  or  it  would 
result  in  disaster  instead  of  an  improvement,  supplementary  specifica- 
tions were  prepared  going  into  more  than  usual  detail  as  to  the  methods 
to  be  used,  precautions  to  be  taken,  and  the  order  in  which  the  work 
should  be  performed. 

It  was  provided  that  the  electric  railway  traffic  should  be  suspended 
across  the  swing  span  during  the  progress  of  the  repairs,  and  that  other 
traffic  should  be  restricted  at  all  times  to  the  half-width  of  roadway 
away  from  the  truss  upon  which  work  was  being  done  at  the  time.  In 
preparation  for  renewing  the  chord  of  the  north  truss  the  sidewalk 
was  to  be  removed  and  stored  properly  so  that  it  might  be  replaced 
after  the  chord  had  been  renewed. 

The  strengthening  of  one  truss  was  required  to  be  completed  before 
work  should  begin  on  the  other;  and  for  each  side  of  the  bridge  it  was 
prescribed  that  the  work  should  proceed  in  the  following  order: 

The  new  longitudinal  strut  in  the  pivot  panel  under  the  truss  between 
the  cross-girders,  should  be  placed  and  entirely  riveted,  except  as  noted, 
before  any  work  is  done  upon  the  truss  itself. 

Obstructions  to  placing  the  temporary  chords,  such  as  tieplates  and 
lattice  bars,  might  be  removed  when  necessary,  but  in  such  case 
temporary  blocking  and  clamps  should  be  placed  in  order  to  properly 
stiffen  the  chord  channels. 

All  the  temporary  material  for  one  truss  was  to  be  put  in  place  and 
the  slack  taken  up  (but  without  strain),  and  examination  was  to  be 
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made  of  each  member  to  see  if  the  anticipated  additional  wedging 
would  leave  the  wedges  within  the  prescribed  limits  of  position,  before 
the  wedging  should  be  begun  which  was  to  relieve  the  main  chords.  The 
driving  of  these  wedges  was  to  begin  at  the  pivot  panel  and  proceed 
thence  toward  the  ends,  keeping  the  conditions  approximately  equal  in 
the  corresponding  panels  of  the  two  arms.  Wedges  were  to  be  well 
lubricated,  and  when  fully  drawn  into  the  position  which  should  remove 
all  the  strain  from  the  main  chords  they  should  bear  for  at  least  three- 
quarters  of  their  length  upon  the  caps.  All  the  bolts  in  the  scab  chan- 
nels for  the  temporary  struts  were  to  be  put  in  place  and  the  nuts  placed 
on  the  ends  of  the  bolts,  but  left  loose  until  the  wedges  were  in  their 
final  positions.  After  the  wedges  were  adjusted  so  that  no  strain  what- 
•  ever  was  left  in  the  main  chords  the  nuts  must  be  tightened  before  any 
chord  section  could  be  removed. 

It  was  specified  that  the  entire  temporary  chord,  including  the 
adjustable  rods  of  the  end  panels,  should  be  in  place  and  satisfactorily 
adjusted  so  that  the  main  chord  should  be  entirely  free  from  strain, 
and  the  bolts  through  the  scab  channels  tightened  up,  before  any 
section  of  chord  channel  might  be  removed.  The  renewal  of  the  chord 
channels  should  begin  at  the  ends  and  proceed  toward  the  pivot  panel, 
only  one  section  of  chord  channel  being  off  at  once,  the  lacing  and  tie- 
plates  being  bolted  on  as  soon  as  practicable.  Where  the  temporary 
work  prevented  immediate  replacement  of  tieplates  and  lacing,  block- 
ing and  clamps  should  be  used  to  stiffen  the  new  chord  channels  the 
same  as  specified  for  use  with  the  old  ones  before  renewal. 

Wedges  on  the  cross-girders  under  the  pins  L^  were  specified  to  be 
driven  before  the  old  chord  was  removed,  and  to  be  withdrawn  after  the 
new  chord  sections  should  be  in  place ;  after  which  they  were  to  be 
redriven  to  a  firm  bearing  and  secured  in  such  a  manner  as  to  prevent 
their  working  out.  At  the  time  of  writing  the  specifications  it  was  not 
realized  that  the  pinholes  in  the  chord  channels  had  been  so  deformed 
by  rust  and  overstrain  that  a  settlement  of  from  ^  to  y^  in.  had 
occurred  at  these  points,  requiring  a  corresponding  lift  of  the  whole 
bridge  in  order  to  allow  the  new  chord  channels  to  be  put  on. 

The  experience  in  driving  the  wedges  the  first  time  led  to  the  can- 
cellation of  the  requirement  for  their  withdrawal  and  redriving.  It  was 
specified  that  short  pieces  of  the  inside  channels  at  L^   (there  being 
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four  channels  in  each  chord  section  in  the  pivot  panel)  should  be  left 
in  place  to  help  deliver  the  weight  of  the  bridge  to  the  cross-girders. 

Precautions  Taken  to  Insure  Safety. 

From  the  inception  of  this  method  of  renewing  the  truss  chords  it 
was  fully  appreciated  that  any  carelessness,  either  in  design  or  execution 
of  the  work,  would  be  fraught  with  danger;  so  special  precautions  were 
taken  to  insure  its  success.  Consideration  was  given  to  the  matter  of 
economy,  but  when  the  question  was  the  choice  between  low  cost 
attended  by  danger  and  a  somewhat  higher  cost  coupled  with  safety  for 
life  and  material,  there  was  no  hesitation  in  choosing  safety.  In  its 
basic  principles  the  method  proposed  was  so  decidedly  economical  that 
there  was  less  incentive  to  reduce  the  cost  by  the  last  cent  possible,  or 
to  use  too  delicate  scales  in  balancing  safety  against  cost. 

Extensive  experience  in  the  conduct  of  repair  work  brought  a  realiza- 
tion that,  even  more  than  in  new  work,  carefully  prepared  specifications 
and  plans  were  not  by  any  means  a  guaranty  that  the  actual  work 
would  be  done  as  indicated  by  them.  Therefore,  when  the  plans  were 
presented  it  was  stipulated  that,  if  they  were  adopted,  the  work  must  be 
done  under  careful  engineering  supervision  by  a  contractor,  foreman 
and  crew  who  had  been  found  dependable  on  other  similar  undertakings. 

It  was  recommended,  also,  that  payment  for  the  work  should  be  put 
on  such  a  basis  that  undue  desire  for  profit  should  not  lead  the  con- 
tractor into  careless  methods.  Arrangements  were  made  to  give  the 
author  absolute  jurisdiction,  and  that  he  should  be  represented  at  all 
times  upon  the  work  by  a  trusted  assistant  as  resident  engineer;  also, 
that  he  should  be  present  in  person  during  the  more  critical  stages  of 
the  work.  A  contractor  and  foreman  who  had  aided  the  author  and  his 
staff  many  times  in  seeking  "safety  first"  on  other  critical  work,  and 
had  inspired  complete  confidence,  were  chosen  to  do  the  work,  which 
was  carried  on  under  a  "force  account"  contract. 

In  many  cases  the  stresses  to  be  provided  for  would  have  permitted 
the  use  of  smaller  timbers,  and  correspondingly  smaller  wedges,  caps, 
etc.,  for  the  temporary  work,  especially  if  it  could  be  assured  that  they 
would  be  subjected  to  no  other  strain  than  that  of  direct  compression 
parallel  with  the  axis  of  the  timber.  Practical  consideration  of  all  the 
demands  that  might  be  made  uix)n  them,  however,  prompted  the  use 
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of  10  X  12-in.  timbers  throughout,  and  wedge  and  channel  reinforce- 
ment of  a  uniform  type,  so  far  as  practicable. 

As  a  further  precaution,  extra  timbers,  wedge,  caps,  and  bolts  were 
provided  for  use  in  an  emergency,  and  timbers  and  blocking  were  made 
available  so  that  in  case  of  difficulty  in  drawing  up  the  wedges  the  bridge 
could  be  swung  open  and  blocked  up  on  the  fender  pier.  Except  two 
wedge  bolts  these  extra  supplies  were  not  required,  and  after  the  com- 
pletion of  the  work  the  timbers  were  returned  to  the  lumber  company 
without  other  expense  than  the  mere  hauling  to  and  from  the  bridge. 

Though  it  was  considered  safe  to  swing  the  draw  at  any  time  during 
the  progress  of  the  work,  it  was  thought  desirable  as  an  additional  pre- 
caution to  avoid  such  turning  if  practicable.  Preparation  was  there- 
fore made  to  execute  the  work  during  the  season  in  which  navigation 
would  be  closed  by  ice.  It  is  evident  that  the  author  can  lay  no  claim 
to  being  righteous,  for  "the  good  book"  states  that  the  "fervent  prayer 
of  a  righteous  man  availeth  much."  Certainly  his  prayer  for  a  long 
closed  season  was  fervent;  but  the  winter  of  1912-13  proved  to  be  a 
very  unusual  one,  and  the  longed  for  ice  came  in  such  moderation  that 
navigation  continued  without  interruption.  Nevertheless  the  work 
went  ahead  and  was  completed  with  no  mishap  whatever. 

Construction  Work. 

All  materials  for  the  work,  both  for  temporary  use  and  for  permanent 
construction,  were  made  ready  and  collected  on  or  near  the  bridge 
before  work  was  commenced  on  the  existing  structure.  A  barricade 
was  erected  at  the  end  of  each  approach  span  just  outside  of  the  per- 
manent gate,  and  a  fence  was  built  for  the  whole  length  of  the  swing 
span  to  confine  the  traffic  to  the  south  side  of  the  draw,  leaving  a  little 
more  than  half  the  width  of  the  roadway  clear,  and  protecting  the  men 
at  work  on  the  north  truss.  The  sidewalk  floor  outside  the  north  truss 
was  taken  up,  and  the  north  tender's  house  (used  only  for  storage  of 
supplies)  was  removed  except  the  roof,  which  was  hung  by  slings  from 
above  because  of  the  counter  rods  of  the  truss  passing  through  it. 

The  first  work,  except  that  of  preparation,  was  the  removal  of  the 
longitudinal  struts  between  the  cross-girders  of  the  turntable  and 
their  replacement  with  new  material.  This  was  completed  and  riveted 
(except  one  diagonal  omitted  for  the  time  being  to  allow  the  wedge 
cap  of  the  temporary  chord  to  pass  through  the  strut)  before  any  work 
was  done  on  the  truss  chord  itself. 
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The  temporary  chord  (or  temporary  substitute  for  the  chord)  was 
then  put  in  place,  but  without  strain,  for  the  whole  length  of  the  north 
truss.  Each  sub-panel  strut  was  handled  in  two  lengths,  the  long  timber 
with  its  wedge-cap  and  the  jaws  for  the  pin  comprising  one  part,  and 
the  short  timber  and  its  wedge-cap  with  the  channel  scabs  bolted  on 
loosely  forming  the  other.  These  two  lengths  were  put  together  in 
place,  the  bolts  put  through  the  scab  channels  and  the  long  timber,  and 
the  nuts  caught  on  the  bolts  but  not  turned  up  (see  Fig.  6). 

This  held  the  strut  (minus  the  wedge)  sufficiently  in  position  to 
release  the  men  and  the  tackle  for  the  heavier  work  of  hoisting  the 
wedge  into  place,  after  which  the  bolts  and  washer  plates  were  added 
and  the  wedge  was  drawn  up  just  enough  to  take  up  the  slack.  The 
lengths  were  made  such  that  this  condition  left  the  wedge  bearing  for 
about  half  of  its  length  on  about  half  of  the  depth  of  the  strut  as 
shown  by  Fig.  7. 

In  the  pivot  panel  the  double  strut  was  placed  in  a  similar  way,  with 
one  line  of  timbers  inside  and  one  outside  (see  Fig.  8)  of  the  per- 
manent strut  between  the  cross-girders,  except  that  the  wedge-caps 
(being  double  caps  serving  both  struts  and  passing  through  the  per- 
manent strut  where  the  diagonal  was  omitted  temporarily)  were  placed 
separately  from  the  timbers.  Consequently  the  scab-channels  were  also 
handled  separately.  This  was  done  the  more  readily  here  because  these 
timbers  could  be  hung  upon  the  permament  strut.  In  this  panel  the 
channel  scabs  were  on  the  top  and  bottom  of  the  timbers,  and  the  wedges 
were  drawn  horizontally  from  the  inside  and  outside,  a  single  pair  of 
rods  serving  for  both  wedges. 

Before  placing  the  upper  temporary  strut  of  the  pivot  panel  the  f-in. 
wedges  W^  were  driven  under  the  main  truss  pins  between  the  pins  L^. 
and  the  cross-girders  (or  bearing-girders).  As  these  pin-holes  had  been 
enlarged  by  rust  and  overstrain,  there  had  been  such  a  settlement  as  to 
require  a  lift  ranging  from  I  to  -f',-.  in.  The  cramped  space  for  these 
wedges  added  to  the  difficulty  of  driving  them  into  place,  but  this  was 
accomplished  satisfactorily.  Afterward,  the  upper  temporary  strut 
was  placed  between  the  truss  verticals.  Tlie  wedges  under  these  pins 
were  left  in  place,  not  being  withdrawn  temporarily  as  specified:  It 
was  not  found  necessary  to  pin  them  to  prevent  their  working  out. 
Blocking  was  used  inside  the  posts,  and  between  the  strut  timbers  and 
the  posts,  to  distribute  the  strain  and  stiffen  up  the  post  channels.    In 


Papers.]      a  NOVEL  METHOD  OF  REPAIEING  A  SWING   BRIDGE  323 


Pig.  6. — Tempoeaey  Chord  in  Place  at  West  End  of  South  Truss. 


Fig.  7. — Temporary  Bottom  Chord  L4L5L8  in  South  Truss. 
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this  temporary  strut  the  scab-channels  were  placed  on  the  upper  and 
lower  sides  of  the  strut,  and  the  wedge  was  driven  horizontally. 

Temporary  tension  rods  TR^  in  the  end  panels  (see  Plate  VI)  were 
placed  by  first  inserting  the  long  rods  through  the  lacing  of  the  chord 
and  passing  their  ends  through  the  pin-caps  of  the  temporary  struts. 
Yokes  were  then  put  on  the  ends  of  the  rods  and  the  nuts  turned  up, 
the  loop  ends  put  around  the  pins  and  through  the  yokes,  and  the  turn- 
buckles  added  and  turned  up  sufficiently  to  take  up  the  slack. 

In  placing  the  temporary  struts  or  rods  it  frequently  became  neces- 
sary to  cut  away  the  tieplates  and  lacing  bars,  but  whenever  this  was 
done  suitable  blocking  and  clamps  were  put  on  to  stiffen  the  chord 
channels  properly  (see  Fig.  9).  This  was  done  also  to  stiffen  the  chan- 
nels of  the  new  chords  before  the  temporary  struts  were  removed,  so 
that  the  tieplates  and  lacing  could  be  bolted  on.  At  some  pins  a  slight 
readjustment  of  the  pin-packing  was  required  to  allow  the  proper 
insertion  of  the  jaws  of  the  temporary  struts. 

When  the  temporary  work  for  the  renewal  of  the  chord  of  the  north 
truss  was  in  place  for  the  whole  length  of  the  swing  span,  with  the 
slack  taken  up  but  without  taking  any  strain,  all  parts  were  examined 
carefully  to  see  if  any  refitting  was  required.  Everything  being  found 
satisfactory,  the  work  of  drawing  in  the  wedges  was  begun,  starting  at 
the  pivot  panel  and  working  toward  the  ends,  keeping  the  advance 
approximately  even  in  the  two  arms.  At  each  wedge  the  nuts  were 
turned  up  a  little  on  the  rods  alternately,  using  a  long-handled  wrench 
with  the  handle  lengthened  by  the  addition  of  a  piece  of  pipe  so  that 
three  men  could  work  together  on  the  wrench  while  a  fourth  assisted 
by  striking  the  head  of  the  wedge  frequent  blows  with  a  sledge.  The 
chord  was  considerably  relieved  of  strain  in  the  pivot  panel,  J^^-L^'  (see 
Fig.  5),  and  the  adjacent  panels  L^-L^-L^  toward  each  end  before  any 
wedging  was  done  in  more  distant  panels.  The  middle  panels  L^-L^-L^ 
of  each  arm  were  then  wedged  until  there  was  hardly  any  strain  left 
in  the  truss  chord.  The  men  returned  to  the  pivot  panel  and  those  next 
to  it  on  each  end,  and  the  strain  was  entirely  taken  out  of  the  chord. 
After  this,  the  remaining  strain  in  the  middle  panels  was  removed, 
and  the  end  panels,  L^-L^-L^,  were  relieved  of  all  possibility  of  strain, 
whether  the  ends  of  the  span  were  lifted  or  were  swinging  free,  by 
wedging  the  compression  struts  and  by  tightening  up  the  turnbuckles 
on  the  tension  rods. 
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As  had  been  expected,  a  slight  strain  was  now  found  in  the  chord 
of  the  pivot  panel  and  those  adjacent  to  it,  although  previously  entirely 
free  from  strain.  Accordingly  the  wedges  in  these  panels  were  drawn 
in  a  little  more  to  relieve  the  chord  again  entirely.  Then  each  section 
of  channel  for  the  whole  of  the  span  was  sounded  carefully  to  make 
sure  that  it  was  absolutely  "dead",  and  every  nut  on  the  wedge  rods 
and  each  tension  rod  in  the  end  panels  was  tested  in  order  to  be  sure 
that  the  rods  of  each  couple  were  dividing  the  stress  about  equally. 

When  everything  was  found  to  be  in  proper  condition,  the  nuts  were 
turned  up  tight  on  the  bolts  through  the  channel  scabs,  and  the  work 
was  left  for  the  night  with  a  feeling  of  satisfaction.  All  pin-nuts  for 
this  truss  were  loosened  so  as  to  be  removed  easily  and  quickly  (in  most 
cases  by  hand)  when  required,  but  left  on  the  pins,  and  so  close  to  the 
chord  channels  that  no  channel  could  slip  off  the  shoulder  of  the  pin 
before  its  removal  was  desired.  Several  pin-nuts  were  broken  in  their 
removal,  but  a  supply  had  been  provided  for  this  contingency.  As  more 
new  nuts  were  required  for  the  north  truss  than  had  been  anticipated, 
an  additional  reserve  was  obtained  in  order  that  there  should  be  no 
lack  later. 

The  first  work  the  next  morning  was  to  retest  carefully  all  details 
to  see  if  any  change  had  taken  place  during  the  night.  Everything 
being  satisfactory,  the  lacing  and  tie-plates  were  removed  from  the  outer 
channel  of  the  first  panel,  L^^-L^-L^,  at  the  east  end,  and  this  channel 
taken  off.  The  test  of  the  plan  of  renewal  was  not  to  be  delayed  greatly ; 
for  hardly  had  this  channel  been  removed  when  a  whistle  was  heard 
calling  for  the  opening  of  the  draw.  There  was  no  time  for  substi- 
tuting a  new  channel,  so  the  work  was  stopped,  all  staging  connecting 
the  moving  with  the  fijxed  structure  was  shifted  to  be  carried  entirely 
by  the  one  or  the  other,  and  orders  were  given  to  open. 

During  the  whole  time  the  bridge  was  open  the  engineers  and  the 
foreman  carefully  observed  the  temporary  structure,  sounding  the 
steel  chord  channels  to  see  that  they  received  no  strain  because  of  the 
movement.  The  result  of  this  observation  was  so  reassuring  that  there- 
after no  hesitation  whatever  was  felt  about  opening  the  bridge  as  often 
as  desired;  in  fact,  after  the  draw  had  been  swung  a  few  times  the 
work  went  on  while  the  bridge  was  open  just  about  the  same  as  when 
it  was  closed,  except  for  the  removal  of  planks  and  ropes  connecting  it 
with  the  piers  and  fixed  spans.     Several  times  some  of  the  workmen  did 
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Fig.  8. — Temporary  Bottom  Chord  in  Pivot  Panel  of  South  Truss. 


Fig.  9. — West  Half  of  South  Truss  with  Temporary  Chord  in  Place. 
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not  even  notice  that  the  bridge  had  moved  until  they  heard  the  noise 
of  the  machinery  lifting  the  ends  after  the  bridge  was  closed. 

When  the  draw  was  closed  again  the  new  outer  chord  channel  was 
put  in  place,  and  the  hanger  for  the  end  floorbeam  bolted  to  it.  Then 
the  inner  channel  was  removed  and  a  new  one  substituted.  When  both 
new  channels  of  this  section  of  the  chord  were  in  position  and  the  nuts 
replaced  on  the  truss  pins,  as  many  of  the  tieplates  and  lacing  bars  as 
practicable  were  bolted  on,  and  such  blocking  and  clamps  added  as 
were  necessary  properly  to  stiffen  that  portion  of  the  length  which  was 
left  disconnected.  Bolts  were  put  in  the  gussets  connecting  the  chord 
with  the  end  floorbeam ;  the  latter  bolts  were  replaced  by  rivets  as  soon 
as  practicable,  but  those  in  the  tieplates  and  lacing  were  allowed  to 
await  a  more  convenient  time. 

The  renewal  of  the  second  and  third  panels  followed  rapidly,  com- 
pleting the  east  arm  of  this  truss  except  for  a  short  space  near  the  pin 
Lq.  In  like  manner  the  lower  chord  of  the  west  arm  of  this  north  truss 
was  renewed  for  an  equal  length;  after  which  the  new  outside  channels 
of  the  pivot  panel  were  placed  and  the  inside  channels  of  this  panel 
were  cut  off  a  few  inches  from  the  pin.  As  required  by  the  specifica- 
tions, a  short  piece  of  each  of  these  inside  channels  was  left  in  place 
to  assist  in  delivering  the  load  of  the  truss  from  the  pin  to  the  cross- 
girder. 

As  fast  as  sections  of  chord  were  added,  the  splice  plates  were  bolted 
tight  with  bolts  in  about  half  of  the  holes  and  drift  pins  in  the  other 
half.  Riveting  of  the  splices  was  done  as  soon  as  convenient  after  the 
temporary  work  was  removed,  but  riveting  of  the  tieplates  and  lacing, 
as  well  as  the  replacing  of  the  sidewalk,  was  allowed  to  await  the  con- 
venience of  the  work. 

When  the  whole  chord  was  in  place  and  the  splices  bolted,  all 
anxiety  about  the  success  of  the  plan  was  over,  but  some  difficulty  was 
experienced  in  the  removal  of  the  wedges.  As  their  slopes  were  slightly 
less  than  the  angle  of  friction  of  the  bearing  surfaces  after  the  lubri- 
cant had  been  squeezed  and  dried  out,  some  coaxing  was  required  in 
starting  them.  In  fact,  in  some  cases  it  proved  harder  to  force  them 
out  than  it  had  been  to  draw  them  into  place.  It  was  considered  unsafe 
to  remove  both  bolts  entirely  from  a  wedge,  because  a  sudden  movement 
of  the  wedge  might  endanger  the  chords  by  the  impact  as  well  as  cause 
the  loss  of  the  wedge.    The  bolts  were  slackened  a  little  and  the  wedge 
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"teased"  along  by  blows  of  a  hammer  against  the  side  of  the  broad  end, 
where  it  extended  beyond  the  under  side  of  the  strut.  In  the  worst 
cases,  one  of  the.  bolts  was  slackened  off  and  the  other  removed  entirely, 
allowing  a  bar  to  be  put  through  the  hole  in  the  washer  plate  and  the 
wedge  to  be  driven  out  by  blows  against  the  thin  end  of  the  wedge. 

Work  on  the  south  truss  was  similar  to  that  on  the  north  truss 
with  two  important  exceptions,  viz. — all  the  men  were  experienced  in 
their  respective  duties,  and  the  inconvenience  of  the  sidewalk  brackets, 
etc.,  was  absent;  progress  therefor  was  more  rapid.  In  one  respect, 
however,  work  on  the  south  truss  was  more  difficult,  because  there  was 
greater  distortion  and  corrosion  of  the  pinholes  at  L^  over  the  cross- 
girders.  This  caused  the  most  troublesome  operation  on  the  whole 
work,  as  it  added  to  the  difficulty  of  raising  the  truss  to  its  original  posi- 
tion. The  identical  material  was  used  for  temporary  work  for  the 
south  truss  that  had  been  used  for  the  north,  except  that  two  new  bolts 
were  required  for  drawing  in  the  wedges,  to  replace  those  with  worn 
threads. 

After  the  new  chords  were  in  position,  riveting  and  some  adjust- 
ments of  floorbeam  hangers  completed  the  work  of  restoring  the  bridge 
to  a  capacity  considerably  greater  than  before  corrosion  and  distor- 
tion had  injured  it. 

Conclusion. 

In  comparison  with  what  would  have  been  reqviired  had  the  repairs 
been  made  by  providing  for  a  detour,  so  that  the  draw  span  might  be 
blocked  up  on  the  fender  pier  for  the  renewal  of  the  chords,  the  money 
cost  and  the  interference  with  traffic  by  this  method  of  reconstruction 
were  remarkably  small. 

The  total  cost  of  the  work,  exclusive  of  engineering  expense  and 
that  of  watchmen,  was  $5  900.  Vehicular  traffic  was  confined  to  the 
half- width  of  bridge  for  about  six  weeks ;  trolley  passengers  were  obliged 
to  transfer,  with  a  walk  of  about  300  ft.,  for  a  similar  period  of  time. 
Shipping  suffered  no  obstruction  whatever,  for  the  bridge  was  swung 
as  freely  as  usual. 

Although  no  definite  estimate  was  made  of  the  cost  of  a  detour, 
with  a  temporary  viaduct  and  jack-knife  draw,  it  is  believed  that  this 
cost,  with  provision  for  car  service,  would  have  been  at  least  $100,000. 
This  plan  would  have  saved  the  transfer  of  trolley  passengers,  but  all 
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traffic  would  have  had  300  ft.  increased  length  of  haul  (about  equal 
to  the  distance  that  traffic  was  restricted  by  the  adopted  plan),  and  an 
undesirable  grade  at  each  end  of  the  detour  would  have  been  intro- 
duced. As  a  temporary  draw  is  slow  of  action,  the  interruption  to  traffic 
probably  would  have  been  as  great  as  it  was  with  the  short  gauntlet 
required  by  the  plan  described  in  this  paper. 

Interference  with  navigation  surely  would  have  been  greater  with  a 
temporary  trestle  and  jack-knife  draw,  unless  there  was  justification  for 
the  suspicion  several  times  expressed  when  a  tug  passed  up  the  river 
a  short  distance,  and  returned  soon  without  any  apparent  reason  for 
the  trip.  It  was  intimated  that  these  trips  might  have  been  taken  in 
the  hope  of  a  refusal  to  open  the  draw,  in  order  to  obtain  a  basis  for  a 
damage  claim.  No  cause  for  such  claim  was  given,  however.  The  time 
required  for  the  work  would  have  been  much  greater  with  such  a 
detour  than  was  the  case  by  the  method  adopted. 

The  cost  of  a  detour  might  have  been  reduced  somewhat  by  omitting 
provision  for  the  use  of  cars  on  the  temporary  bridge,  but  even  with 
this  saving  it  would  have  involved  many  times  the  cost  of  the  method 
adopted.  Such  an  omission  would  have  required  a  transfer  of  trolley 
passengers  and  necessitated  their  walking  about  i  mile. 

Although  the  success  of  the  method  was  never  doubted  by  the  author, 
he  realized  that  some  individual  might  be  criminally  careless  and 
neglect  his  plain  duty,  or  that  the  seriousness  of  some  otherwise  minor 
accident  might  have  been  increased  because  of  the  reconstruction  work. 
There  was  therefor  a  feeling  of  relief  when  the  work  was  safely  com- 
pleted, also  intensified  by  the  fact  that  an  eminent  engineer  had 
expressed  a  fear  that  "the  bridge  would  be  dropped  into  the  river  before 
the  task  was  finished". 

Hearty  appreciation  is  felt  for  the  constant  interest  shown  by  James 
L.  Parker,  the  author's  principal  assistant,  and  Guy  Pinner,  his  detail 
designer  and  resident  engineer  during  construction,  Assoc.  Members 
Am.  Soc.  C.  E.,  for  their  careful  study  of  the  problems  involved;  also 
to  the  United  Construction  Company,  the  contractor,  and  to  Charles 
Sones,  their  faithful  and  careful  foreman,  and  to  each  of  his  men  for 
their  helpful  attitude,  so  necessary  for  the  successful  prosecution  of  the 
work  without  the  slightest  accident. 
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Discussion* 


By  William  Cain. 


William  Cain,!  M.  Am.  Soc.  C.  E.  (by  letter).:}: — Prof.  Swain  pub-  Mr. 
listed  in  the  Journal  of  the  Franklin  Institute,  for  February,  March, 
and  April,  1883,  a  paper  "On  the  Application  of  the  Principle  of 
Virtual  Velocities  to  the  Determination  of  the  Deflection  and  Stresses 
of  Frames",  the  method  being  based  principally  upon  the  investigations 
of  Mohr  and  Winkler.  It  is  interesting  to  note  that  the  author  has 
taken  up  the  subject  again  after  36  years,  and  has  applied  the  method 
to  finding  the  rotation  of  a  section  of  a  beam  or  truss,  under  given 
loading;  eventually  applying  the  results  to  deducing  the  "Theorem  of 
Three  Moments"  and  in  making  other  interesting  applications.  The 
formulas  and  their  applications  are  sound  in  theory  and  are  neatly 
and  concisely  presented. 

It  is  true,  as  pointed  out  by  both  Prof.  Church  and  Mr.  Mensch,  that 
Equation  (6)  is  implicitly  contained  in  a  theorem  of  Castigliano,§  but 
the  author  deserves  our  thanks  for  putting  it  in  this  definite,  explicit 
form,  vphere  no  differentiation  is  called  for.  The  method  of  the 
author  does  not  require,  as  in  the  "moment  area"  method,  that  the 
beam  or  frame  should  be  fixed  in  direction  anywhere,  but  it  does  require 
immovable    abutments,    and    that    the    reactions    at    the    abutments, 

*  Discussion  of  the  paper  by  George  F.  Swain,  Past-President,  Am.  Soc.  C.  E., 
continued  from  October-November-December,  1919,  Proceedings. 

t  Chapel  Hill,  N.  C. 

t  Received  by  the  Secretary,  January  21st,  1920. 

§  The  writer  first  had  the  pleasure  of  introducing  Castigliano's  masterly  treatise 
on  "Systemes  Blastiques"  to  the  notice  of  American  engineers  m  a  paper,  published 
in  Transactions,  Am.  Soc.  C.  E.,  Vol.  XXIV,  p.  265,  April,  1891.  In  this  paper  some 
original  demonstrations  of  the  method  of  deflection  and  least  work  were  given,  besides 
a  general  resume  of  Castigliano's  fundamental  theories  and  methods,  with  some 
applications. 
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Mr.  whether  due  to  the  loads  alone,  or  to  the  fictitious  couple,  should  all 
*'"■  be  included  in  the  forces  acting  on  the  structure,  which  is  then 
taken  as  a  free  body,  in  equilibrium  under  the  loads  and  reactions, 
including  any  restraining  couples  acting  at  the  abutments. 

When  these  conditions  are  observed,  the  author's  Equation  (6) 
gives  the  rotation  of  a  section  of  a  beam  or  truss  when  the  summa- 
tion (or  integration)  covers  the  whole  beam  or  all  the  members  of 
the  truss.  Thus,  for  the  simple  beam.  Fig.  2,  subjected  to  a  load  P 
and  a  couple,  whose  moment  is  ilf  =  1,  applied  at  the  right  end,  the 
beam  is  free  under  these  loads  with  their  corresponding  reactions. 
Then,  when  the  integration  covers  the  entire  span.  Equation  (5) 
gives  the  rotation  (in  radians)  of  a  vertical  section  where  the  couple 
is  applied.  It  would  be  erroneous  to  apply  the  method  to  only  a  part 
of  the  truss,  for  reasons  given  later. 

By  Castigliano's  method,  where  an  actual  force  at  the  point,  acting 
in  the  required  direction,  (or  an  actual  couple  at  the  desired  section), 
is  not  available,  an  arbitrary  force  (or  couple)  is  applied  at  the  point 
(or  section),  which  is  eventually  taken  equal  to  zero;  then,  the  partial 
derivative  of  the  internal  work  of  the  structure  with  respect  to  the 
force  gives  the  deflection,  at  that  point,  in  the  direction  of  the  force, 
and  the  partial  derivative  of  the  internal  work  with  respect  to  the 
moment  of  the  couple,  supposed  applied  at  a  section,  will  give  the 
rotation  of  that  section. 

Thus,  in  the  case  of  arches  subjected  to  vertical  or  inclined  loads, 
there  are  introduced  at  a  point  on  the  axis  a  horizontal  force  w,  a 
vertical  force  w',  and  a  couple  of  moment  m;  then,  if  L  is  the  internal 
work  of  the  arch,  expressed  in  terms  of  w,  w' ,  and  m  and  the  given 
loads,  then,  taking  partial  derivatives  and,  in  the  end,  making  w,  w', 
and  m  equal  to  zero. 


dL 
d  10 
dL 
d  w' 
dL 


=:  horizontal  deflection  of  point; 
=  vertical  deflection  of  point; 


=  rotation  of  section  at  point, 
d  m 

all  for  the  actual  loads  only. 

In  the  case  of  a  long  column  subjected  to  an  inclined  load  at  the 

top,  eccentrically  applied,  the  general  solution  is  effected  with  the  use 

of  only  the  two  loads  w  and  w'.     In  other  cases,  only  one  load  or  one 

couple  may  be  used.     To  give  an  illustration  of  Castigliano's  method, 

take  the  case  of  the  simple  beam,  shown  in  the  author's  Fig.  3,  where 

a  load  P  is  applied  at  a  distance  a  from  the  left  abutment  and  an 

arbitrary  couple,  which   is  taken  left-handed,   is  supposed   applied  to 

the  beam  at  the  load,  say  by  means  of  a  bar  bolted  to  the  beam.     If 
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M^  is  the  moment  of  the  couple  applied  at  P,  its  left  reaction  acts  up    Mr. 
M  M  Cain, 

and  equals  —~,  and  its  right  reaction  acts  down  and  also  equals  — -^ 

6  t 

Call  M  the  moment  of  all  forces  from  the  left  abutment  to  a  section 
X  ft.  from  the  left  abutment,  or  x^  ft.  from  the  right  abutment. 

0  <  cc  <  a,  Jf  =  P  — ; —  X  +  M,      :  .-.  = 

'  I  ^    V       clM^        I 

0  <^  x.<  (I—  a),  M=P  -— -^  —  M,  -i;  .-. =  —  -^. 

Now,  neglecting  shear,  the  internal  work  for  the  beam  is  given  by  the 
well  known  formula 

2y„  El 


dx 

0 

whence  the  rotation  of  a  vertical  section  at  the  load  is 


dL  r^    M      dM 

dx. 


_  dL  _     ri    M 

""^  ~  Jm^  ~  Jo   'WT 


dM^ 

On  putting  ilf  ^  =  0  in  the  values  of  M  given  above  and  then  substitut- 

1  1  n   ^r        ^    d  M 

mg  the  values  ot  M  and  -— -r  pertaining  to  the  parts  of   the  beam  to 

the   left   and   right  of   the   load   and   integrating   between   the   limits 

X  =  0  and  ic  =  a  for  the  left  part,  and  between  x^  ^=.  0  and  x^^=  (I  —  a) 

for  the  right  part,  we  are  conducted  to  the  integral  given  by  the  author, 

and  thus  to  his  value 

Pa(l  —  a)  (2  a  —  I) 

a,  =  . 

^  SE  II 

As  this  is  negative,  the  rotation  of  a  vertical  section  at  the  load  is  in 
the  opposite  direction  to  that  of  the  couple,  or  clockwise.  Since  the 
influence  of  shear  on  bending  was  neglected,  this  value  of  a^  likewise 
gives  the  slope  of  the  elastic  curve  (in  radians)  at  the  load,  which  is 
thus  downward  to  the  right. 

It  is  seen  that  the  values  of  above  are  the  same  for  any  value 

d  M^  ^ 

of  M^  and  therefore  for  M^  =  1,  in  which  case  the  moments  due  to  this 

couple  of  moment  1  are  exactly  the  values  given  by  the  author,  so  that 

=  M^  as  defined  by  the  author.     In  fact,  this  is  generally  true 

cZJJfj  '^  '  ^  - 

for  all  cases,  since  M  is  always  a  linear  function  of  M^  for  any  struc- 
ture, hence  the  author's  Equation  (5)  is  identical  with  Castigliano's 
formula 

r  M    dM  ^ 

""  =  J  ^J  dW,'^'' 

for  any  beam,  straight  or  curved. 
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Mr.         As  to  the  more  general  formulas  for  A  and  a.  Prof.  Churcli,  in  his 
*"^'°'  discussion,  has  so  thoroughly  pointed  out  the  equivalence  of  the  author's 

and   Castigliano's   formulas,    that   it   seems   superfluous   to   make   any 

further  comment  thereon. 

Where  an  external  couple  acts  at  the  required  section,  it  is  not 

necessary  to  add  the  arbitrary  couple.     Thus,  for  the  beam  supported 

at  the  ends  and  subjected  only  to  a  couple  M^_  at  the  right  end,  Fig.  6, 

we  have 

and  the  rotation  of  a  vertical  section  at  the  right  end  is 
^^    31     (IM   ,  1        r^  M^  x"        M^  I 


_     r^    3f     d  M        __     1        r 


1?  3  E  I 

Since  a  is  positive,  the  rotation  is  in  the  direction  of  that  of  the 
couple,  or  counterclockwise.  The  same  final  result  would  be  obtained 
by  the  use  of  an  arbitrary  couple  at  the  right  end,  but  the  work  is 
slightly  greater. 

Mr.  Mensch,  in  his  comprehensive  discussion,  premises  that  the 
theory,  in  its  most  general  form,  is  based  upon  the  law  that 

external  work  =  internal  work; 
where  "external  work"  includes  that  of  the  loads  and  reactions  (includ- 
ing restraining  couples,  if  any).     It  is  thus  evident  that  the  usual 
formulas  are  only  true  for  immovable  abutments,  where  the  reactions 
do  no  work. 

It  may  be  well  to  add  that  for  a  simple  beam  with  vertical  loads, 
if  the  left  abutment  sinks  e  ft.,  its  vertical  reaction  R  does  the  work 
—  Re.  The  total  sinking  of  any  load,  P,  on  the  beam  with  reference  to 
the  ground,  is  made  up  of  two  parts,  a  part,  A-^,  due  to  the  rotation  of 
the  straight  beam  about  the  right  end,  from  the  sinking  of  the  left 
end  e  ft.;  and  a  second  part,  z/,'  ^^^  *o  ^^^  elastic  deflection,  referred 
to  immovable  abutments.  Thus,  the  "external  work"  in  this  case  is 
—  i?  e  +  2  P  (Jj  +  ^J 

where  the  sum  is  to  be  taken  for  all  the  loads  on  the  beam.  Similarly, 
the  case  where  both  abutments  sink  can  be  dealt  with.  If  both 
abutments  sink  an  equal  amount,  then  the  external  work  is  simply 
equal  to  2  (P  A^). 

If  there  is  a  restraining  left-handed  couple,  whose  moment  is  M^,  at 
the  left  end  of  a  loaded  beam  and  the  vertical  section  thus  turns  a 
radians  to  the  right,  then  it  is  easily  shown  that  the  work  of  the 
couple  is  —  M^  a.  For  gradually  applied  loads,  the  reaction  and 
restraining  couple  will  be  gradually  applied,  so  that  the  "exterior 
work"  will  be  one-half  of  that  given  above,  or 
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which  must  be  equated  to  the  "internal  work";   or,  the  convenient   Mr. 
derived  formulas  of  Mr.  Mensch  may  be  applied.  ^'^'"' 

Simply  to  illustrate  the  application  of  the  general  method,  consider 
again  the  simple  beam  shown  by  the  author's  Fig.  3,  which  carries  a 
single  load  P,  distant  a  feet  from  the  left  abutment.  Then,  for  im- 
movable abutments,  if  //  is  the  deflection  at  the  load  for  a  gradually 

applied  load,  the  exterior  work  is  —  P  '^i  which  equals  the  interior  work 


IP 


2  Jo 

P  M 


dx 


I'P 

~e1 


dx, 


a  well  known  formula. 

Here  to  the  left  of  the  load 


M 


to  the  right  of  the  load 


3f 


^  « 

^T^- 


Therefore 


J  ^ 


EI 


[r^-^^-ry<'-'] 


A  = 


P  o2   {I  _  «)2 


?>EIl 

To  find  a,  the  rotation  of  a  vertical  section  at  the  load,  pass  a 
section  through  the  beam  just  to  the  left  of  P  and  supply  forces  at 
the  section  equivalent  to  the  action  of  the  part  of  the  beam  to  the  right 
of  the  section  on  the  part  to  the  left,  viz.:  a  left-handed  couple  whose 


moment  is  P 


a  {I 


a)  I 

— ,  and  a  downward  acting  force,  P  — 


,  Fig.  40. 


Fig.  40 


This  latter  force,  with  the  left  reaction,  forms  a  couple  of  moment 
equal  to  that  at  the  cut  section ;  hence  the  system  is  one  in  equilibrium, 
and  the  exterior  work  equals  the  internal  work,  or 


I 


'^V^'^)"-l    El 


dx. 
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Mr.    Substituting  the  value  of  ^,  derived  above,  writing 

Cain. 

M  =  P——X 

and,  after  effecting  the  integration,  dividing  through  by  P  a  — - —  and 

solving  for  a,  there  is  obtained 

P  a  (I  — a)  (2  a  — I) 

<^  =  zz 

3EII 

exactly  as  given  by  the  author. 

Since  2  a  <  I,  a  is  negative;  hence  the  vertical  section  under  the 
load  rotates  a  radians  in  an  opposite  direction  to  that  of  the  couple 
there,  or  to  the  right. 

This,  of  course,  is  not  the  shortest  solution  of  this  problem,  but 
it  is  given  to  illustrate  principles  and  incidentally  to  show  that  the 
oidinary  formulas  for  beams  with  immovable  abutments  do  not  apply 
to  the  segment  of  the  beams,  with  its  loads  and  reactions,  as  given 
in  Fig.  40.  They  do  apply,  however,  to  one  half  of  the  beam,  when 
the  load  is  at  the  center,  to  find  the  rotation  of  a  vertical  section  at 
the  abutment;  for  the  half -beam  is  in  the  condition  of  a  cantilever 
fijxed  at  one  end,  with  a  horizontal  tangent  to  the  elastic  curve,  and 
loaded  with  P,  at  the  abutment,  acting  upward,  so  that  the  solution, 
as  in  the  case  of  th.e  author's  Case  I,  is  quickly  effected. 

The  writer,  in  conclusion,  desires  to  express  his  great  pleasure  in 
reading  the  author's  stimulating  paper,  which  presents  the  subject  so 
concisely  and,  at  the  same  time,  so  cleanly. 
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CONTRACTS— A  COMPARISON  OF  "COST  PLUS" 
WITH  OTHER  FORMS 

Discussion* 


By  IIessrs.  Willia^m  E.  Woolley,  K  D.  L.  French,  and  J.  W.  Ledoux. 


William  E.  Woolley,!  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter).:}: — On     Mr. 
reading  Mr.  Wilder  Clarke's  paper,  one  concludes  that  he  is  an  advocate     °°  ^^' 
of  the  ''cost  i^lus"  system.     The  writer,  however,  cannot  conceive  the 
idea  that  the  system  will  ever  come  into  general  use. 

An  owner  who  intends  to  build  naturally  desires  to  know  what  he 
will  have  to  pay,  and  when  he  may  expect  the  work  to  be  completed. 
One  can  say,  in  fact,  that  the  first  question  asked  is,  "How  much  will 
the  job  cost?"  How  is  the  engineer  to  answer  when  the  "cost 
plus"  system  is  to  be  adopted?  Under  the  older  forms  of  contract, 
engineers  and  architects  have  been  able  in  the  past  to  answer  these 
two  questions  fairly  accurately,  but  now,  owing  to  the  constantly 
increasing  cost  of  materials  and  labor,  and  the  unsettled  state  of  the 
labor  market,  we  have  made  use  of  the  "cost  plus"  system,  under  which 
many  million  pounds'  worth  of  work  has  been  carried  out  on  this 
side  of  the  water  during  the  war. 

In  the  opinion  of  the  writer,  we  should  regard  it  as  a  war  emergency 
only.  Under  the  "cost  plus"  system,  or,  as  it  is  known  here,  the  "prime 
cost  plus  profit"  system,  it  is  impossible  to  avoid  decreased  effort. 
There  is  no  inducement  to  be  economical  or  industrious.  The  writer 
holds    that   fair   competition    is    a   good   thing.      By    competition   the 

*  Discussion   of  the  paper  by  Ernest  Wilder  Clarke,  M.  Am.   Soc.  C.   E.,  con- 
tinued  from   October-November-December,    1919,   Proceedings. 
t  London,  England. 
t  Received  by  the  Secretary,  February  tJd,  1920. 
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Mr.  general  level  of  effort  is  raised.  One  has  only  to  think  of  the  field  of 
■  sports  to  arrive  at  this  conclusion.  The  system  is  likely  to  have  a 
disastrous  effect  on  labor,  there  is  no  scope  for  tact  in  the  management 
of  men,  there  is  constant  interference  and  inspection  on  behalf  of  the 
owner,  and  there  is  no  incentive  to  seize  favorable  opportunities  of 
buying  materials. 

At  the  same  time  the  writer  admits  that  it  is  hardly  to  be  expected 
contractors  generally  will  take  risks  to  the  extent  they  have  in  the 
past.  While  we  have  the  present  unsettled  conditions,  and  with 
charges  all  the  while  increasing,  there  should  be  appropriate  clauses 
inserted  in  the  contract  allowing  for  variation  in  the  contract  price 
to  meet  the  increased  cost  of  materials  and  advances  in  wages.  I 
cannot  believe  that  the  cost  plus  system  will  ever  be  extensively 
adopted  either  in  this  country  or  America  under  normal  industrial 
conditions. 

Mr.  R  D.  L.  French,*  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). f— I  have 

'  been  much  interested  in  the  discussion  of  Mr.  E.  W.  Clarke's  paper  on 
Contracts. 

One  of  the  prominent  construction  firms  in  this  city  has  been  em- 
ploying the  "cost  plus  percentage"  contract  with  a  rebate  to  the  owner 
on  the  actual  cost  of  the  work.  The  following  illustrations  will  make 
its  mode  of  operations  clear. 

1.  Actual  Cost  Exceeds  Estimated  Cost: 

Estimated  cost   $100  000 

Estimated  commission,  20%  of  estimated  cost 20,000 

Actual  cost   110  000 

Rebate,  10%  of  actual  cost 11  000 

Commission  earned,  $20  000  —  $11  000 9  000 

Total  cost  to  owner,  $110  000  —  $11  000  +  $9  000 108  000 

2.  Actual  Cost  Less  Than  Estimated  Cost: 

Estimated  cost   $100  000 

Estimated  commission,  20%  of  estimated  cost 20  000 

Actual  cost   92  000 

Eebate,  10%  of  actual  cost 9  200 

Commission  earned,   $20  000  —  $9  200 10  SOO 

Total  cost  to  owner,  $92  000  —  $9  200  +  $10  800 93  600 

I  am  informed  that  this  contract  has  given  satisfaction  in  the  few 
cases  it  has  been  used,  and  it  appears  to  do  away  with  one  of  the 
objections  to  the  straight  "cost  plus  percentage"  form,  in  that  the  con- 
tractor has  some  incentive  to  keep  the  cost  of  the  work  down. 

*  Montreal,  Que. 

t  Received  by  the  Secretary,  January  13th,  1920. 
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•  J.  W.  Lf.I)0(  X,*  M.  Am.  Soc.  C.  E.  (by  letter).+— Mr.  Clarke  has  Mr. 
pro.scnted  exhau.stivoly  the  merits  of  the  "co.st  plu.s"  system  of  lettiiif? 
contracts.  Under  ideal  conditions,  where  the  contractor  and  his  force 
are  actuated  by  fairness  and  honesty,  the  system  is  undoubtedly  equi- 
table to  both  the  contractor  and  the  owner,  but  there  is  enough  evidence 
in  the  administration  of  recent  contracts,  especially  in  most  of  those 
carried  out  during  and  continuing  after  the  War,  to  prove  that  the 
.system  is  capable  of  the  greatest  inju.stice  to  the  owner,  and  profiteering. 
Even  where  the  contractor  himself  may  desire  to  be  fair  to  his  prin- 
cipal, the  very  fact  that  it  is  to  his  advantage  to  have  the  work  extend 
over  a  long  period  and  cost  more  than  the  estimate,  permeates  the 
entire  organization  from  the  superintendents  to  the  lowest  paid 
laborers.  It  takes  away  all  the  responsibility  and  the  impetus  for 
despatch  and  economical  construction. 

The  writer  ventures  to  say  that  many  of  the  most  important  projects 
carried  out  on  this  system  might  have  been  done  for  one-third  or  one- 
half  the  cost  under  a  system  that  would  have  been  to  the  interest  of  the 
contractor  to  finish  the  work  in  the  shortest  time  and  at  the  lowest  cost, 
which  is  the  ideal  system.  Xo  one  has  been  able  to  devise  a  form  of 
contract  that  will  realize  this  ideal. 

Therefore,  any  system  that  is  recommended  must  be  defective  in 
some  part. 

The  usual  contracting  .systems  are:  The  ''Lump  Sum",  the  "Unit 
Price",  the  '"Cost  Plus  a  Percentage",  and  the  "Cost  Plus  a  Fixed 
Sum".  Some  projects  lend  themselves  to  the  lump  sum  bid;  such,  for 
instance,  as  the  construction  of  a  pumping  engine,  a  water  tower  or  a 
light  house,  where  there  may  be  no  subsequent  necessity  for  deviating 
from  the  original  plans.  The  lump  .sum  bid  is  not  well  suited  to  the 
construction  of  a  dam  or  reservoir  or  any  structure  where  the  quantities 
are  likely  to  differ  from  those  shown  in  the  original  plans,  in  which 
cases  the  unit  price  system  is  applicable.  Both  of  these  systems,  how- 
ever, give  the  owner  the  advantage  and  impose  upon  the  contractor 
serious  ri-sks.  If  the  work  be  let  to  the  loAvest  bidder  he  must  often 
compete  against  unduly  low  bids.  If  he  gets  the  work  he  takes  all  risk 
of  unfavorable  conditions,  while  the  owner  takes  only  the  risk  of  in- 
creased quantities.  In  the  percentage  and  cost  plus  methods  there  is 
a  premium  on  inefficiency  and  profiteering,  and  the  advantages  lie 
wholly  with  the  contractor,  who  takes  no  risk  whatever. 

Engineers  have  tried  to  overcome  these  difficulties  without  imposing 
injustice  on  the  contractor.  Probably  one  of  the  best  methods  is  to 
invite  bids  on  a  unit  price  basis,  with  the  proviso  that  the  most  accept- 
able bidder  is  to  be  willing  to  take  the  work  as  an  alternate  on  a  fixed 

•  Philadelphia,  Pa. 

t  Received  by  the  Secretary,  February  5th,  1920. 


342  DISCUSSION :  contracts  :  "cost  plus"  and  other  forms  [Papers. 

Mr.  profit  basis.  Then  the  owner,  through  his  engineer,  may  call  in  the 
Ledoux.  r,(iceptable  bidder  and  decide  on  the  amount  of  profit  he  is  willing  to 
pay,  regardless  of  the  cost;  the  work  is  done  on  a  cost  basis  plus  the 
fixed  profit,  and  the  contractor  is  permitted  to  participate  in  the  saving 
in  cost  to  the  extent  of  25  to  50  per  cent.  This  bonus  will  be  sufficient 
to  induce  the  contractor  to  expedite  the  work  as  much  as  possible  and 
it  will  be  to  the  interest  of  every  one  connected  with  the  construction 
to  do  the  work  at  the  lowest  price  and  in  the  shortest  time.  This 
method  may  appear  difficult  of  application,  but  the  difficulties  are  more 
apparent  than  real.  A  complete  understanding  must  be  had  with  the 
contractor  as  to  whether,  and  how,  overhead  charges  and  plant  rental 
are  to  be  included  in  cost. 

Another  method  of  overcoming  the  difficulty  is  to  select  a  con- 
tractor who  has  established  a  reputation  for  economical  construction 
on  the  "cost  plus"  basis,  but  this  method  is  manifestly  unfair  to  many 
deserving  contractors  whose  reputations  are  not  so  well  known. 

In  any  case,  the  interests  of  the  owner  in  regard  to  quality  of  work 
can  be  safeguarded  only  by  honest  and  capable  engineering  supervision. 
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THE  PRODUCTION  OF  TOLUOL  FROM  GAS  PLANTS 

Discussion* 


By  a.  C.  Klein  and  Horace  C.  Porter. 


A.  C.  KLEiNf  (by  letter).:}: — In  addition  to  the  experience  in  reduc-    Mr. 
ing  the  candle-power  of  New  York  City  gas,  the  Ordnance  Department,  ^^^'°- 
in  its  operation  of  the  Government  toluol  plants,  was  confronted  with 
similar  problems  in  the  cities  of  Minneapolis  and  Detroit. 

In  Detroit,  the  Gas  Company  was  required  to  deliver  gas  of  20 
candle-power  and  GOO  B.t.u.  Late  in  1917,  representatives  of  the 
Ordnance  Department  requested  the  authorities  to  reduce  the  candle- 
power,  so  as  to  permit  the  recovery  of  toluol  at  two  plants,  as  contem- 
plated. The  City  Council  adopted  a  resolution  reducing  the  standard 
to  12  candle-power  and  600  B.t.u.  during  the  operation  of  the  toluol 
plant.  The  heating  value  standard  was  later  reduced  to  570  B.t.u.,  and 
although  these  standards  were  maintained  until  after  the  armistice, 
no  record  of  any  complaints  was  brought  to  the  attention  of  the  Ord- 
nance Department,  which  was  in  constant  touch  with  the  plant  opera- 
tion, and  particularly  on  the  lookout  for  dissatisfied  gas  consumers. 

The  gas  standard  in  Minneapolis,  prior  to  the  war,  was  16  candle- 
power  and  600  B.t.u.  After  negotiations  for  the  operation  of  a  toluol 
l^lant  had  been  completed,  the  City  Council  was  requested  to  reduce 
the  standard  to  10  candle-power,  so  as  to  permit  the  operation  of  the 
plant  without  the  use  of  additional  gas  oil.  The  Commission  acceded 
to  this  request,  and  later  further  reduced  the  standard  to  10  candle- 
power  and  570  B.t.u.,  at  which  it  remained  until  the  toluol  plant  was 
shut  down  by  the  Ordnance  Department.    As  in  New  York  and  Detroit, 

*  Discussion  of  the  paper  by  Myron  S.  Falk,  published  in  the  October-November- 
December,  1919,  Proceedings. 
t  Philadelphia,  Pa. 
t  Received  by  the  Secretary,  January  30th,  1920. 
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Mr.  no  complaints  of  poor  gas  service  had  come  to  the  attention  of  the 
^'°'  Government  Inspectors. 

To  the  casual  reader  of  Mr.  Falk's  paper,  it  would  appear  that  the 
Ordnance  Department  occupied  an  anomalous  position  in  requesting 
a  reduction  in  gas  standards  on  the  one  hand,  and  in  opposing  a  reduc- 
tion on  the  other.  There  was,  however,  nothing  inconsistent  in  its 
attitude.  Its  only  concern  was  to  obtain  the  maximum  amount  of 
toluol,  so  that  the  T.  N.  T.  plants  might  be  kept  operating  at  100% 
capacity.  Therefore,  whenever  a  lower  gas  standard  was  necessary  to 
permit  toluol  to  be  extracted,  the  Ordnance  Department  advocated  a 
lower  standard;  when  a  lower  standard  would  result  in  curtailing  the 
toluol  production  (as  would  have  been  the  case  had  the  528  B.t.u.  order 
been  put  in  force),  the  Ordnance  Department  opposed  such  a  reduction. 

This  narrative  of  the  action  of  the  Ordnance  Department  in  bring- 
ing about  a  material  reduction  in  candle-power  of  the  gas  delivered  in 
several  of  our  largest  cities,  and  its  failure  to  affect  adversely  the 
interests  of  the  gas  consumers  of  those  cities  will  be  of  great  interest 
to  the  gas  industry. 

For  many  years  gas  engineers  have  advocated  that  all  candle- 
power  standards  be  discarded,  so  that  they  might  be  enabled  to  take 
advantage  of  economical  methods  of  gas  manufacture  and  distribution, 
which  they  are  unable  to  use  when  obliged  to  conform  with  high  candle- 
power  standards.  Practically  all  regulatory  bodies  have  recognized  the 
soundness  of  this  stand,  and  have  substituted  heating-value  standards, 
setting  them  low  enough  to  encourage  the  utilization  of  gas  from  by- 
product coke  plants.  However,  our  largest  cities  have  been  the  ones 
to  cling  to  the  obsolete  candle-power  standard,  claiming  that  a  con- 
siderable number  of  gas  users  are  dependent  upon  open  flame  lighting, 
and  would  suffer  by  a  reduction  in  candle-power. 

The  experience  in  New  York  City,  where  the  candle-power  was 
dropped  from  22  to  10,  or  55%,  without  complaint  from  consumers, 
shows  that  there  is  no  longer  any  good  reason  for  retaining  a  candle- 
power  standard.  Standards  of  any  kind  are  intended  to  serve  the 
purpose  of  insuring  to  the  purchaser  a  uniform  quality  of  product,  which 
quality  should  be  as  high  as  possible  consistent  with  its  price.  In 
cases  such  as  that  of  a  public  utility,  where  the  price  paid  by  the  con- 
sumer is  determined  by  representatives  of  the  commonwealth,  the  fair 
price  necessarily  bears  a  direct  ratio  to  the  cost  of  production,  and 
public  interest,  therefore,  demands  that  the  standards  should  be  such 
as  to  keep  this  cost  of  production  as  low  as  possible.  The  candle-power 
standard  does  not  meet  this  test,  and  it  should,  therefore,  be  discarded. 

In  considering  the  question  of  gas  standards,  regulatory  bodies 
should  have  broad  enough  vision  to  see  the  future  sources  of  gas  supply. 

Our  requirements  for  smokeless  fuel  are  increasing  at  a  very  rapid 
rate,  while  the  production  of  anthracite  is  increasing  little,  or  none. 
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The  shortage  can  be  made  up  by  the  use  of  coke  for  domestic  purposes.  Mr. 
Coke  is  today  a  formidable  competitor  of  anthracite,  and  the  extension  '''°' 
of  its  use  will  tend  to  keep  anthracite  prices  down.  The  manufacture 
of  coke  in  modern  oven  or  retort  plants  yields  a  by-product  gas,  which 
is  in  every  way  satisfactory  for  domestic  cooking,  heating  and  lighting, 
although  it  cannot  be  manufactured  to  meet  a  high  candle-power 
standard.  Today,  more  than  a  score  of  large  cities,  including  St.  Louis, 
Boston,  Baltimore,  Newark,  Jersey  City,  Indianapolis,  St.  Paul,  Hart- 
ford, Providence,  Rochester,  etc.,  are  being  supplied  wholly  or  in  part 
by  such  gas.  None  of  the  cities  mentioned  has  a  candle-power  standard. 
The  authorities  who  are  charged  with  the  responsibility  for  pro- 
tecting the  interests  of  the  public  served  by  public  utilities,  and  who 
have  not  yet  recognized  the  wastefulness  of  the  candle-power  standard, 
should  give  full  weight  to  the  points  brought  out  in  Mr.  Talk's  paper, 
and  should  set  standards  of  gas  quality  that  will  encourage  the  con- 
struction of  large  coal-gas  plants.  By  so  doing,  they  will  be  instru- 
mental in  creating  a  source  of  economical  gas,  as  well  as  a  source  of 
smokeless  fuel,  which  will  act  as  a  check  upon  the  rapidly  mounting 
prices  of  anthracite  fuel. 

Horace  C.  Porter,*  (by  letter). f — The  paper  is  particularly  illumi-  Mr. 
nating  on  the  relationship  of  toluol  production  during  the  War  to 
required  standards  for  city  gas.  The  author  is  to  be  congratulated  on 
his  clear  and  forceful  presentation  of  the  facts  bearing  upon  the  treat- 
ment of  this  question  by  the  War  Department  and  the  Fuel  Adminis- 
tration during  the  war. 

Attention  may  be  called  to  an  additional  item,  not  mentioned  by 
the  author,  in  the  increase  of  toluol  production  accomplished  by  the 
Ordnance  Department.  The  coke  ovens  which  at  the  beginning  of  the 
"war  produced  85%  of  the  toluol  supply  were  assisted  in  obtaining  coal 
of  good  quality,  and  in  raising  their  yield  of  toluol  per  ton.  An 
increase  of  over  10%  was  thus  obtained  in  their  production,  and  four 
times  that  increase  would  have  been  possible  with  intensive  effort  and 
due  co-operation  on  the  part  of  all  governmental  agencies  concerned. 

The  average  production  of  toluol  per  ton  of  coal  by  coke  oven  plants 
throughout  the  country  was  at  the  beginning  of  the  war  about  0.28  gal. 
During  the  year  1918,  up  to  November  1st,  10  plants  (out  of  a  total 
of  35)  averaged  0.44  gal.  per  ton  of  coal.  The  highest  was  0.56  gal. 
With  a  coal  mixture  of  reasonably  high  percentage  of  volatile  matter 
(having  regard  for  necessary  coke  output)  and  with  reasonably  prac- 
tical changes  in  operating  conditions,  the  average  yield  of  toluol  from 
coke  ovens  throughout  the  country  could  have  been  increased  to  0.40 
gal.  per  ton,  or  by  40  per  cent. 

♦West  Conshohocken,  Pa. 

fReceived  by  the  Secretary,  February  10th,  1920. 
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Mr.  In  December,  1917,  the  Fuel  Administration  was  urgently  requested 

Porter.  ^^  ^^^  Ordnance  Department  to  take  steps  toward  preventing  the 
diversion  of  high-volatile  coal  from  coke  oven  plants,  and  to  insure  to 
these  plants  a  full  coal  supply  so  as  to  maintain  toluol  and  ammonia 
production.  Belated  steps  were  taken  in  this  direction,  but  the  results 
were  not  in  evidence  for  several  months. 

The  development  of  toluol  supply  from  city  gas  plants  was  resorted 
to  in  the  early  days  of  the  war  because  it  would  relieve  the  situation 
quickly.  The  old  saying  reminds  us  that  '^hindsight  is  better  than  fore- 
sight", but  as  we  look  back  in  the  light  of  later  experience  it  appears 
unquestionably  true  that  the  utilization  of  existing  coke  oven  capacity 
for  toluol  production  at  the  highest  possible  efficiency  and  with  fullest 
possible  coal  supply  of  highest  percentage  volatile  matter  would  have 
yielded  a  large  increase  in  toluol  in  a  short  time,  and  would  have, 
rendered  unnecessary  some  of  the  more  expensive  of  the  Government 
installations  at  gas  works.  Coke  oven  plants  under  construction  at  the 
beginning  of  the  war  could  also  have  been  hurried  to  completion  and 
their  toluol  production  made  available  earlier. 

Coke  oven  plants  and  their  benzol-toluol  recovery  equipment  have 
a  good  post-war  value,  while  city  gas  stripping  plants  have  little  or 
none.     Conservation  is  promoted  by  the  former,  disturbed  by  the  latter. 

Had  the  Fuel  Administration  not  failed  to  provide  the  coke  ovens 
with  the  necessary  coal  for  full  toluol  production  in  the  early  stages 
of  the  war,  there  would  have  been  better  ground  for  their  subsequent 
plea  for  oil  conservation  at  gas  plants  through  the  528  B.t.u.  standard 
and  consequent  toluol  reduction. 
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Discussion* 


By  Clarence  S.  Jarvis. 


Clarence  S.  jARvis.f  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter).:}: — Due    Mr. 


to  the  deterring-  influence  that  will  be  exerted  on  meritorious  irrigation 
projects  now  under  way  or  about  to  be  undertaken,  as  well  as  to  the 
discouraging  eilect  on  the  stockholders  of  existing  systems  pending  a 
satisfactory  solution  for  each  enterprise  where  the  silt  problem  is  a 
serious  menace,  the  subject  dealt  with  in  this  paper  has  increased  in 
immediate  importance  with  the  publishing  of  such  conclusive  data  as 
are  furnished  by  the  author.  The  unfortunate  condition  that  obtains 
concerning  the  relative  aridity  and  the  silt-bearing  power  of  the  streams, 
the  greatest  erosion  usually  taking  place  during  the  torrential  run-off 
from  the  barren,  parched  slopes  at  the  time  of  those  occasional  fitful 
downpours  or  "cloudbursts"  indigenous  to  the  Southwestern  States, 
producing  temporary  rivers  in  the  desert  for  a  few  hours,  serves  to 
increase  the  difiiculty ;  for  where  it  is  most  important  to  conserve  the 
entire  flood  run-off  and  to  maintain  the  maximum  depth  of  storage  to 
reduce  evaporation,  the  introduction  of  vast  quantities  of  sediment  not 
only  reduces  the  available  storage  capacity,  but  also  increases  the 
relative  loss  from  evaporation,  due  to  the  increasing  shallowness. 

Factors  that  will  enter  into  the  solution  or  discussion  of  the  problem, 
such  as  the  relative  quantities  of  water  to  be  stored  compared  with  the 
quantities  passing  the  dam  site,  the  gradient  of  the  drainage  and  irriga- 
tion channels,  the  character  of  the  sediment,  the  accessibility  of  the 
reservoir  site  for  the  delivery  of  construction  materials  and  equipment, 
the  limiting  heights  for  the  future  storage,  and  the  productivity  of 
the  land  served  with  water  under  the  various  irrigation  systems,  will 
vary  so  widely  as  to  require  an  independent  solution  for  each  case. 

*  Discussion  of  ttie  paper  by  H.  F.  Robinson,  Assoc.  M.  Am.  Soc.  C.  E.,  continued 
from  October— November— December,  1919,  Proceedings. 
t  Capt.,  Engrs.,  U.  S.  A.,  Benicia,  Cal. 
t  Received  by  the  Secretary,  January  23d,  1920. 
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Mr.  Apparent  and  Acfual   Capacities. — It   is  well   established   that   the 

Jarvis.        .       1       •   T  1      ,•  .  1  ,       .  .     , 

actual  yield  oi  a  reservoir  may  be  grertly  in  excess  o±  the  apparent 

capacity,  due  to  the  hiteral  extension  of  the  stored  water  into  the  loose 

talus  slopes  so  common  to  mountain  valleys,  or  in  some  cases  to  the 

lateral  infiltration  into  great  depths  of  permeable  soil.     Inspection  of 

the   recently   uncovered   slopes   of  a   receding   reservoir   will   disclose 

numerous  seeps  and  springs  yielding  the  water  from  the  underground 

reservoir,   which   represents   the   ditference  between   the  apparent  and 

actual  capacities.    The  writer  has  observed  that,  in  the  case  of  numerous 

glacial  moraines  on  the  borders  of  mountain  lakes  being  converted  into 

reservoirs,  the  excess  storage  capacity  thus  obtained  in  basins  ranging 

from  a  few  acres  to  more  than  a  hundred  acres  amounted  to  fi'om  5  to 

20%  of  the  apparent  capacity.     Also,  the  apparent  capacity  of  a  river 

valley  filled  with  rock  detritus  and  sediment  is  practically  nothing;  yet 

the  wonderful  success  of  submerged  dams  for  the  purpose  of  bringing 

the  underflow  from  such  river  deposits  to  the  surface,  proves  that  the 

safest  and  best  reservoir  sites,   unaflFected  by  the  usual   evaporation 

losses,   are   in  the  voids   of  sedimentary   deposits.     Perennial   springs 

issuing  from   nearly   horizontally  stratified  rock,   or   even   from   talus 

slopes  on  mountain  sides,  are  occasionally  successfully  retained  during 

the  non-irrigation  period,  with  a  resultant  increased  flow  when  released. 

While  the  percentages  of  voids  in  sedimentary  deposits  may  vary 
from  40%  for  clean  gravel  and  sand  to  20%  for  fine  silt,  and  in  extreme 
cases  the  range  may  bo  outside  of  these  limits,  the  actual  yield  for 
stream  flow  may  amount  to  nearly  40%  in  the  case  of  coarse  material, 
and  to  practically  nothing  in  the  case  of  fine  silt.  In  the  latter  case, 
the  main  losses  of  moisture  are  by  surface  evaporation,  which  is  ren- 
dered continuous  through  capillary  attraction  until  all  of  the  excess 
or  free  moisture  is  removed  from  the  sediment:  while  the  seejiage  is 
so  slight  as  to  be  lost  by  evaporation. 

It  is  evident  that  a  reservoir  completely  filled  with  clean  coarse 
sand  and  gravel  might  retain  from  30  to  40%  of  the  original  volume 
for  effective  storage,  while  the  same  basin  filled  with  fine  silt,  or  with 
coarse  sediment  mixed  with  enough  fine  silt  to  produce  the  maximum 
density,  would  retain  possibly  15%  of  voids,  but  might  yield  less  than 
5%  of  the  original  volume  of  storage. 

Removal  of  Sediment. — The  ordinary  methods  of  excavation  with 
standard  equipment,  at  several  reservoir  sites  where  the  writer  has 
been  engaged  as  engineer,  have  resulted  in  an  average  cost  varying 
from  $1.00  to  $0.10  per  cubic  yard  of  earth  in  large  deposits.  Using 
the  lower  unit  price,  the  cost  of  removing  1  acre-ft.  of  sediment,  approx- 
imately 1  600  cu.  yd.,  would  be  $160,  which  could  not  be  justified  under 
current  irrigation  practice.  The  original  cost  per  acre-foot  of  storage 
capacity  in  successful  irrigation  projects  may  run  as  high  as  $50,  or 
as  low  as  $2 ;  with  the  rise  in  values  of  property  in  irrigation  districts 
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and  with  the  reduction  of  maintenance  expense  on  the  canal  systems,     Mr. 
larj?er  annual  appropriations  may  be  diverted  each  year  for  the  recovery 
and  maintenance  of  storage  capacity,  but  a  low  unit  cost  for  handling 
the  material  is  imperative. 

Apparently  the  only  method  that  may  be  used  successfully  for  this 
purpose  is  some  adaptation  of  hydraulic  sluicing.  The  cost  of  pumping 
1  acre-ft.  of  water  against  100-ft.  head,  with  jxiwer  delivered  at  1  cent 
per  kw.-hr.,  and  an  efficiency  over-all  of  only  .50%  is  slightly  less  than 
$2  for  power.  If  the  water  carries  a  burden  of  fine  sedimeixt  amount- 
ing to  15%  by  weight  or  10%  by  volume,  then  the  power  charge  for 
such  pumping  will  amount  to  approximately  $20  per  acre- foot  of  dry 
sediment.  It  is  not  unusual  for  the  plant  and  operation  charge  to 
equal  the  power  charge;  therefore,  under  such  condition.s,  the  cost 
Tper  acre-foot  of  sediment  removed  would  be  $40.  Fortunately,  the 
sediment  is  seldom  required  to  be  elevated  as  much  as  100  ft.;  it  is 
usually  sluiced  out  by  way  of  the  lowest  channel,  and  the  percentage 
of  sediment  carried  need  not  be  limited  to  10%  by  volume  if  appro- 
priate grades  and  equipment  are  used. 

Consider  now  the  type  of  reservoir  oidinarily  provided  in  the  chan- 
nel of  a  stream.  For  this  case,  asstime  an  elongated  site  with  a  steep 
gradient  in  the  channel,  a  high  dam,  and  a  stream  run-ofF  two  or  three 
times  the  original  volume  of  the  stoiage.  Proi)er  manipulation  of  the 
outlet  gates,  which  should  be  of  ample  dimensions,  together  with 
judicious  use  of  hydraulic  pimips  and  jets  from  hydraulic  giants 
mounted  on  a  barge  for  use  around  the  edges  of  the  reservoir  during 
the  irrigation  season  and  especially  while  the  surface  of  the  water  is 
receding,  reducing  the  larger  deposits  of  silt  and  maintaining  a  turbid 
outflow,  could  be  so  adjusted  as  to  keep  pace  with  and  correct  the  silting 
process.  The  alluvial  silt  thus  distributed  upon  the  irrigated  land 
would  be  of  immense  value  as  a  fertilizer;  the  canal  system  would  have 
less  percolation  losses,  and  there  would  be  less  likelihood  of  the  canal 
breaking  than  where  clear  water  is  used. 

Under  some  conditions  the  plan  suggested  by  Mr.  "W.  W.  FoUett  for 
combating  the  sedimentation  menace  at  the  Elephant  Butte  Reservoir 
might  be  advisable.  This  consisted  of  a  conduit  constructed  in  the 
bed  of  the  reservoir  and  connecting  the  outlet  with  the  Narrows  about 
midway  along  the  axis  of  the  basin.  This  conduit  would  convey  the 
sediment  from  the  ui>-stream  iwrtion  of  the  site  to  the  outlet  without 
allowing  it  to  be  deposited  within  the  down-stream  iwrtion  at  any 
time.  The  up-stream  area  would  therefore  be  an  effective  silt  i)ocket 
for  the  main  storage  basin,  and  insure  the  delivery  of  turbid  water  for 
irrigation  purposes.  With  such  a  conduit  constructed  through  a  reser- 
voir site  and  provided  with  standpipe  connections  at  intervals,  the 
practical  plan  suggested  by  J.  H.  Quinton,  M.  Am.  Soc.  C.  E.,  as  Con- 
sulting  Engineer  for  the  Zuni  Reservoir  project,   as  related  at  the 
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Mr.  conclusion  of  the  paper,  the  desilting  of  a  reservoir  site  would  be 
Jarvis.  economically  and  effectively  accomplished,  under  ordinary  conditions. 

The  type  of  reservoir  that  has  no  waste  outflow  lacks  the  advantage 
of  the  channel  sluicing;  but  in  other  essentials  the  problem  is  similar 
to  that  above  described. 

The  preferable  way  to  prevent  excessive  sedimentation  is  to  reduce 
erosion;  but  this  method  certainly  has  its  limitations.  There  is  no 
doubt  that  the  habits  of  some  streams  could  be  modified  in  this  par- 
ticular by  planting  suitable  trees,  willows,  shrubs,  and  other  vegetation, 
and  protecting  the  banks  against  lateral  erosion  by  barriers  and  deflect- 
ing structures  wisely  placed;  and  the  value  of  the  timber  thus  grown 
in  the  unforested  regions  would  go  a  long  way  toward  compensation 
for  such  improvements.  The  natural  processes  of  erosion,  however, 
will  continue  to  some  extent;  and  wherever  reservoirs  occupy  the 
stream  channel  the  burden  of  sediment  must  either  be  diverted,  car- 
ried through  by  some  natural  or  artificial  sluicing,  or  else  the  reduction 
of  storage  capacity  must  be  included  in  the  reckoning. 

Conclusions. — ^The  writer  cannot  concur  in  the  view  expressed  by 
Elwood  Mead,  M.  Am.  Soc.  C.  E.,  in  his  discussion*  of  this  paper,  to 
the  effect  that  the  desert  places  should  have  remained  barren  until  some 
feasible  plan  of  desilting  was  worked  out.  If  the  future  of  the  irriga- 
tion projects  now  most  seriously  beset  with  trouble  from  sediment  should 
necessarily  include  abandonment,  then  the  views  so  clearly  expressed  by 
Mr.  Mead  would  meet  with  universal  approval.  Taking  into  account 
the  influence  of  reservoirs  upon  the  habits  of  a  river,  cutting  off  the 
peaks  from  floods  and  distributing  some  percentage  of  the  flow  that 
would  otherwise  be  wasted  to  lands  from  which  the  underflow,  when 
definitely  established  as  the  result  of  irrigation,  will  continue  steadily 
for  months  or  even  years,  one  must  conclude  that  the  service  from  such 
reservoirs  in  establishing  underground  reservoirs  of  increasing  capacity, 
compensates  in  part  for  the  loss  of  capacity  due  to  sedimentation.  So 
important  is  the  seepage  flow  as  the  result  of  irrigation  that  it  is  not 
uncommon  for  the  owners  of  such  projects  to  specify  in  the  contracts 
of  sale  to  homeseekers  that  the  resulting  seepage  water  may  be  col- 
lected by  the  distributing  company  and  used  as  an  integral  part  of 
the  water  supply  for  the  project.  The  writer  has  observed  that,  where 
water  was  used  copiously  upon  bench  or  plateau  lands,  the  visible 
return  flow  became  considerable  after  four  or  five  years;  and  lands  at 
lower  elevation  within  the  same  project  were  being  supplied  in  part 
from  this  source. 

Reservoirs  of  elongated  form  along  the  main  channel,  through 
which  large  floods  may  flow  freely  for  considerable  periods,  and  which 
can  be  filled  with  the  remaining  flow  after  the  stream  has  clarified  in 
large  measure,  can  be  regarded  as  permanent  and  of  practically  •con- 

*  Proceedings,  Am.   Soc.  C.  B.,  October— November-December,   1919,  p.  889. 


Papers.]      DISCUSSION  :  SILT  PROBLEM  OF  THE  ZUNI  RESERVOIR  351 

stant  capacity,  irrespective  of  the  quantity  or  character  of  the  silt,  as     Mr. 
has  been  demonstrated  in  the  Assuan  Reservoir  on  the  Nile.    Inasmiich,  ''*''"^'^' 
however,  as  the  regulaj-  and  dependable  habits  of  the  Nile  place  this 
reservoir   in   a   class   by   itself,    the   miniature   reservoir   projects   that 
resemble   the   Assuan   in   essential   features   will    require   a   somewhat 
modified  treatment,  and  with  varying  degrees  of  success. 

The  main  river  channel  through  an  elongated  reservoir  site  repre- 
sents a  greater  percentage  of  the  original  capacity  than  is  realized  at 
first  consideration;  and  there  can  hardly  be  a  well-founded  claim  that 
this  portion  of  the  reservoir  will  become  a  level  mud  flat.  Some  lateral 
erosion  will  occur  naturally  if  the  reservoir  gates,  of  ample  size,  may 
be  kept  open  for  considerable  periods,  and  this  result  would  be  obtained 
by  the  direct  sluicing  of  the  natural  stre/im. 

Departure  from  the  simple  process  of  direct  sluicing  through  a 
reservoir  basin  immediately  involves  additional  equipment  or  struc- 
tures, such  as  conduits,  pipe  lines,  pumping  plants,  barges,  etc.;  and 
it  would  be  necessary  to  make  thorough  study  and  skillful  designs  to 
avoid  the  uncertainties  of  experimentation.  But  reduced  to  the  simple 
requirement  that  the  average  silt  content  of  the  outflow  shall  be  equal 
to  the  average  burden  of  the  inflow,  the  problem  is  capable  of  satis- 
factory solution  in  all  except  the  extreme  cases.  The  popular  notion 
of  the  sediment  carried  by  a  stream  is  often  based  upon  the  observa- 
tion of  the  maximum  burden.  The  Rio  Grande  with  an  average  silt 
content  of  1.66%,  and  the  Gila  with  an  average  of  1.3%  during  years 
of  observation,  have  to  receive  and  carry  on  the  occasional  contribu- 
tions of  liquid  mud  from  their  tributaries;  and  without  the  published 
data  obtained  by  reliable  observers,  it  is  certain  that  a  much  higher 
silt  content  would  be  credited  to  these  rivers  by  those  who  had  casu- 
ally observed  the  heavy  floods. 

The  silt  problem  along  the  rivers  of  the  Southwest  is  not  more 
serious  than  the  drainage  problems  that  arise  in  irrigated  districts: 
yet  settlers  and  land  owners  and  engineers  cheerfully  accept  the  chal- 
lenge of  these  two  lurking  enemies  of  the  irrigation  project.  Too  often 
the  first  cost  of  the  system  so  far  overruns  the  estimate  that  there 
are  no  funds  available,  during  the  first  years  of  operation,  to  give  the 
needed  attention  to  these  matters;  but  it  is  fully  realized  that  the 
accumulation  of  sediment  in  the  one  case,  or  the  accumulation  of 
seepage  water  in  the  lower  lands  and  subsoil  in  the  other  case,  increases 
year  by  year ;  and  perhaps  after  ten  years  or  twenty,  or  a  longer  period, 
when  disaster  is  threatening  the  enterprise,  pronounced  steps  have  to 
be  taken  to  correct  the  trouble  and  relieve  an  accumulation  that  should 
have  been  taken  care  of  as  a  part  of  the  maintenance  of  the  project. 

Mr.  Robinson  and  Mr.  Mead  have  rendered  a  distinct  service  to 
the  Profession  in  presenting  the  data  and  views  on  this  important  topic. 
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WILLIAM  ARCHER,  M.  Am.  Soc.  C.  £.=• 


Died  November  24th,  1919. 


William  Archer  was  born  at  Penrith,  England,  on  June  7th,  1844, 
and  came  to  the  United  States  with  his  parents  in  1850.  The  Archer 
family  settled  at  Cleves,  Ohio,  in  the  early  Fifties,  and  Mr.  Archer 
made  the  little  suburb  of  Cincinnati  his  home  for  the  remainder  of 
his  life.  After  securing  his  elementary  education,  he  attended  Farmers' 
College  at  College  Hill,  Ohio,  taking  a  Liberal  Arts  Course,  but  spe- 
cializing in  all  the  mathematical  and  scientific  courses  available. 

After  spending  four  years  as  Assistant  Engineer  with  the  "Big 
Four"  Eailroad,  he  entered  the  sei-vice  of  the  West  Virginia  and  Ohio 
Railroad  (now  a  part  of  the  Baltimore  and  Ohio)  in  May,  1869;  his 
active  service  with  the  Baltimore  and  Ohio  Railroad  System  from  that 
date  until  his  death  was  never  severed — a  period  of  more  than  fifty  years. 
He  held  positions,  successively,  as  Engineer  of  Location  and  Construc- 
tion; Assistant  Engineer;  Division  Engineer;  Principal  Assistant  Engi- 
neer, Maintenance  of  Way;  Assistant  Real  Estate  Agent,  and  Assistant 
Engineer  in  an  advisory  capacity,  which  position  he  held  at  the  time 
of  his  death. 

Fifty  years  of  continuous  active  service,  beginning  with  the  con- 
struction of  the  railroad  west  of  the  Ohio  River,  gave  Mr.  Archer  an 
almost  unparalleled  knowledge  of  the  Western  Lines ;  a  wonderful  mem- 
ory, together  with  an  unusual  gift  for  assembling  facts  in  an  orderly 
and  concise  manner,  enabled  him  to  use  this  knowledge  most  effectively. 

As  Assistant  Engineer  in  an  advisory  capacity,  Mr.  Archer's  knowl- 
edge, together  with  his  eagerness  to  assist  all  who  came  to  him,  made 
his  services  invaluable  for  the  securing  of  historical  and  statistical 
data. 

Mr.  Archer  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  on  March  2d,  1881;  he  was  a  charter  member  of  The 
American  Railway  Engineering  Association. 

*  Memoir  prepared  from  information  on  file  at  the  Headquarters  of  the  Society. 
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STEPHEN  PEARSON  BROWN,  M.  Am.  Soc.  C.  E.* 


Died    Dece:mber  6x11,  1919. 

Stephen  Pearson  Brown,  the  son  of  Stephen  O.  and  Mary  P.  Brown, 
was  born  at  Dover,  Me.,  on  April  29th,  1877.  After  graduation  from  the 
Hotchkiss  School,  Lakeville,  Conn.,  in  1896,  he  studied  a  short  time  in 
Heidelberg,  Germany,  and  entered  the  Massachusetts  Institute  of 
Technology,  from  which  he  was  graduated  in  1900,  with  the  degree  of 
Bachelor  of  Science. 

Immediately  after  his  graduation  Mr.  Brown  was  employed  in 
making  tests  of  lubricating  oils  under  mill  conditions  for  the  Washing- 
ton Mills,  Lawrence,  Mass.  From  1901  to  1903,  he  was  junior  partner 
of  the  firm  of  Collier  and  Brown,  Consulting  Engineers,  Atlanta,  Ga., 
having  charge  of  the  mechanical  and  civil  engineering  work  in  hydro- 
electric developments,  sewerage  systems,  water-works  systems,  mine 
developments  and  factory  and  electric  plant  designs.  In  1904,  he  had 
charge  of  the  construction  of  the  depot  at  Bridgeport,  Conn.,  under  the 
Architect  for  the  New  York,  New  Haven  and  Hudson  River  Railroad 
Company,  and,  in  1905,  designed  reinforced  concrete  structures  for  the 
Columbian  Fireproofing  Company  of  New  York  City. 

On  August  1st,  1905,  Mr.  Brown  joined  the  organization  of  the 
United  Engineering  and  Contracting  Company  of  New  York  City,  as 
Engineer  of  Construction  on  the  St.  Mary's  Park  Tunnel  and  the  Port 
Morris  depression  of  the  Port  Morris  Branch  of  the  New  York  Central 
Railway.  This  company  late  in  1905  sent  Mr.  Brown  to  Porto  Rico  to 
investigate  and  report  on  conditions  relating  to  municipal  water-works, 
water  supply,  electric  light  and  power  from  a  possible  water-power  plant, 
and  a  sewerage  system,  all  for  the  City  of  San  Juan,  Porto  Rico.  From 
1906  to  July,  1908,  he  had  charge  of  the  work  of  the  same  company  on 
the  Pennsylvania  Railroad  Company's  cross-town  tunnels,  supervising 
all  work  west  of  Fifth  Avenue,  New  York  City. 

The  last  half  of  1908  Mr.  Brown  spent  in  Europe,  investigating  for- 
eign practice  in  hydraulic  and  tunnel  work.  He  returned  to  the  United 
Engineering  and  Contracting  Company  in  January,  1909,  as  Principal 
Assistant  Engineer,  and  also  acted  as  Designing  Engineer  for  the  Cuban 
Engineering  and  Contracting  Com])any,  of  New  York  City,  up  to  July 
of  that  year,  when  he  returned  to  Europe  for  six  months'  study  of  tun- 
neling methods.  From  1910  to  1912,  he  was  Chief  Engineer  for  the 
Tidewater  Building  Company  and  T.  B.  Bryson  on  the  Fourth  Avenue 
Subway,  New  York  City. 

From  1912  to  1917,  Mr.  Brown  served  as  Chief  Engineer  of  the 
Mount  Royal  Tunnel  and  Terminal  Company,  Limited,  and  Managing 

*  Memoir  prepared  from  information  on  file  at  tlie  Headquarters  of  the  Society. 
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Engineer  for  Mackenzie,  Mann  and  Company,  Limited,  having  charge 
of  both  design  and  construction  of  the  terminal  development  in  Mon- 
treal, Que.,  Canada,  for  the  Canadian  Northern  Railway.  This  included 
a  double-track  tunnel  more  than  3  miles  long,  elaborate  freight  and 
passenger  terminals  and  an  elevated  double-track  viaduct  across  the 
lower  town  from  the  tunnel  to  the  harbor.  It  involved  an  estimated 
expenditure  of  about  $15  000  000,  and  $10  000  000  was  actually  expended. 

From  1918  to  June,  1919,  Mr.  Brown  was  Vice-President  and  Gen- 
eral Manager  of  the  Ford,  Bacon  and  Davis  Corporation,  Engineers, 
and  was  active  in  the  Construction  Department  of  the  International 
Coal  Products  Corporation  on  a  Government  carbo-coal  and  by-product 
plant. 

Mr.  Brown  was  a  member  of  the  following  engineering  societies : 
American  Society  of  Mechanical  Engineers,  American  Railway  Engi- 
neering Association,  Engineering  Institute  of  Canada,  Institution  of 
Civil  Engineers  (Great  Britain).  He  was  also  a  member  of  The  Engi- 
neers Club,  and  The  University   Club,  both  of  New  York   City. 

Mr.  Brown  met  his  death  at  Sebec  Lake,  Maine,  when  he  broke 
through  the  ice  on  which  he  was  crossing  to  his  summer  home  near 
Greeley's  Landing.  He  directed  his  son,  whom  he  had  been  hauling  on 
a  moose-sled,  to  run  to  the  shore  and  down  to  the  houses  at  the  landing 
to  give,  the  alarm.  The  child  did  so  and  found  two  women,  but  before 
they  could  reach  him,  Mr.  Brown  had  become  exhausted  and  had  sunk 
beneath  the  ice.  As  soon  as  word  reached  the  village  a  party  went  to 
the  landing  and  the  body  was  recovered  that  night. 

He  is  survived  by  his  wife,  who  was  Miss  Edith  Luce,  of  Boston, 
Mass.,  and  two  sons,  his  mother,  and  two  sisters,  Mrs.  J.  Arnold  Nor- 
cross,  of  New  Haven,  Conn.,  and  Mrs.  Clarence  F.  Dore,  of  Melrose, 
Mass. 

Mr.  Brown  was  elected  an  Associate  Member  of  the  American  Society 
of  Civil  Engineers  on  October  5th,  1904,  and  a  Member  on  November 
1st,  1910. 


PAUL  SOURIN  KING,  M.  Am.  Soc.  C.  £.=• 


Died  October  30th,  1919. 


Paul  Sourin  King  was  born  at  Philadelphia,  Pa.,  on  March  16th, 
1845.  Until  he  was  fourteen  years  old,  he  was  seriously  hampered  by 
the  fact  that  he  was  crippled  in  both  legs.  As  a  boy  he  attended  the 
public  schools  and,  later,  went  to  a  small  college  in  Westmoreland 
County,  near  Greensburg,  Pa.,  but  he  was  largely  self-educated. 

*  Memoir  prepared  from  information  furnished  By  Henry  King,  Esq..  and  on 
file  at  the  Headquarters  of  the  Society. 
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At  the  age  of  seventeen,  Mr.  King  was  employed  by  Herman  Fisher, 
a  Mining  Engineer,  at  Ashland,  Schuykill  County,  Pa.,  with  whom  he 
stayed  about  one  year.  In  1865,  he  was  engaged  as  Rodman  with 
the  Locating  Corps  of  the  Mahonoy  and  Broad  Mountain  Division  of 
the  Philadelphia  and  Reading  Railroad,  under  Charles  E.  Byers,  Chief 
Engineer,  principally  on  work  connected  with  the  Port  Clinton,  Ham- 
burg, and  Kutztown  Branch,  and  other  branches  of  the  road,  until  1870. 

From  1871  to  1875,  Mr.  King  served  as  Chief  Engineer  of  the 
Roanoke  Valley  Railroad  Company,  on  the  construction  of  53  miles  of 
that  line  in  Virginia,  his  headquarters  during  this  time  being  at 
Richmond,  Va. 

In  1875  and  1876,  he  was  engaged  as  Engineer  in  charge  of  the 
Virginia  and  Gold  Hill  "Water- Works  Extension,  on  the  location  and 
construction  of  a  tunnel  through  the  Sierra  Nevada  Mountains,  as  well 
as  a  pipe  line,  dams,  etc.,  in  the  State  of  Nevada,  and  from  1877  to  1879, 
he  was  employed  as  Chief  Engineer  of  the  Union  Island  Reclamation 
Company  on  the  location  and  construction  of  30  miles  of  levee  work, 
piling,  damming  sloughs,  etc.,  in  California. 

In  1880,  Mr.  King  went  to  Mexico  as  Assistant  Engineer  on  the 
location  of  the  Mountain  Division  of  the  Mexican  National  Railroad, 
and  remained  there  imtil  1881.  On  his  return  to  the  United  States,  he 
was  engaged  with  Messrs.  Oliver  Barnes  and  Charles  McFadden,  "who, 
at  that  time,  were  grading  about  30  miles  of  road  in  Elk,  McClain  and 
Clearfield  Counties  in  Pennsylvania.  He  was  also  employed  as  Divi- 
sion Engineer  on  the  Pittsburgh,  Youngstown,  and  Chicago  Railroad, 
on  the  location  of  the  Ohio  River  Bridge  crossing,  etc.,  in  Pennsylvania. 

About  this  time  the  construction  of  the  South  Pennsylvania  Rail- 
road, from  Harrisburg  to  Pittsburgh,  was  under  way,  and  Mr.  King 
was  appointed  Division  Engineer  on  the  location  of  the  road  through 
the  Blue  Mountain  Section  in  Pennsylvania. 

Mr.  Robert  H.  Sears,  Chief  Engineer  of  the  Lehigh  Valley  Railroad, 
recommended  Mr.  King  to  the  President  of  the  Bethlehem  Coal  and 
Iron  Company,  and,  in  1883,  he  was  sent  by  the  latter  Company  to 
Cuba  as  Chief  Engineer  of  the  Juragua  Iron  Company,  Limited,  Rail- 
road, on  the  location  and  reconstruction  of  18  miles  of  difficult  moun- 
tain road,  as  well  as  bridges  and  a  pier,  for  loading  iron  ore  in  the  harbor 
of  Santiago,  Cuba. 

On  his  return  from  Cuba  in  1885,  Mr.  King  was  engaged  by  the 
Lehigh  Valley  Railroad  Company  to  build  a  branch  of  that  road  between 
Buffalo  and  Geneva,  N.  Y.,  of  which  work  he  was  Chief  Engineer. 

On  the  completion  of  this  work,  he  established  an  office  for  the 
private  practice  of  engineering  as  Consulting  Engineer  in  New  York 
City,  which  he  maintained  for  more  than  15  years.  During  this  period, 
he  went  to  South  America  with  the  editor  of  Engineering  News  and, 
in  addition,  traveled  extensively,  attending  practically  all  the  Worlds' 
Fairs. 
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Although,  as  has  been  stated,  Mr.  King  was  crippled  in  the  early- 
years  of  his  life,  he  had  recovered  entirely  from  this  condition ;  in  fact, 
he  frequently  stated  that  he  could  outwalk  any  man  in  his  party.  He 
had  never  married. 

Mr.  King  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  on  July  3d,  1889. 


EDGAR  MARBURG,  M.  Am.  Soc.  C.  E.* 


Died  June  27th,  1918. 


Edgar  Marburg  was  born  on  March  4th,  1864,  at  Hamburg,  Ger- 
many, where  his  father  had  sent  his  family  from  New  Orleans  during 
the  Civil  War.  His  father,  Herman  Edward  Marburg,  was  a  man  of 
artistic  tastes  and  a  lover  of  arts,  who  had  planned  to  devote  himself 
to  languages  but  who  finally  engaged  in  business  and  succeeded  so  well 
that  he  became  a  wholesale  merchant.  He  came  to  America  in  1847, 
representing  a  Hamburg  firm,  and  became  a  naturalized  citizen  in  1853. 
His  mother,  Clara  Juergesen  Marburg,  was  also  a  native  of  Germany, 
Edgar  Marburg  was  third  in  a  family  of  four  sons  and  two  daughters, 
all  of  whom — including  both  parents — have  survived  him. 

In  early  life.  Dr.  Marburg  showed  those  characteristics  of  independ- 
ence of  thought  and  action  that  marked  his  later  life.  It  is  related 
that  at  the  age  of  five  years,  by  a  series  of  questions  which  he  asked  his 
mother  and  by  reasoning  the  matter  out  entirely  by  himself,  he  learned 
to  tell  the  time. 

He  attended  private  schools  in  New  Orleans  and  later  in  Shreve- 
port.  La.,  and  from  the  beginning  showed  much  aptitude  for  study, 
particularly  for  mathematics.  His  teacher  at  Shreveport,  Capt.  George 
E.  Thacher,  soon  recognized  his  mathematical  ability  and  placed  him 
in  a  class  by  himself  in  that  subject,  with  no  lesson  assignments. 
Young  Marburg  would  simply  report  from  time  to  time  how  far  he 
had  progressed  in  his  study.  His  family  have  to-day  a  book  in  which 
he  kept,  in  neat,  orderly  arrangement,  solutions  of  many  problems, 
from  simple  ones  in  arithmetic  to  those  in  analytic  mechanics  and 
calculus.  He  made  it  a  rule  never  to  ask  or  accept  help  on  any  prob- 
lem, and  this  self-reliant  attitude  was  evident  throughout  his  life  in 
everything  he  undertook. 

At  the  age  of  fifteen  he  gave  up  school  and  announced  his  intention 
of  going  to  college.  It  was  necessary  for  him  largely  to  work  his  way 
through,  and  he  accordingly  worked  for  the  next  three  years  in  a  large 

*  Memoir  prepared  by  Samuel  Tobias  Wagner,   M.  Anu   Soc.  C.   E.,  and  Charles 
Laurence  Warwick,  Jun.  Am.  Soc.  C.  E. 
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wholesale  grocery  store  in  Shreveport.  He  studied  at  nights  to  prepare 
to  enter  the  sophomore  class  at  college.  Upon  the  advice  of  Capt. 
Thacher,  and  because  of  his  predilection  for  mathematics,  he  decided 
to  study  Engineering  and  finally  entered  Rensselaer  Polytechnic  Insti- 
tute in  1882  as  a  sophomore,  at  the  age  of  eighteen.  The  promise  of 
his  early  youth  was  fulfilled  in  his  college  life,  and  he  graduated  with 
the  degree  of  Civil  Engineer  in  1885. 

Of  his  college  days  the  following  letters  bear  testimony  to  his  activi- 
ties and  character  at  that  time.  Mr.  Enrique  A.  Touceda,  M.  Am.  Soc. 
C.  E.,  writes  as  follows : 

"While  he  was  always  intensely  interested  in  Institute  happenings 
and  was  always  popular  with  the  student  body,  and  particularly  so  with 
his  classmates,  he  was  modest  and  more  or  less  retiring,  having  little  to 
do  with  Institute  politics.  Without  being  what  is  known  as  a  'grind,' 
his  first  thought  was  to  make  good  in  his  studies  and  then  to  devote  as 
much  time  as  possible  to  the  enjoyment  of  general  college  life.  During 
this  period  little  if  any  attention  was  paid  by  any  of  the  students  to 
athletic  sports,  first  due  to  lack  of  time,  and  second  to  the  fact  that  the 
Institute  possessed  no  athletic  field. 

"Marburg  as  a  youth  was  appreciated  by  his  associates  as  one  of 
sterling  worth,  very  interesting  and  very  companionable.  -He  was  intel- 
lectually vigorous  and  quick  of  judgment ;  always  dependable  and  ready 
to  render  a  friendly  service  on  the  instant." 

Dr.  Palmer  C.  Ricketts,  M.  Am.  Soc.  C.  E.,  President  of  the  Insti- 
tute, writes : 

"Marburg,  of  course,  was  a  very  excellent  student  while  here.  He 
was  graduated  with  the  degree  of  Civil  Engineer  in  the  Class  of  1885. 
He  was  a  member  of  the  Rensselaer  Society  of  Engineers  when  a  stu- 
dent and  was  the  first  editor  of  the  Institute  Quarterly,  a  paper  which 
had  a  brief  existence.  *  *  *  "We  all  liked  him  when  he  was  a  stu- 
dent here  and  after  he  was  graduated.  He  was  a  very  able  man,  a  man 
of  fine  integrity  and  of  fine  disposition." 

He  had  definitely  decided  at  this  time  to  specialize  in  structural 
engineering  and  aimed  to  obtain  as  varied  an  experience  as  possible. 
Consequently  he  adopted  the  plan  of  going  from  one  bridge  or  struc- 
tural company  to  another,  studying  at  each  one  until  he  had  the  experi- 
ence he  desired.  These  changes  were  at  times  made  at  a  loss  of  salary, 
but  this  feature  never  swerved  him  from  his  determination.  In  his 
later  associations  with  young  graduates,  Dr.  Marburg  always  endeavored 
to  impress  on  them  the  importance  of  gaining  experience  in  their  pro- 
fession and  cautioned  them  against  making  increase  in  salary  their 
sole  consideration  in  changing  positions. 

In  1885  he  entered  the  employ  of  the  Keystone  Bridge  Co.  at 
Pittsburgh,  Pa.,  and  remained  there  until  about  188Y.  Mr.  Edwin 
Thacher,  M.  Am.  Soc.  C.  E.,  who  was  then  Chief  Engineer,  writes  as 
follows  regarding  this  engagement: 
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'1  was  Chief  Engineer  of  the  Keystone  Bridge  Co.  in  Pitts- 
burgh in  1885  when  Mr.  Marburg  graduated  from  the  Rensselaer  Poly- 
technic Institute  at  Troy.  He  had  applied  for  a  position  a  month  or 
more  previously  and  I  told  him  to  come  on  if  he  was  willing  to  start  in 
at  a  salary  of  $50  per  month,  which  was  paid  to  all  beginners.  He  came 
at  the  appointed  time,  and  I  set  him  at  work  on  the  design  of  plate 
girder  bridges,  at  which  he  soon  became  expert.  He  was  kept  on  this 
line  of  work  for  nearly  a  year,  much  longer  than  he  should  have  been 
for  his  own  good,  for  I  believe  it  is  the  practice  in  all  large  bridge 
drafting  rooms  to  keep  a  man  at  the  class  of  work  that,  he  is  most 
expert  in;  but  finally  Mr.  Marburg  before  he  left  did  get  considerable 
experience  in  the  design  of  pin  connected  bridges  and  buildings. 

''I  was  very  favorably  impressed  with  Mr.  Marburg  from  the  first 
day  I  saw  him.  His  appearance  and  bearing  were  such  as  to  satisfy  me 
that  he  was  a  young  man  of  superior  ability,  and  of  all  the  men  in  the 
drafting  room  he  was  my  favorite.  He  had  no  bad  habits  and  was  a 
conscientious  worker." 

From  1887  to  about  1889  he  was  in  the  employ  of  the  Phoenix 
Bridge  Co.  at  Phoenixville,  Pa.,  employed  almost  entirely  in  the  com- 
puting department  of  that  company.  From  1889  to  1900  he  was  with 
the  Edgemoor  Iron  Co.,  at  Wilmington,  Del.,  in  the  designing  and 
estimating  department  under  C.  W.  Bryan,  M.  Am.  Soc.  C.  E.,  now 
Chief  Engineer  of  the  American  Bridge  Company. 

In  1891  he  returned  to  his  home  in  Shreveport  and  it  was  at  that 
time  that  he  met  and  became  engaged  to  his  future  wife.  Miss  Fanny 
Dulany  Moncure.  In  1891  and  1892  he  was  in  the  employ  of  the  Car- 
negie Steel  Co.  (Keystone  Bridge  Co.)  at  Chicago,  111.,  under  Mr. 
Charles  L.  Strobel,  M.  Am.  Soc.  C.  E.,  who  writes  as  follows  as  to  his 
work  at  that  time: 

"Mr.  Marburg  was  employed  by  the  Keystone  Bridge  Co.  (one 
of  the  Carnegie  firms),  Chicago  office,  in  1891-92,  which  ofiice  was  in  my 
charge.  I  was  at  the  time  Consulting  Engineer  of  the  Keystone  Bridge 
Company  and  of  Carnegie,  Phipps  and  Co.,  Limited.  Dr.  Marburg  was 
engaged  upon  the  work  of  preparing  shop  and  mill  plansfor  the  struc- 
tural iron  work  required  for  the  large  fireproof  Auditorium^  Building. 
Chicago.  This  was  unusually  complicated  work,  as  the  building  was 
designed  to  serve  several  purposes — part  to  be  a  concert,  opera  and  con- 
vention hall,  another  part  to  be  an  office  building  and  a  third  part  to 
be  a  hotel.  It  was  necessary  to  do  the  work  under  great  pressure  as  to 
time,  in  order  to  permit  the  use  of  the  large  hall  for  the  meeting  of  the 
National  Republican  Convention  in  the  fall  of  1892.  Dr.  Marburg  was 
earlier  employed  in  connection  with  a  revised  edition  of  the  Carnegie, 
Phipps  and  (3o.  Handbook,  then  in  preparation. 

"Dr.  Marburg's  splendid  qualities  of  conscientiousness,  thorough- 
ness, faithfulness  and  competency  were  in  evidence,  as  they  have  so 
conspicuously  been  in  his  later  life." 

In  1892  a  number  of  engineers  recommended  him  to  Dr.  Charles 
Custis  Harrison,  then  Provost  of  the  University  of  Pennsylvania,  for  the 
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position  of  Professor  of  Civil  Engineering  at  that  institution.  He  was 
elected  Acting  Professor  of  Civil  Engineering  and  a  year  later  became 
full  Professor,  a  position  which  he  held  until  his  death. 

Possibly  no  one  is  better  qualified  to  speak  of  his  qualities  as  a 
teacher  than  William  Easby,  Jr.,  M.  Am.  Soc.  C.  E.,  who  was  associated 
with  him  for  many  years  at  the  University  of  Pennsylvania. 

"Few  have  left  a  stronger  impress  of  their  personality  on  a  life's 
work  than  has  Edgar  Marburg,  for  twenty-six  years  Professor-in-charge 
of  the  Department  of  Civil  Engineering.  Throughout  this  long  period, 
covering  years  of  devoted  service,  he  gave  unstintingly  of  the  best  that 
was  in  him  toward  the  upbuilding  of  the  department  so  wisely  entrusted 
to  his  charge.  That  he  was  successful  is  well  known  and  strikingly 
apparent  to  any  who  can  compare  the  curriculum  and  facilities  for 
instruction  of  a  quarter  of  a  century  ago  with  those  of  the  present. 

"Dr.  Marburg's  influence  on  engineering  was  far-reaching  and  salu- 
tary. It  was  strongly  felt  in  his  work  as  a  teacher,  writer  and  executive 
throughout  a  wide  and  important  circle  of  professional  friends  and 
acquaintances.  It  may  truly  be  said  that  he  supplied  in  himself, 
through  his  broad  contact  with  Engineering,  a  bond  between  his  stu- 
dents and  the  professional  life  which  they  sought  to  enter.  Though  not 
himself  a  practicing  engineer,  he  showed  in  his  instruction  the  fullest 
appreciation  of  the  value  of  practical  illustration  and  acquaintance 
with  business  procedure.  Through  patient  and  sound  advice  he  endeav- 
ored at  all  times  to  instil  into  the  minds  and  hearts  of  his  students  a 
high  regard  for  the  dignity  and  worth  of  their  chosen  profession.  The 
high  standard  of  professional  ethics  which  he  set  for  them  was  but  the 
expression  of  principles  which  he  consistently  observed  throughout  his 
professional  life. 

"Dr.  Marburg  fully  recognized  and  accepted  the  opportunities  and 
obligations  of  his  position  as  a  teacher  in  a  great  institution  of  learning. 
With  him  teaching  was  not  principally  an  occupation  with  a  livelihood 
as  its  object,  but  a  profession  of  the  highest  order  which  he  knew  to  be 
far-reaching  in  its  influence  on  the  economic  and  social  fabric  of  the 
country,  worthy  of  that  patient  and  devoted  effort  which  he  always 
bestowed  upon  it.  His  success  as  a  teacher  is  unquestioned,  and  fol- 
lowed naturally  from  the  possession  of  those  qualities  which  secure  the 
respect,  confidence  and  interest  of  students.  He  had  to  an  unusual 
extent  the  faculty  of  divesting  a  subject  of  difficulties  by  exposing, 
through  familiar  and  often  homely  illustrations,  the  fundamental 
thought  involved  and  by  arranging  related  matters  with  due  regard  to 
their  importance.  Recitations  never  lagged,  were  never  tedious  or 
unprofitable  under  the  vitalizing  influence  of  his  strong  nature.  He 
felt  the  intellectual  pulse  of  his  classes  and  was  quick  to  detect  lack 
of  comprehension.  It  was  never  too  much  trouble  to  extend  instruction 
beyond  the  class-room  to  the  earnest  student  in  need  of  assistance. 

"A  strict  disciplinarian  in  all  things  essential,  Professor  Marburg 
still  had  the  good  will  if  not  the  affection  of  his  students,  based  on  his 
absolute  fairness  and  justice  and  on  the  evident  desire  to  apply  the 
penalty  for  misdoing  more  as  a  corrective  and  deterrent  than  as  a  pun- 
ishment.    Since  his  death  not  a  few  letters  have  been  received  from  his 
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former  students  attributing  much  of  their  success  to  his  instruction  and 
influence  as  a  man  and  expressing  heartfelt  regret  that  they  had  post- 
poned the  acknowledgment  of  their  debt  to  him  in  person  until  too  late." 

The  following  is  a  copy  of  the  resolutions  of  the  Faculty  of  the 
Towne  Scientific  School  of  the  University  of  Pennsylvania  upon  his 

"Edgar  Marburg,  Sc.  D.,  L.  L.  T>., 

"Professor  of  Civil  Engineering,  1892-1918. 

"Deceased  June  27th,  1918. 

"Moved  by  a  profound  sense  of  loss,  this  Faculty  deems  it  a  privi- 
lege to  here  record  its  estimate  of  the  character  and  attainments  of  a 
colleague,  who,  although  removed  by  death,  has  left  an  abiding  influence 
for  good  through  the  vitality  and  idealism  of  his  life  work. 

"The  career  of  Edgar  Marburg,  shortened  by  its  very  excess  of  self- 
giving,  nevertheless  had  long  yielded  him  a  distinguished  position 
among  engineers  and  educators.  This  was  due  to  exceptional  force  of 
eharacter  and  intellectual  endowment  which,  both  in  preparatory  train- 
ing and  professional  and  teaching  activities,  placed  everything  he  did 
on  a  high  plane.  His  work  was  marked  by  clarity  and  readiness  of 
insight,  grasp  of  essentials  and  thoroughness  of  method,  and  was 
inspired  by  high  principles  and  a  rugged  honesty  of  view  and  purpose. 

"Efficiency  of  so  high  an  order,  addressed  to  essentials,  through 
more  than  thirty  years  of  incessant  activity,  has  made  the  life  work 
of  Edgar  Marburg  a  contribution  of  positive  constructive  value  to  the 
welfare  of  the  community.  In  two  channels  particularly  has  this  been 
demonstrated;  the  more  widely  known  that  of  the  American  Society  for 
Testing  Materials,  whose  great  service  to  the  Engineering  and  indus- 
trial worlds  is  due,  more  than  to  any  other  single  influence,  to  his 
labors.  The  other  channel,  invisible  but  potent,  is  that  of  the  careers 
of  many  students  who  have  passed  under  his  influence,  carrying  away 
as  fundamental  to  their  action  his  ideals  of  professional  conduct. 

"It  has  been  well  said  of  him  that  he  had  a  constant  desire  to  know 
the  truth  and  be  guided  by  it;  possibly  this  best  explains  his  life  and 
the  reason  why  we,  his  colleagues,  are  moved  to  add  to  this  summary 
of  his  achievements  an  expression  of  profound  respect  for  his  character 
and  of  affectionate  regard  for  the  underlying  warmth  and  kindliness 
of  his  nature. 

"To  the  family  of  Professor  Marburg  we  offer  our  sincere  sympathy 
in  their  bereavement,  and  while  knowing  that  no  mere  words  can 
lessen  its  magnitude,  we  yet  venture  to  hope  that  consolation  may  be 
found  in  the  knowledge  that  his  life,  although  prematurely  ended,  has 
been  rich  in  a  usefulness  not  to  be  measured  by  length  of  days. 

'^Resolved:  That  the  foregoing  be  adopted  as  the  sense  of  this 
Faculty,  and  spread  upon  the  minutes,  and  that  copies  be  addressed 
to  the  family  of  Professor  Marburg  and  the  professional  organizations 
of  which  he  was  a  member." 

In  1906  a  new  building  at  the  University  of  Pennsylvania  was  dedi- 
cated for  the  use  of  the  Departments  of  Civil,  Mechanical  and  Elec- 
trical Engineering,  embodying  at  that  time  all  of  the  latest  approved 
facilities  and  apparatus  required  by  technical  schools  of  the  highest 
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grade.  The  planning  and  detail  designing  of  this  building  was  en- 
trusted to  Dr.  Henry  W.  Spangler,  at  that  time  Professor  of  Mechanical 
and  Electrical  Engineering,  and  Dr.  Marburg,  who  were  given  carte 
blanche  by  the  Trustees.  The  product  of  their  joint  work  will  always 
be  a  monument  to  each.  At  the  time  of  the  dedication  of  the  building 
Honorary  Degrees  of  Doctor  of  Science  were  conferred  upon  Profes- 
sors Marburg  and  Spangler. 

Almost  immediately  after  settling  in  Philadelphia,  Dr.  Marburg 
became  connected  with  the  Engineers'  Club  of  Philadelphia  and  was  its 
President  in  1900.  His  work  in  this  connection  is  well  set  forth  by 
George  S.  Webster,  M.  Am.  Soc.  C.  E.,  as  follows: 

'Tn  the  death  of  Edgar  Marburg,  the  Engineers'  Club  of  Philadel- 
phia lost  one  of  its  most  valued  members ;  one  who  always  took  an 
active  interest  in  its  welfare. 

"He  was  elected  a  member  of  the  Club  October  21st,  1893,  and  was 
chosen  one  of  the  Directors  in  1895  and  1896;  and  ably  served  as 
President  during  the  year  1900.  He  was  Chairman  of  the  Committee 
on  Public  Relations  in  1912,  and  from  March  21st,  1908  until  the  time 
of  his  death  was  one  of  the  Trustees  of  the  Bond  Redemption  Fund. 

"Dr.  Marburg  was  deeply  interested  in  the  several  movements  of 
the  Club  to  enlarge  its  sphere  of  usefulness,  to  increase  its  membership 
and  to  bring  it  into  closer  relations  with  other  technical  societies;  and 
he  contributed  in  no  small  measure  to  the  accomplishment  of  the 
splendid  results  which  followed  these  efforts. 

"Earnestness  of  purpose  and  high  ideals  were  among  his  characteris- 
tics, impelling  him  to  urge  the  most  exalted  standards  of  ethics  for  the 
Engineering  Profession,  and  to  recommend  as  a  duty  a  more  active 
participation  by  Engineers  in  public  affairs,  in  order  that  they  might 
render  greater  service  to  the  community. 

"He  was  a  man  of  strong  convictions,  and  while  energetically 
presenting  his  views,  was  very  considerate  of  the  views  of  others,  and 
heartily  united  with  them  in  doing  that  which  seemed  to  be  best  for 
the  interest  of  all. 

"He  took  a  leading  part  in  making  constructive  suggestions  at  the 
hearings  held  in  October,  1914,  before  the  Engineers'  Commission, 
appointed  by  the  Governor  of  the  State  of  Pennsylvania  to  investigate 
and  report  upon  the  advisability  of  licensing  engineers.  The  clear 
and  logical  way  in  which  arguments  were  presented  by  him  at  these 
hearings  exerted  a  large  influence  upon  the  Commission  in  reaching 
its  decision  not  to  recommend  the  enactment  of  a  License  Law  at  that 
time. 

"Dr.  Marburg  was  a  man  of  scholarly  attainments,  and  made 
numerous  valuable  and  interesting  contributions  to  technical  literature. 
He  possessed  characteristics  which  made  him  distinctive  among  his 
associates  and  marked  him  as  a  forceful  man  with  original  and  striking 
ideas  and  quick  to  put  them  into  effect.  In  fact,  it  was  his  unbounded 
energy  coupled  with  the  deep  knowledge  of  the  subjects  he  took  hold 
of — and  his  resourcefulness  in  solving  the  problems  which  arose  there- 
with— which  made  of  him  a  distinguished  and  representative  member 
in  his  profession. 
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"His  sterling  qualities  and  unquestioned  honesty  of  purpose  gained 
for  him  the  respect  and  admiration  of  all  his  associates,  and  his  death 
is  mourned  as  a  great  personal  and  professional  loss  not  only  by  the 
members  of  the  Engineers'  Club  of  Philadelphia  but  by  all  who  had  the 
privilege  of  his  acquaintance." 

At  a  meeting  of  the  Board  of  Directors  of  the  Engineers'  Club  held 
July  8t'h,  1918,  the  following  resolution  was  adopted: 

"The  Engineers'  Club  of  Philadelphia  learns  with  profound  sorrow 
of  the  death,  on  June  27th,  1918,  of  its  beloved  fellow-member  and 
Past-President,  Edgar  Marburg.  The  Engineers'  Club  has,  in  the 
death  of  Edgar  Marburg,  lost  one  of  its  most  valued  members,  wh^se 
loyal  service  has  left  a  deep  impression  on  the  history  and  development 
of  the  Club,  whose  scholarship  has  earned  for  him  an  international 
reputation  and  whose  personal  influence  has  helped  the  _  members  in 
their  work  and  professional  advancement. 

"The  Engineers'  Club  extends  to  his  family  its  warmest  sympathy 
in  their  bereavement  and  sorrow ;  and  as  an  acknowledgment  of  his 
loyalty,  brilliant  leadership,  kindly  sympathy,  readj'  helpfulness  and 
professional  ability,  it  is  directed  that  this  resolution  of  condolence  and 
regret  be  published  in  the  Journal  of  the  Engineers'  Club,  together 
with  a  sketch  of  his  life." 

Possibly  the  greatest  work  in  which  he  was  ever  engaged  was  his 
connection  with  the  American  Society  for  Testing  Materials.  In  1898 
he  joined  the  American  Section  of  the  International  Association  for 
Testing  Materials  and  helped  to  organiz(i  the  American  Section  of  that 
Association.  In  1902,  when  it  became  evident  that  a  real  leader  would 
have  to  be  found  to  vitalize  the  Society,  the  American  Section  turned 
to  him.  A  concise  statement  of  this  part  of  his  work  is  given  in  the 
following  minute  on  his  death  which  was  passed  at  the  October  meeting 
of  the  Executive  Committee  of  the  Society,  in  1918 : 

"In  the  death  of  Edgar  Marburg,  which  occurred  on  June  27th, 

1918,   the   American   Society   for   Testing   Materials   has   suffered   the 

irreparable  loss  of  one  of  its  most  eminent  and  distinguished  members ; 

its  executive  officer  since  its  incorporation;   a  leader  in  engineering 

.thought  and  education  and  in  the  field  of  testing  materials. 

"He  was  one  of  a  small  group  which,  in  1898,  organized  the  Ameri- 
can Section  of  the  International  Association  for  Testing  Materials.  In 
1902  he  was  appointed  acting  secretary  of  the  Section.  He  at  once 
prepared  for  the  Executive  Committee  a  clear,  comprehensive  statement 
of  the  purposes  of  a  testing  society,  as  he  conceived  them,  which  led 
to  the  incorporation  of  the  Society  as  an  independent  body.  He  was 
elected  Secretary  and  TreasTirer  of  the  new  society,  and  to  him  was 
entrusted  the  executive  direction  of  its  affairs.  From  then  till  his 
death,  a  period  of  sixteen  years,  he  worked  assiduously  for  the  success 
and  advancement  of  the  Society.  He  devoted  much  time  and  thought 
to  the  work  of  its  technical  committees  and  the  standardization  of 
specifications  and  methods  of  tests  of  the  materials  of  engineering,  and 
he   shaped   the   policy   under   which   these   essential   activities   of   the 
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Society  are  conducted.  The  marked  success  wliich  has  attended  the 
work  and  growth  of  the  Society,  and  the  interest  and  pleasures  of  its 
annual  meetings,  have  been  due  in  a  large  part  to  his  tireless  and 
painstaking  efforts.  To  his  labors  he  brought  great  executive  and 
organizing  ability,  excellent  judgment,  a  clear  grasp  of  the  many  and 
varied  problems  which  confronted  him,  a  sympathetic  understanding 
of  humanity,  tremendous  enthusiasm  and  zeal,  and  thoroughness  in 
everything  he  undertook.  His  high  ideals  were  reflected  in  every  word 
and  act.  He  was  ever  zealous  of  the  good  name  of  the  Society  and 
sought  throughout  his  leadership  to  extend  its  usefulness  in  every 
proper  field. 

"To  the  officers  and  members  of  the  Executive  Committee,  who 
were  privileged  to  work  intimately  with  him,  his  death  brings  a  deep 
sense  of  personal  loss  and  grief.  His  high  integrity,  his  rugged 
honesty,  his  open-mindedness,  and  his  evident  sincerity  of  purpose^ 
endeared  him  to  his  associates,  and  commanded  their  admiration, 
respect  and  devotion. 

"The  character  and  personality  of  Edgar  Marburg  have  indelibly 
impressed  themselves  upon  the  American  Society  for  Testing  Materials 
— an  inspiration  to  the  Society  for  all  time." 

Past-President  A.  A.  Stevenson  of  the  American  Society  for  Testing- 
Materials  has  kindly  prepared  the  following  statement  which  shows- 
many  of  the  characteristics  of  the  man: 

"No  doubt  the  members  at  large  of  the  American  Society  for  Testing 
Materials  appreciate,  in  a  certain  measure,  how  much  Dr.  Marburg's 
connection  with  the  Society  had  to  do  with  its  success.  Those  of  us 
who  as  officers  of  the  Society  and  members  of  the  Executive  Committee 
during  Dr.  Marburg's  tenure  of  office,  had  the  privilege  of  working  with 
him,  can  alone  have  a  full  realization  of  the  extent  to  which  hia 
character  as  a  man,  with  his  ideas  and  ideals,  independent  of  his  work,, 
had  to  do  with  the  growth  of  the  Society  in  influence  and  in  numbers. 

"Any  one  working  with  the  Doctor  could  not  but  have  the  greatest 
admiration  for  him.  While  at  times  one  might  have  difl^ered  with  him, 
there  was  never  a  question  as  to  his  motives,  or  a  thought  that  he  was 
prompted  by  any  other  motive  than  what,  in  his  mind,  was  best  for  the 
Society.  Dr.  Marburg  had  at  all  times  the  interest  of  the  Society  at 
heart,  and  no  one  could  have  been  more  jealous  of  its  good  name.  He 
would  make  any  sacrifice  and  go  to  any  length  in  working  to  advance 
its  interest.  His  very  enthusiasm  and  devotion  led  to  overwork,  and  I 
have  no  doubt  that  this,  in  connection  with  his  work  at  the  University, 
was  largely  one  of  the  causes  that  led  to  his  untimely  death  in  the 
prime  of  life.  With  it  all,  one  could  not  but  be  impressed  by  the  great 
modesty  of  the  man.  He  was  most  bitterly  opposed  to  anything  that 
might  seem  like  self  aggrandizement.  It  was  the  Society  he  thought 
of,  and  not  himself.  His  desire  was  to  see  results;  his  greatest  satis- 
faction in  work  accomplished. 

"As  an  officer  and  member  of  the  Executive  Committee  I  worked 
with  Dr.  Marburg  seven  years ;  saw  a  great  deal  of  him,  and  had  many 
conferences  concerning  the  work  and  the  future  of  the  Society.  The 
official  relationship  developed  into  a  warm  personal  friendship  that  is, 
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and  always  will  be,  one  of  my  most  cherished  memories.     His  'Old  man, 
how  are  you?'  over  the  telephone  or  when  met,  is  sadly  missed. 

"To  me  the  most  outstanding  trait  in  Dr.  Marburg's  character  was 
his  sterling  honesty.  He  was  honest  in  his  ideals,  in  his  work,  and  in 
his  life.     What  more  fitting  tribute  could  be  paid  to  a  man?'" 

At  the  Annual  Meeting  of  the  American  Society  for  Testing 
Materials,  held  in  Atlantic  City  in  June,  1919,  a  special  Session  was 
held  in  his  honor  and  addresses  were  made  as  foUows: 

Introductory  Remarks President  G.  H.  Clamer 

Contributions  to  Engineering Mr.  John  M.  Goodell 

His  Early  Activities  in  the  Society Mr.  Robert  "W.  Lesley 

His  More  Recent  Service  in  the  Society.  . .  .Prof.  A.  N.  Talbot 
A  Personal  Tribute Captain  Robert  W.  Hunt 

The  addresses  in  full  can  be  found  in  the  Proceedings  of  the 
American  Society  for  Testing  Materials  for  1919. 

In  1919  the  American  Society  for  Testing  Materials  established  an 
Edgar  Marburg  Memorial  Scholarship  in  the  University  of  Pennsyl- 
vania, to  be  awarded  by  the  University  to  a  student  in  the  Department 
of  Civil  Engineering.  The  fund  for  this  scholarship  ($5  000)  was 
raised  by  subscription  from  the  members  of  the  Society. 

With  reference  to  the  above  Engineering  Xeus-Becord  commented 
editorially  as  follows : 

"No  more  appropriate  form  of  memorial  to  the  memory  of  Edgar 
Marburg  than  the  proposed  permanent  scholarship  in  his  own  institu- 
tion, the  University  of  Pennsylvania,  to  which  he  gave  practically  the 
whole  of  his  working  life,  could  be  conceived.  The  plan  by  which  the 
American  Society  for  Testing  Materials  is  collecting  the  fund  for  a 
memorial  scholarship,  is  worthy  of  the  highest  commendation.  This 
form  of  recognition  would  appeal  to  Dr.  Marburg  himself,  because  his 
whole  heart  went  out  in  the  true  teaching  instinct  to  develop  young 
engineers  into  men  worthy  of  the  great  profession  to  which  he  gave 
his  life.  It  is  to  be  hoped  that  the  future  students  who  will  benefit  by 
this  scholarship  may  fully  appreciate  the  honor  and  repay  it  a  hundred 
fold  by  their  later  contributions  to  engineering  progress.  It  is  unfor- 
tunate that  only  luembers  of  the  A.  S.  T.  M.  have  been  asked  to 
subscribe.  There  is  no  doubt  whatever  that  thousands  of  other 
engineers  the  country  over  would  be  glad  to  add  their  tribute  to  a  man 
who  had  been  their  inspiration  and  guide  either  in  the  days  of  their 
early  training  or  in  their  engineering  experience." 

He  acted  as  Consulting  Engineer  at  various  times,  notably  in  the 
I>reparation  of  the  design  for  the  Rock  Creek  bridge  on  the  line  of 
Massachusetts  Avenue,  Washington,  D.  C,  imder  commission  for  the 
Corps  of  Engineers,  U.  S.  A. 

In  1904  he  was  elected  Lecturer  on  Structural  Engineering  at  the 
Franklin  Institute,  and  he  was  Past-Chairman  of  its   Committee  on 
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Science  and  the  Arts.  He  was  also  Secretary  of  the  American  Society 
for  the  Promotion  of  Engineering  Education,  and  Past-President  of 
the  honorary  society,  Sigma  Xi. 

In  addition  to  a  number  of  papers  for  the  American  Society  for 
Testing  Materials,  his  best  known  contribution  to  engineering  literature 
is  his  work  on  "Framed  Structures  and  Girders — Theory  and  Prac- 
tice. Volume  1".  This  was  the  first  of  an  unfinished  series  of  three 
volumes  covering  the  field  of  structural  steel  design  and  erection. 

In  1896  he  presented  a  paper  before  the  Engineers'  Club  of  Phila- 
delphia, on  "Cantilever  Bridges".  This  notable  paper  was  used  in  his 
classes  from  the  time  of  its  presentation. 

He  also  contributed  papers  to  the  American  Society  for  the  Pro- 
motion of  Engineering  Education.  In  1914  he  was  honored  by  Franklin 
and  Marshall  College  with  the  degree  of  Doctor  of  Laws  and  Letters. 

He  was  married  to  Miss  Fannie  Dulany  Moncure  of  Shreveport,  La., 
at  Shreveport,  on  August  14th,  1893.  Mrs.  Marburg  and  their  four 
children,  Edgar,  Mrs.  Samuel  T.  Ziegler,  Clara  and  Anita  survive  him. 

He  was  elected  a  Member  of  the  American  Society  of  Civil  Engi- 
neers on  October  6th,  1897. 


CARL  UHLIG,  M.  Am.  Soc.  C.  E. 


Died  May  4th,  1919. 


Carl  Uhlig  was  born  in  Chemnitz,  Saxony,  on  December  31st,  1846. 
He  was  educated  in  Saxon  schools  and  was  graduated  from  the  Poly- 
technic School  in  Dresden  in  1867. 

He  came  to  the  United  States  in  1868  and  shortly  afterward  entered 
the  service  of  the  United  States  Coast  and  Geodetic  Survey  as  Aid, 
having  been  engaged  in  work  at  various  points  on  the  coast  of 
California,  principally  at  San  Pedro  and  Crescent  City. 

In  1876,  Mr.  Uhlig  entered  the  employ  of  the  Board  of  State  Harbor 
Commissioners  in  San  Francisco  as  Chief  Draftsman,  being  later 
appointed  Assistant  Engineer,  and  remained  in  that  position  continu- 
ously for  43  years,  until  his  death.  During  that  time  he  was  connected 
with  the  design  of  the  numerous  bulkhead  wharves,  piers,  ferry  slips,  sea 
walls  and  other  water-front  structures  built  by  the  Board,  and  accu- 
mulated a  fund  of  information  bearing  on  the  hydrographic  and 
topographic  conditions  of  the  San  Francisco  frontage  that  was  par- 
ticularly valuable  and  made  of  him  an  authority  on  this  subject,  con- 
sulted by  all  who  contemplated  any  engineering  work  in  that  vicinity. 

*  Memoir  prepared  by  the  following  Committee  of  the  San  Francisco  Associa- 
tion of  Members  of  the  American  Society  of  Civil  Engineers :  Frank  G.  White, 
Howard  C.  Holmes,  and  Jerome  Newman,  Members,  Am.  Soc.  C.  E. 
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Mr.  Uhlig  was  a  man  of  high  character,  scrupulous  integrity,  and 
amiable  personal  qualities.  He  had  a  wide  circle  of  friends  in  all  walks 
of  life  and  was  regarded  with  feelings  of  esteem  and  affection  by  all  who 
enjoyed  the  privilege  of  his  friendship.  The  best  tribute  to  his  ability 
as  an  engineer  is  the  fact  of  his  having  been  retained  in  his  position  by 
his  employers,  the  Board  of  State  Harbor  Commissioners,  during  the 
political  vicissitudes  of  over  40  years;  though  the  personnel  of  the 
Board  was  changed  repeatedly,  his  thorough  knowledge  of  conditions 
was  considered  invaluable  and  no  attempt  was  made  to  replace  him. 

Mr.  Uhlig  never  married,  and  is  survived  by  two  sisters.  He  had 
been  in  failing  health  for  some  years,  and  his  death  from  heart  disease 
on  May  4th,  1919,  was  not  entirely  unexpected. 

Mr.  Uhlig  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  on  October  7th,  1903. 


BERNT  BERGER,  Assoc.  M.  Am.  Soc.  C.  E. 


Died  January  16th,  1919. 


Bernt  Berger  was  born  in  Drammen,  Norway,  on  July  12th,  1866. 
He  was  graduated  from  the  High  School  there  in  1881,  and  from 
the  Mechanical  Engineering  Branch  of  the  Technical  Institute  of 
Trondhjem,  Norway,  in  1885. 

After  one  year's  employment  in  the  City  Engineer's  Office  in  Dram- 
men, Mr.  Berger  came  to  New  York  City,  arriving  on  September  14th, 
1886,  and  almost  immediately  entered  the  employment  of  the  late 
Theodore  Cooper,  M.  Am.  Soc.  C.  E.,  Consulting  Bridge  Engineer,  with 
whom  he  remained  until  the  latter  retired  from  business  in  1908,  when 
Mr.  Berger  succeeded  to  his  very  important  consiilting  practice,  in 
addition  to  what  he  had  individually  developed  along  similar  lines. 

Mr.  Berger's  great  accuracy  and  careful  methods  of  investigation  and 
sound  treatment  of  technical  subjects  won  for  him  the  complete  con- 
fidence of  Mr.  Cooper  and  his  clients,  and  he  developed  a  great  capacity 
for  handling  successfully  difficult  structural  problems  and  had  respons- 
ible charge  of  many  reports,  investigations,  and  designs.  He  specialized 
largely  in  important  and  long-span  steel  bridges,  general  steel  construc- 
tion, masonry  and  concrete  arch  spans,  reinforced  concrete  con- 
struction, and  substructure  work. 

Among  the  important  structures  with  which  Mr.  Berger  was 
connected  may  be  mentioned  the  Quebec  Bridge,  the  New  York  Public 
Library  Building,  the  New  York  City  Elevated  Railroad  structures,  and 

.     *  Memoir  prepared  by  Frank  W.   Skinner,   M.  Am.  Soc.  C.  E. 
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important  bridges  for  many  railroad  companies,  including  some  in 
South  America  and  in  Japan.  He  also  specialized  in  examinations  and 
recommendations  for  the  safety  of  existing  structures  and  for  difficult 
repair  and  reconstruction  work  that  was  of  great  value  to  the  engineers, 
contractors,  and  architects  who  were  his  clients.  He  was  associated 
with  much  of  the  recent  New  York  City  subway  construction,  having 
been  retained  to  supervise  the  steelwork  on  several  important  sections. 

Few  of  his  clients  failed  to  re-engage  him  whenever  they  had  sub- 
sequent work  in  his  field.  He  was  employed  frequently  by  the  New 
York  Edison  Company  and  the  Edison  Electric  Illuminating  Company, 
of  Brooklyn,  The  Dayton  Light  and  Power  Co.,  The  Utica  Gas  and 
Electric  Co.,  The  Underpinning  and  Foundation  Company,  The  TJ.  S. 
Realty  and  Improvement  Company,  The  Cranford  Company,  of  Brook- 
lyn, Holbrook,  Cabot  and  Rollins,  The  Pennsylvania  Shipbuilding 
Company,  The  New  York  Tunnel  Company,  and  many  other  companies 
and  individuals  were  included  among  his  clients. 

Mr.  Berger  was  a  Past-President  of  the  Brooklyn  Engineers'  Club,  a 
member  of  the  Engineers'  Club  of  New  York,  the  American  Society  for 
Testing  Materials,  and  of  the  American  Concrete  Institute.  He  was 
also  the  Permanent  Chairman  of  the  Trondhjem  Technical  Club  and 
a  member  of  the  Crescent  Athletic  Club,  of  Brooklyn,  and,  for  many 
years,  one  of  the  Board  of  Managers  and  Treasurer  of  the  Norwegian 
Lutheran  Deaconesses  Home  and  Hospital,  a  Trustee  of  the  Norwegian 
Sailors'  Church,  Director  of  the  Norwegian  Society,  and  Secretary  of 
the  Hospital  Saturday  and  Sunday  Association,  all  of  Brooklyn,  N.  Y. 

Mr.  Berger  was  fond  of  outdoor  life  and  sports,  including  golf, 
sailing,  bicycling,  and  skeeing.  Although  of  a  studious  disposition, 
with  cultivated  literary  taste,  he  found  time  for  much  social  relaxation 
with  a  large  circle  of  warm  friends  who  claimed  all  his  leisure  moments. 
He  was  especially  devoted  to  the  interests  of  all  his  fellow  engineers  and 
never  failed  to  lend  a  kindly  hand  and  to  have  an  encouraging  word  for 
the  younger  members  of  the  Profession,  many  of  whom  he  established  in 
positions  among  his  numerous  friends  and  clients.  His  purse  was 
always  open  to  the  necessities  of  struggling  young  engineers  or  students, 
and  he  befriended  many  of  them,  especially  those  who  had  arrived  from 
abroad  with  only  a  few  friends  and  no  experience  in  this  country. 
Mr.  Berger  lived  in  Brooklyn  for  twenty -five  years ;  he  was  never 
married,  and  is  survived  by  one  brother  in  New  York  City  and  two 
brothers  in  Norway. 

By  his  death  on  January  16th,  1919,  the  Society  has  been  deprived 
of  an  able,  vigorous  member,  always  ready  to  devote  his  utmost  efforts 
and  zeal  for  its  benefit;  the  Profession  of  Civil  Engineering  has  lost 
a  scholar,  designer,  and  constructor;  his  clients  have  been  deprived  of 
notable  skill  and  practical  ability  and  unusually  reliable  services  that 
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were  always  rendered  with  the  utmost  care  and  thoroughness  on  every 
occasion;  while  his  numerous  friends  can  never  forget  the  genial  com- 
radeship and  hearty  affection  that  endeared  him  beyond  the  ordinary 
to  all  with  whom  he  came  in  close  and  sympathetic  touch, 

Mr.  Berger  was  elected  an  Associate  Member  of  the  American  Society 
of  Civil  Engineers  on  April  5th,  1893. 


WILLIAM  BLAIR  BOVYER,  Assoc.  M.  Am.  Soc.  C.  E.* 


Died  July  20th,  1918. 


William  Blair  Bovyer,  the  son  of  Edward  Bovyer  and  Anna 
(Kearse)  Bovyer,  was  born  in  San  Francisco,  Cal.,  on  March  16th, 
1887.  He  received  his  elementary  education  in  the  public  schools  of 
San  Francisco  and  attended  the  Mission  High  School  of  that  city,  from 
which  he  was  graduated  in  1905  and  entered  the  University  of  California 
with  the  intention  of  studying  law.  Mr,  Bovyer  soon  found,  however, 
that  engineering  had  a  stronger  appeal  for  him.  He  left  the  study  of  law 
and  began  a  course  in  Civil  Engineering  from  which  he  was  graduated 
in  1910  with  the  degree  of  B.  S. 

For  the  first  two  years  following  his  graduation,  Mr.  Bovyer  worked 
successively  for  the  Pacific  Rolling  Mill  Company,  Dyer  Brothers  Iron 
Works,  the  United  Railroads  of  San  Francisco,  Selby  Smelting  Co.,  and 
Maurice  C.  Couchet,  M.  Am.  Soc.  C.  E,,  Consulting  Engineer, 

In  1912,  he  became  connected  with  the  City  Engineer's  Office  of 
San  Francisco,  where  he  attained  the  grade  of  Assistant  Engineer. 
He  worked  on  most  of  the  city's  important  engineering  works  of  that 
period  and  made  many  of  the  drawings  and  designs  of  the  tunnels, 
sewer  systems,  water-works,  and  other  structures  constructed  by  the  city. 

In  1917,  Mr.  Bovyer  was  granted  a  leave  of  absence  from  the  City 
Engineer's  office  and  became  connected  with  the  work  of  the  Board  of 
State  Harbor  Commissioners  of  San  Francisco,  where  he  was  employed 
until  his  death.  During  this  time  he  was  engaged  in  the  design  of  all 
classes  of  water-front  structures  such  as  piers,  wharves,  buildings,  etc. 

Mr.  Bovyer  was  a  man  who  always  put  his  best  efforts  into  his 
work,  and  the  record  which  he  made  proves  that  he  made  no  mistake  in 
his  choice  of  a  profession.  He  was  a  man  of  pleasing  personality  and 
in  all  of  his  personal  and  professional  relations  his  outstanding  char- 
acteristics were  kindness  and  complete  sincerity  and  frankness.     His 

*  Memoir  prepared  by  the  following  Committee  of  the  San  Francisco  Associa- 
tion of  Members  of  the  American  Society  of  Civil  Engineers  :  Frank  G.  White,  M. 
Am.  Soc.  C.  E.,  and  Leon  H.  Nishkian,  Assoc.  M.  Am.  Soc.  C.  E. 
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joyous  outlook  on  life  and  its  many  problems  always  acted  as  an 
inspiration  and  a  tonic  to  all  who  came  in  contact  with  him.  His  genial 
nature  will  be  long  remembered  by  his  friends. 

In  August,  1915,  Mr.  Bovyer  was  married  to  Miss  Cora  Niedor,  who, 
with  two  daughters,  Ruth,  age  four,  and  Patricia,  age  one,  survive  him, 

Mr.  Bovyer  was  elected  a  Junior  of  the  American  Society  of  Civil 
Engineers  on  October  1st,  1913,  and  an  Associate  Member  on  Septem- 
ber 12th,  1916. 

ROBERT  EDWARD  DAKIN,  Assoc.  M.  Am.  Soc.  C.  E.* 


Died  December  15th,  1918. 


Robert  Edward  Dakin  was  born  at  Gaylordsville,  Conn.,  on  July  2d, 
1888.  He  was  graduated  from  the  New  Milford  High  School  in 
1906,  and  three  years  later  received  the  degree  of  Bachelor  of  Science 
(Civil  Engineer)  from  the  Sheffield  Scientiiic  School  of  Yale  University. 
In  the  fall  of  1909,  following  his  graduation  from  Yale,  Mr.  Dakin 
entered  the  service  of  the  New  York,  New  Haven,  and  Hartford  Rail- 
road, in  charge  of  electric  railway  construction. 

Mr.  Charles  S.  Mellen,  then  President  of  the  New  Haven  Railroad, 
in  an  endeavor  to  carry  out  his  great  plan  of  a  unified  transportation 
system  for  New  England,  had  acquired  for  feeders  to  the  steam  and 
water  lines  an  extensive  system  of  trolleys,  and,  until  April,  1917,  Mr. 
Dakin  was  engaged  in  the  reconstruction  of  many  of  these  properties, 
the  construction  of  extensions  and  connecting  links,  and,  in  the  latter 
half  of  the  period,  in  the  preparation  of  maps,  land  records,  mileage  and 
tax  reports,  appraisals,  and  other  forms  of  data,  for  submission  to  the 
various  commissions  having  jurisdiction  or  interest  in  various  features 
of  the  property. 

In  detail  may  be  mentioned  surveys  and  estimates  for  the  construc- 
tion of  about  20  miles  of  new  trolley  line  and  for  the  relocation  of 
several  smaller  sections;  the  surveys  and  estimates  for  an  8-mile,  wood 
pole,  transmission  line  and  for  an  11-mile,  steel  tower  line,  including 
the  construction  of  the  former;  the  construction  of  car-houses  at  Derby 
and  New  Haven;  of  freight-houses  at  Ansonia,  Naugatuck,  New  Haven, 
and  Waterbury;  the  enlargement  of  the  Bridgeport  steam  station;  the 
improvements  and  additions  to  the  Bulls  Bridge  hydro-electric  plant, 
the  latter  work,  although  not  of  great  magnitude,  called  for  a  high 
degree  of  ability  and  ingenuity,  as  the  new  penstock  and  stand-pipe 
with  the  concrete  pier  in  the  tail-race,  and  the  new  head  and  fore- 
bay  gates,  had  to  be  installed  with  practically  no  interference  with 
*  Memoir  prepared  by  Charles  Rufus  Harte,  M.  Am.  Soc.  C.  E. 
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the  operation  of  the  plant,  the  operating  head  of  108  ft.  making  the 
tail-race  work  which  came  just  at  the  ends  of  the  draft  tubes,  par- 
ticularly difficult;  the  construction  of  a  reinforced  highway  bridge  over 
the  penstocks  and  the  widening  of  the  canal  for  several  hundred  feet, 
also  had  their  difficulties,  but  to  a  less  degree.  Of  Mr.  Dakin's  office 
work  may  be  mentioned  the  design  and  estimates  for  a  4  000-kw.,  40-ft. 
head,  hydro-electric  plant,  and  appraisals  of  the  power  plants,  car- 
houses,  and  other  buildings  and  structures  of  the  trolley  line  between 
New  London  and  the  Massachusetts  State  Line,  of  the  entire  property 
of  the  Westport  Water  Company,  and  of  many  smaller  groups  of 
trolley  properties  of  The  Connecticut  Company. 

Successively  filling  positions  of  steadily  increasing  responsibility, 
Mr.  Dakin's  work  came  to  the  attention  of  the  interests  which  had  just 
purchased  the  Housatonic  Power  Company  for  the  New  York,  New 
Haven,  and  Hartford  Railroad,  and,  in  April,  1917,  he  went  with 
them,  successfully  handling  the  purchase  of  much  right  of  way  and 
the  adjustment  of  changes  of  highways  and  bridges,  necessary  for  the 
construction  of  a  75-ft.  head,  24  000-kw.  capacity,  hydro-electric  plant 
on  the  Housatonic  River,  at  Stevenson,  Conn.  Later,  when  construc- 
tion started,  Mr.  Dakin  was  transferred  to  the  J.  A.  P.  Crisfield 
Contracting  Company,  and,  as  Assistant  Engineer,  had  charge  of  all 
surveys,  maps,  and  highway  changes,  the  latter  involving  a  number  of 
country  roads  and  some  State  highways.  In  connection  with  the  latter, 
Mr.  Dakin  constructed  over  the  Pomperaug  River  a  reinforced  con- 
crete cantilever  bridge  of  arch  form,  with  a  central  span  of  90  ft.,  and 
semi-arches  45  ft.  long  on  either  side,  the  design  being  the  joint  work 
of  Mr.  Dakin  and  R.  L.  Saunders,  Deputy  State  Highway  Commissioner 
of  Connecticut.  The  pool,  10  miles  in  length,  fills  a  narrow  valley  with 
steep  hills  and  deep  intersecting  ravines  on  each  side,  making  surveys 
difficult  and  the  determination  of  the  economic  relocation  of  the  dis- 
turbed highways  a  problem  calling  for  engineering  ability  of  high 
order,  while  the  natural  difficulties  of  the  field  work  were  greatly 
increased  by  the  fact  that  most  of  it  had  to  be  done  during  the  severe 
winter  of  1917-18. 

Mr.  Dakin  was  completing  this  work,  and  had  organized  the  forces 
and  was  directing  the  surveys  of  other  power  and  storage  projects, 
when,  after  a  very  brief  illness,  he  died  at  Danbury,  Conn.,  on  December 
15th,  1918,  a  victim  of  the  influenza  epidemic  of  that  winter.  On 
September  13th,  1913,  he  was  married  to  Marion  Evans,  of  Gaylords- 
ville,  Conn.,  who,  with  a  son,  Theodore,  born  on  November  11th,  1916, 
survives  him.  Another  son,  Edward,  born  on  January  28th,  1918,  and 
Mrs.  Dakin's  mother  died  within  a  few  hours  of  Mr.  Dakin. 

"Rob"  Dakin,  as  he  was  best  known  to  his  friends,  was  a  man  of 
engaging   personality,   combining   to    a   rare   degree   technical   ability, 


372  MEMOIR  OF  ROBERT  EDWARD  DAKIN  [Memoirs. 

executive  capacity,  and  a  "sunshiny"  disposition  next  to  impossible  to 
ruffle.  Although  cut  down  at  little  more  than  the  beginning  of  a  career 
of  great  promise,  he  left  no  small  monument  in  good  work  well  done, 
and  in  the  hearts  of  his  friends  an  undying  memory. 

Mr.  Dakin  was  elected  a  Junior  of  the  American  Society  of  Civil 
Engineers  on  December  2d,  1914,  and  an  Associate  Member  on  January 
15th,  1917. 


PAPERS   IN  THIS  NUMBER 


SECOND  PROGRESS  REPORT  OF  THE  COMMITTEE  TO  REPORT  ON  STRESSES 

IN  RAILROAD  TRACK." 
A  NOVEL  METHOD  OF  REPAIRING  A  SWING  BRIDGE.  "    Herbert  C.  Keith. 


PAPERS  AND  DISCUSSIONS  CURRENT  IN  PROCEEDINGS 


"  Cement  Joints  for  Cast-iron  Water  Mains."    Clark  H.  Shaw Mar.,  1917 

Discussion May,  Aug.,     " 

Pinal  Report  of  the  Special  Committee  on  Steel  Columns  and  Struts Dec,  " 

Discussion Feb..  Mar.,  Apr.,  Aug.,  Oct.,  1918 

"  Emergency  Construction  Work  Due  to  War  Conditions,  With  Especial 
Reference  to  the  Construction  Division  of  the  Army."    George  W. 

Fuller May,  " 

"The  National  Railroad  Question  of  To-Day."    Francis  Lee  Stuart Feb.,  1919 

Discussion Mar.,  Apr.,  May,  " 

•' On  a  New  Principle  in  the  Theory  of  Structures."     George  F.Swain Mar.,  " 

Discussion May,  Aug.,  Sept.,  Oct.-Nov.-Dec,  1919,  Feb.,  1920 

"  Sewage  and  Wastes  Disposal  for  the  United  States  Army."    Leonard  S. 

PoTEN May,  1919 

Discussion Aug.,  Sept.,  Oct.-Nov.-Dec,  1919,  Jan,  1920 

The  Proposed  New  York  and  New  Jersey  Vehicular  Tunnel:    An  Informal 

Discussion May,  Aug.,  1919 

American  Highways:   An  Informal  Discussion May,  Aug.,  Oct.-Nov.-Dec,  " 

"  Water  Supply  for  the  Camps,  Cantonments  and  Other  Projects  Built  by 
the  Construction  Division  of  the  United  States  Army."    Dabney  H. 

Maury , Aug.,  " 

Discussion Sept.,  Oct.-Nov.-Dec,  1919,  Jan.,  1920 

"  Contracts— A  Comparison   of  'Cost  Plus'  with  Other  Forms. "    Ernest 

Wilder  Clarke Aug.,  1919 

Discussion Oct.-Nov.-Dec,  1919.,  Feb.,  1920 

"  Physiography  of  Water-Sheds  and  Channels,  and  Analysis  of  Stream  Ac= 
tion  of  Southern  California  Rivers,  with  Reference  to  the  Prob- 
lems of  Flood  Control."    A.  L.  Sonderegger Aug.,  1919 

Discussion Oct.-Nov.-Dec,  " 

"  Comprehensive  Plotting   of  Water  Turbine   Characteristics."    Karl  R. 

Kennison Aug.,  " 

"  The  Silt  Problem  of  the  Zuni  Reservoir."     H.  F.  Robinson Aug.,  " 

Discussion Oct.-Nov.-Dec,  1919,  Feb.,  1920 

"  The  Accuracy  of  Water  Level  Recorders  and  Indicators  of  the  Float  Type." 

J.  C.  Stevens Aug..  1919 

Is  It  Advisable  to  Establish  a  National  Department  of  Public  Works  ?:    An 

Informal  Discussion Oct.-Nov.-Dec,  " 

"  Experiments    on  the  Flow  of  Water  Through  Contractions  in  an   Open 

Channel."    E.  W.  Lane Oct.-Nov.-Dec,  " 

"  The  Production  of  Toluol  from  Gas  Plants."    Myron  S.  Falk... Oct.-Nov.-Dec,  " 

Discussion , Feb.,  1920 

"  Grouting  Operations,   Catskill   Water  Supply."    James  E.  Sanborn  and 

M.  E.  Zipser Jan.,  " 

"  The  '  Light  Railways'  of  the  Battle  Front  in  France."    Frank  G.  JoNAH.Jan.,  " 


PAPERS   IN  THIS  NUMBER 


••  SECOND  PROGRESS  REPORT  OF  THE  COMMITTEE  TO  REPORT  ON  STRESSES 

IN  RAILROAD  TRACK." 
"  A  NOVEL  METHOD  OF  REPAIRING  A  SWING  BRIDGE."    Herbert  C.  Keith. 


PAPERS  AND  DISCUSSIONS  CURRENT  IN  PROCEEDINQS 


"  Cement  Joints  for  Cast-iron  Water  Mains."    Clare  H.  Shaw Mar.,  1917 

Discussion May,  Aug.,    " 

Pinal  Report  of  the  Special  Committee  on  Steel  Columns  and  Struts Dec,  " 

Discussion Feb.,  Mar.,  Apr.,  Aug.,  Oct.,  1918 

"  Emergency  Construction  Work  Due  to  War  Conditions,  With  Especial 
Reference  to  the  Construction  Division  of  the  Army."    Georsb  W. 

Fuller May,  " 

"  The  National  Railroad  Question  of  To-Day."    Frakcis  Lee  Stuart Feb.,  1919 

Discussion Mar.,  Apr.,  May,  " 

*«  On  a  New  Principle  in  the  Theory  of  Structures."    George  F.  Swain Mar.,  " 

Discussion May,  Aug.,  Sept.,  Oct.-Nov.-Dec,  1919,  Feb.,  1920 

"  Sewage  and  Wastes  Disposal  for  the  United  States  Army."    Leonard  S. 

DoTEN May,  1919 

Discussion Aug.,  Sept.,  Gct.-NoT.-Dec,  1919,  Jan,  1920 

The  Proposed  New  York  and  New  Jersey  Vehicular  Tunnel :    An  Informal 

Discussion May,  Aug.,  1919 

American  Highways:   An  Informal  Discussion May,  Aug.,  Oct.-Nov.-Dec,  " 

"Water  Supply  for  the  Camps,  Cantonments  and  Other  Projects  Built  by 
the  Construction  Division  of  the  United  States  Army."    Dabney  H. 

Maury Aug.,  " 

Discussion Sept.,  Oct.-Nov.-Dec,  1919,  Jan.,  1920 

"  Contracts— A  Comparison   of  'Cost  Plus'  with  Other  Forms."    Ernest 

Wilder  Clarke Aug.,  1919 

Discussion Oct.-Nov.-Dec,  1919.,  Feb.,  1920 

*'  Physiography  of  Water-Sheds  and  Channels,  and  Analysis  of  Stream  Ac- 
tion of  Southern  California  Rivers,  with  Reference  to  the  Prob- 
lems of  Flood  Control."    A.  L.  Sonderegger Aug.,  1919 

Discussion Oct.-Nov.-Dec,  " 

"  Comprehensive  Plotting   of  Water  Turbine   Characteristics."    Karl  R. 

Kennison Aug.,  " 

"  The  Silt  Problem  of  the  Zuni  Reservoir."    H.  F.  Robinson Aug.,  " 

Discussion Oct.-Nov.-Dec,  1919,  Feb.,  1920 

"  The  Accuracy  of  Water  Level  Recorders  and  Indicators  of  the  Float  Type." 

J.  C.  Stevens Aug..  1919 

is  It  Advisable  to  Establish  a  National  Department  of  Public  Works?:   An 

Informal  Discussion Oct.-Nov.-Dec,  " 

*'  Experiments   on  the  Flow  of  Water  Through  Contractions  in  an   Open 

Channel."    E.  W.  Lane Oct.-Nov.-Dec,  '* 

•'  The  Production  of  Toluol  from  Gas  Plants."    Myron  S.  Falk. ..Oct.-Nov.-Dec,  " 

Discussion Feb.,  1920 

"  Grouting  Operations,  Catskill  Water  Supply."    James  E.  Sanborn  and 

M.  E.  ZiPSER Jan.,  " 

*'  The  'Light  Railways'  of  the  Battle  Front  in  France."    Frank  G.  Jonah.  Jan.,  " 


PROCEEDINGS 


OF  THE 


AMERICAN  SOCIETY 


OP 


CIVIL  ENGINEERS 


VOL.  XLVI— No.  3 


AMERICAN 
SOCIETY  OF 

CIVIL 

L  ENGINEERS  i 

^FOUNDEDi 

J852i 


March,    1920 


Published  by  the  American  Society  of  Clvfl  Engineers  at  lt«  Headquarters, 
33  West  Thirty-ninth  Street,  New  York,  the  Fourth  Wednesday 

of  each  Month,  except  June  and  July.  


Cooyrighted  1920,  by  the  American  Society  of  Civil  Engineers. 

BnterTas  Second-Class  Matter.  December  14th    1896   at  the  Post  Offlc 

at  New  York,  N.  Y.,  under  the  Act  of  March  3d,  1879. 

Acceptance  for  mailing   at   special   rate   of  postage  provided   for   in   Section   1108. 

'^  Act  of  October  3d.  1917,  authorized  on  July  5th,  1918. 

Subscription,  $8  per  annum. 


PROCEEDINGS 


OF  THE 


AMERICAN  SOCIETY 


OP 


CIYIL  ENGINEEES 

(INSTITUTED  1852) 


VOL.    XL VI— No.    3 

MARCH,   1920 


Edited  by  the  Secretary,  under  the  direction  of  the  Committee  on  Publications. 

Reprints  from  this  publication,  which  is  copyrighted,  may  be  made  on  condition  that 

the  full  title  of  Paper,  name  of  Author,  page  reference,  and  date 

of   presentation   to   the   Society,   are   given. 


CONTENTS 


Society  Affairs Pages  325  to  896. 

Papers  and  Discussions Pages  373  to  522. 


NEW  YORK  1920 

Entered  according  to  Act  of  Congress,  in  the  year  1920,  by  the  American  Socibtt  oi' 
CiVTL  ENGiisrEERS,  in  the  office  of  the  Librarian  of  Congress,  at  Washington. 


Imijntmt    mckb  of  |;t!il  £ 


ngtHM^ 


OFFICERS    FOR    1920 

President,  ARTHUR  P.  DAVIS 

Vice-Presidents 

Term  expires  January,  1921 :  Term  expires  January,  1922 : 


HERBERT   S.  CROCKER 
LEONARD  METCALF 


ROBERT  A.   CUMMINGS 
FRANCIS   LEE   STUART 


Secretary,  CHARLES  WARREN  HUNT 
Treasurer,  ARTHUR  S.  TUTTLE 


Term  expires  January, 

1921 : 
EDWIN  J.   FORT 
ANDREW  M.   HUNT 
SAMUEL  T.  WAGNER 
EDWARD   E.  WALL 
MILO   S.   KETCHUM 
HARRY  HAWGOOD 


Directors 
Term  expires  January, 

1922  : 
GEORGE   H.   CLARK 
J.   S.   LANGTHORN 
CHARLES  C.   ELWELL 
WILLARD  BEAHAN 
JOHN  W.   ALVORD 
C.  E.  GRUNSKY 


Term  expires  January, 

1923: 
CARLETON   GREENE 
CLARENCE  W.  HUDSON 
JOHN  A.   O'CONNOR 
J.   C.   HOYT 
ANSON   MARSTON 
D.   C.   HENNY 


Past-Presidents,  Members  of  the  Board : 
CHARLES  D.  MARX 
CLEMENS  HERSCHEL  ARTHUR  N.   TALBOT 

GEORGE  H.   PEGRAM  F.   S.  CURTIS 


Standing    Committees 

(The  President  of  the  Society  is  ex  offlcio  Member  of  all  Committees) 


On  Finance: 
HERBERT  S.  CROCKER 
FRANCIS  LEE  STUART 
GEORGE   H.   CLARK 
HARRY   HAWGOOD 
J.   C.  HOYT 


On  Publicatio7is : 
CHARLES  C.   ELWELL 
ANDREW  M.   HUNT 
CLARENCE  W.  HUDSON 
J.   S.   LANGTHORN 
M.   S.  KETCHUM 

On  Special  Committees: 
JOHN  W.   ALVORD 
ANSON  MARSTON 
LEONARD  METCALF 


On  Library: 

ROBERT  A.   CUMMINGS 
JOHN   A.    O'CONNOR 
CARLETON   GREENE 
WILLARD   BEAHAN 
CHAS.  WARREN  HUNT 


Special    Committees 

To  Codify  Present  Practice  on  the  Bearing  Value  of  Soils  for  Founda- 
tions, ETC. :  Robert  A.  Cummings,  Edwin  Duryea,  E.  G.  Haines,  Allen  Hazen,  James 
C.  Meem,  Walter  J.  Douglas. 

On  the  Regulation  of  Water  Rights  :  F.  H.  Newell,  W.  C.  Head,  John  H.  Lewis. 

To  Report  on  Stresses  in  Railroad  Track  :  A.  N.  Talbot,  A.  S.  Baldwin, 
G.  H.  Bremner,  John  Brunner,  W.  J.  Burton,  Charles  S.  Churchill,  W.  C.  Gushing, 
W.  M.  Dawley,  Robert  W.  Hunt,  J.  B.  Jenkins,  George  W.  Kittredge,  Paul  M. 
LaBach,  C.  G.  E.  Larsson,  G.  J.  Ray,  Albert  F.  Reichmann,  H.  R.  Safiford, 
Earl  Stimson,  F.  E.  Turneaure,  J.  E.  Willoughby. 

On  Highway  Engineering  :  H.  Eltlnge  Breed,  George  W.  Tlllson,  A.  B.  Fletcher. 


The  Reading  Room  of  the  Society  Is  open  from  9  a.  m.  to  10  p.  m.  every  day, 
except  Sundays,  New  Year's  Day,  Memorial  Day,  Fourth  of  July,  Labor  Day, 
Thanksgiving   Day,   and   Christmas   Day  ;  during  July  and  August,  it  is  closed  at  6  p.  m. 

Headquarters  of  the  Society — 33  West  Thirty-ninth  Street,  New  York. 

Telephone  Number 4600   Vanderbilt. 

Cable  Address "Ceas,  New  York." 


Vol.  XLVI.  MARCH,  1920.  No.  3. 


AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

INSTITUTED    1852 


PROCEEDINGS 

This  Society  is  not  responsible  for  any  statement  made  or  opinion  expressed 
in  its  publications. 


SOCIETY   AFFAIRS 

CONTENTS 

Minutes  of  Meetings:  Page 

Of  the  Society,  February  18th  and  March  3d,  1920 325 

Of  the  Boardof  Direction,  March  9th,  1920 ' 327 

Address  by  Thomas  C.  Desmond,  Assoc.  M.  Am.  Soe.  C.  E 328 

Items  of  Interest ' 332 

Announcements : 

Hours  during  which  the  Society  House  is  open 354 

Future  Meetings 354 

Engineering  Societies  Employment  Bureau 354 

Searches  in  the  Library 354 

Papers  and  Discussions 355 

Local  Associations  of  Members  of  the  American  Society  of  Civil  Engineers 355 

Privileges  of  Engineering  Societies  Extended  to  Members 368 

New  Books 369 

Membership  (Additions,  Reinstatements,  Resignations,  Deaths) 373 

Recent  Engineering  Articles  of  Interest 877 


MINUTES  OF   MEETINGS 
OF  THE  SOCIETY 


February  i8th,  1920. — The  meeting  was  called  to  order  at  8.30  P.  M.; 
President  Arthur  P.  Davis  in  the  chair;  Herbert  S.  Crocker,  Vice- 
President,  acting  as  Secretary;  and  present,  also,  226  members  and 
guests. 

The  President  announced  an  address  by  M.  0.  Leighton,  M.  Am. 
Soc.  C.  E.,  to  be  delivered  the  following  evening  in  the  Auditorium 
of  the  Engineering  Societies  Building  on  the  subject  "The  Engineer 
as  a  Citizen — Are  You  a  Real  Citizen,  or  Do  You  Just  Live  Here?" 

The  speaker  of  the  evening,  Thomas  C.  Desmond,  Assoc.  M.  Am. 
Soc.  C.  E.,  was  introduced  by  President  Davis,  and  addressed  the  meet- 
ing informally  on  the  subject  "Human  Elements  in  Modern  Industrial 
Management."*  The  talk  was  illustrated  by  many  views  of  the  work 
done  at  the  Newburgh  Shipyards,  Inc.,  of  which  Mr.  Desmond  is  Presi- 
dent.    Evidence  of  the  great  interest  aroused  in  the  address,  was  shown 

*  See  page  328. 
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by  the  many  questions  asked  at  its  conclusion,  giving  Mr.  Desmond 
further  opportunity  to  explain  fully  the  details  of  the  radical  methods 
adopted  in  his  management  of  the  labor  situation  at  the  Newburgh 
Yards. 

The  Secretary  announced  the  following  deaths : 

Theodore  Boyden  Ford,  of  Bridgeport,  donn.,  elected  Member, 
December  6th,  1905 ;  died  February  2d,  1920. 

George  Sullivan  Morrill,  of  Penacook,  N.  H.,  elected  Member, 
March  2d,  1887 ;  died  February  9th,  1920. 

Robert  Winthrop  Pratt,  of  Cleveland,  Ohio,  elected  Member,  June 
6th,  1911 ;  died  February  2d,  1920. 

Edwin  Foster  Smith,  of  Philadelphia,  Pa.,  elected  Member,  June 
5th,  1895 ;  died  January  26th,  1920. 

Willis  Benton  Wright,  of  New  Orleans,  La.,  elected  Member, 
November  3d,  1897 ;  died  November  16th,  1919. 

Ray  Rolph  Palmer,  of  Eagle  Rock,  Gal.,  elected  Associate  Member, 
October  10th,  1916 ;  died  December  25th,  1919. 

Adjourned. 

March  3d,  1920. — The  meeting  was  called  to  order  at  8.30  p.  m.  ; 
Vice-President  Herbert  S.  Crocker  in  the  chair  and  acting  as  Secretary; 
and  present,  also,  169  members  and  guests. 

In  the  absence  of  the  author,  a  paper  by  Frank  G.  Jonah, 
M.  Am.  Soc.  C.  E.,  formerly  Lt.-Colonel,  Engineers,  TJ.  S.  A., 
entitled  "The  'Light  Railways'  of  the  Battle  Front  in  France",  was 
read  by  J.  P.  J.  Williams,  Assoc.  M.  Am.  Soc.  C.  E.  The  subject  was 
discussed  by  H.  F.  Dunham,  M.  Am.  Soc  C.  E.,  who  illustrated  his 
remarks  by  motion  pictures,  and  Messrs.  F.  W.  Perry,  F.  A.  Molitor, 
T.  Kennard  Thomson,  F.  A.  Snyder,  M.  E.  Pumphrey,  H.  L.  Hoyt, 
C.  Raymond  Hulsart,  and  W.  B.  Poland. 

Written  discussions  were  received  from  Messrs.  William  Wren  Hay, 
F.  W.  Green,  W.  J.  Wilgus,  and  Maj.-Gen.  William  M.  Black,  U.  S.  A. 
(Retired),  but,  on  account  of  the  lateness  of  the  hour,  were  not  read. 

The  Chairman  announced  the  following  deaths : 

Charles  Emerson  Gregory,  of  East  Orange,  N.  J.,  elected  Junior, 
October  6th,  1896;  Associate  Member,  March  6th,  1901;  Member, 
June  19th,  1918 ;  died  February  21st,  1920. 

Thomas  Hooker  Loomis,  of  Steubenville,  Ohio,  elected  Member, 
January  7th,  1903;  died  February  11th,  1920. 

Alexander  MoClure  Lupfer,  of  Portland,  Ore.,  elected  Member, 
November  1st,  1905;  died  February  3d,  1920. 

Samuel  Clarence  Thompson,  of  New  York  City,  elected  Member, 
February  6th,  1889 ;  died  February  28th,  1920. 

Adjourned. 
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OF  THE  BOARD  OF   DIRECTION 

(Abstract) 

March  9th,  1920.— The  Board  met  at  11  P.  51.,  immediately  after  the 
adjournment  of  the  Membership  Committee;  President  Davis  in  the 
chair;  H.  S.  Crocker,  Acting  Secretary;  and  present,  also,  Messrs. 
Clark,  Elwell,  Greene,  Hudson,  Ketchum,  Langthorn,  Pegram,  Tuttle, 
and  Wagner. 

Ballots  for  membership  were  canvassed  resulting  in  the  election  of 
17  Members,  55  Associate  Members,  1  Associate,  and  12  Juniors,  and 
the  transfer  of  12  Juniors  to  the  grade  of  Associate  Member. 

One  Associate  was  transferred  to  the  grade  of  Associate  Member, 
and  24  Associate  Members  were  transferred  to  the  grade  of  Member. 

A  report  from  the  Membership  Committee  was  received  and  acted 
upon. 

Adjourned. 
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HUMAN  ELEMENTS  IN  MODERN  INDUSTRIAL 
MANAGEMENT 

Address  by  Thomas  C.  Desmond,  Assoc.  M.  Am.  Soc.  C.  E., 
AT  THE  Meeting  of  the  Society,  February  18th,  1920. 


The  following  abstract  of  the  informal  address  by  Thomas  C. 
Desmond,  Assoc.  M.  Am.  Soc.  C.  E.,  presented  at  the  New  York  Meet- 
ing of  the  Society  on  February  18th,  1920,  includes  the  points  empha- 
sized by  the  speaker  in  describing  the  methods  used  in  the  Newburgh 
Shipyards,  Inc.,  of  which  he  is  President.  This  yard  is  located  on  the 
Hudson  River  about  60  miles  above  New  York  City,  at  a  site  particu- 
larly selected  because  of  its  beautiful  view  of  Storm  King  Mountain, 
in  the  belief  that  attractive  surroundings  help  to  maintain  a  higher 
standard  of  personnel  among  the  workers. 

The  shipyard  is  run  as  a  truly  open  shop;  a  number  of  men  belong 
to  the  union,  but  this  is  a  matter  of  indifference  to  the  management. 
If  a  union  delegate  wishes  to  talk  over  any  grievance  he  is  received  with 
exactly  the  same  consideration  as  any  other  worker,  and  no  effort  is 
made  to  discourage  men  from  joining  the  union.  The  right  of  the  men 
to  bargain  collectively  was  recognized  from  the  beginning. 

With  the  feeling  that  the  3  300  workers  should  act  as  one  big  union, 
a  system  of  shop  committees  was  adopted,  three  men  from  each  trade 
being  elected  by  the  workers.  This  Shop  Committee  in  turn  elects  an 
Executive  Committee,  with  a  Chairman  and  Secretary.  It  is  a  real 
functioning  body,  and  representative  along  the  lines  of  the  best  prin- 
ciples of  democratic  government.  Up  through  that  body  come  griev- 
ances of  all  kinds,  many  of  which  are  there  negotiated.  Wages, 
conditions  of  labor,  hours  of  employment,  are  considered.  It  is  a  system 
of  collective  bargaining.  The  men  elect  their  representatives  for  six 
months,  and  it  has  worked  out  well.  Many  ideas  come  from  that  Shop 
Committee,  and  no  man  can  truthfully  say  that  he  does  not  have  any 
chance  to  get  any  ideas  he  may  have  straight  up  to  the  management. 

The  constant  effort  is  to  promote  understanding  between  the 
workers  and  the  management.  The  human  problems  which  had  to  be 
faced  were  really  more  important  than  the  technical  problems.  Start- 
ing at  shipbuilding  overnight,  as  it  were,  it  was  necessary  to  build  up 
a  war-time  organization  of  400  men  when  shipyards  all  over  the  country 
were  confronted  with  the  same  problem  of  finding  skilled  workers. 
Before  the  war  there  were  about  50  000  men  working  in  American  ship- 
yards, and  that  force  had  to  be  expanded  to  450  000  men — really  some 
human  problem. 

Shipbuilding  is  a  highly  technical  business,  including  many  trades 
quite  difficult  for  a  man  to  pick  up.  It  was  first  necessary  to  obtain  a 
nucleus  of  competent  men  from  other  yards,  200  or  300  men,  a  num- 
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ber  of  them  English  or  Scotch  who  had  been  thoroughly  trained  in  the 
shipyards  of  England  or  Scotland.  It  was  quite  a  problem  to  adjust  the 
temperaments  of  those  Englishmen  and  Scotchmen  to  American  labor. 
It  was  recognized  at  once  that  it  was  necessary  to  cultivate  good 
feeling,  so  a  series  of  dinner  parties  and  social  occasions  were  arranged 
to  bring  the  men  together  and  a  large  part  of  the  time  of  the  higher 
executives  was  occupied  bringing  the  foremen  and  superintendents  into 
harmonious  relationship  and  teamwork  with  each  other,  as  well  as  with 
the  workers.  Picnics,  local  excursions,  clambakes,  etc.,  were  effective 
in  bringing  the  men  together  socially. 

From  the  first,  schools  were  conducted  in  the  shipyard,  and  also  night 
schools  in  Newburgh.  Many  Italians,  Poles  and  Hungarians  taken  from 
New  York  construction  work  or  from  the  West  would  work  all  day  at 
the  yard,  and  then  go  to  school  at  night  to  learn  the  shipbuilding  trades, 
where  they  were  taught  caulking,  riveting,  etc.  After  the  work  of  ship 
construction  had  been  started,  one  of  the  four  ways  was  deliberately  set 
aside  for  Tise  as  an  experimental  school,  and  every  man  who  came  into 
the  yard  had  to  go  to  the  school  ship  before  he  was  allowed  to  work  with 
a  regular  gang. 

It  was  necessary,  therefore,  to  have  foremen  for  the  school  ship  who 
had  teaching  ability  as  well  as  sympathy  with  the  men.  To  develop 
this  teaching  ability  a  course  was  given  on  how  to  teach,  and  thus  a 
corps  of  about  fifteen  instructors  was  developed  which  inculcated  a 
great  spirit  of  helpfulness  in  the  yard.  This  seemed  like  an  obvious 
necessity  in  order  to  train  new  men  and  help  to  expand  50  000  skilled 
workers  into  the  450  000  required.  Yet  this  schooling  system  was  not 
applied  generally  elsewhere  for  some  time.  Its  use  made  unnecessary 
the  too  common  practice  of  stealing  men  from  other  shipyards.  The 
men  gained  self-respect,  and  the  ambition  to  go  on  and  do  things.  They 
became  mechanics  instead  of  laborers. 

Men  who  had  never  been  inside  a  shipyard,  such  as  farm-hands  or 
grocery  store  clerks  were  trained  as  first-class  riveters;  in  fact  it  was 
found  that  better  results  were  obtained  by  training  green  men 
thoroughly  than  by  taking  on  structural  steel  workers  who  were  not 
familiar  with  the  kind  of  water-tight  riveting  necessary  in  ship  con- 
struction.    The  men  are  paid  while  they  are  learning. 

Classes  in  English  and  American  history  were  attended  three  nights 
per  week,  and  much  enthusiasm  was  manifested.  About  six  months 
after  these  courses  had  been  organized,  it  was  announced  that  no  orders 
whatever  should  be  given  in  the  yard  in  any  language  but  English.  Six 
months  ago  a  rule  was  made  that  after  three  months  no  man  would  be 
allowed  to  work  in  the  yard  who  was  not  an  American  citizen  or  who 
had  not  at  least  taken  out  his  first  papers.  There  is  not  a  man  on  the 
pay-roll  to-day  who  is  not  an  American  citizen  or  on  the  way  to 
become  one. 
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As  an  illustration  of  the  spirit  in  the  yard,  the  management  during 
the  recent  epidemic  of  influenza  was  able  to  enforce  an  order  that  every 
man  should  have  his  nose  sprayed  daily  with  argerol.  This  is  not  only 
humanitarian,  but  it  is  also  good  business  to  keep  the  men  well  and 
not  have  them  absent,  breaking  up  gangs  and  stopping  production. 
These  little  things  help  greatly.  ■  The  men  are  contented  and  happy. 
The  happier  they  are  in  their  work,  the  better  they  like  it,  and  the  less 
is  the  labor  turnover.  It  is  estimated  that  it  costs  $50  every  time  a  man 
is  hired  and  fired  in  the  Newburgh  shipyard,  and  this  is  probably  a  con- 
servative estimate. 

The  labor  turnover,  sometimes  as  high  as  200%  in  some  industries, 
has  been  kept  very  low  by  these  methods  and  by  furnishing  opportimities 
for  self-expression.  Because  the  efficiency  of  modern  industry  very 
largely  depends  upon  high  production  and  specialization,  the  work  is 
exceedingly  monotonous,  and  the  need  for  some  outlets  to  develop  self- 
respect  is  very  great.  At  Newburgh,  there  has  been  encouraged,  as 
a  means  to  that  end,  the  formation  of  different  athletic  teams,  a  band, 
social  clubs,  dances  and  picnics,  always  managed  exclusively  by  the 
men. 

The  latter  point  is  of  great  importance.  Many  industries  have  a 
so-called  welfare  director  whose  job  it  is  to  go  out  and  promote  good 
feeling  and  arrange  these  affairs.  It  is  always  harmful.  Men  do  not 
want  charity.  They  do  not  want  their  employers  to  interfere  with  their 
lives.  They  do  not  want  to  feel  coddled.  Particular  care  is  taken 
therefore  that  no  one  actively  connected  with  the  management  shall 
have  anything  to  do  with  the  control  of  these  outside  activities.  No 
support,  financially  or  otherwise,  is  given  from  "higher  up". 

There  should  be  in  every  big  industry  something  of  what  might  be 
called  a  college  spirit.  The  by-products  of  college  life  such  as  athletics 
and  other  outside  activities  are  a  great  stimulus  to  enthusiasm  and  the 
right  spirit.  This  same  spirit  can  be  developed  in  industries  if  the  men 
are  allowed  to  run  things  themselves.  For  example,  when  the  baseball 
team  wanted  a  ball  park  they  themselves  went  out  and  borrowed  $6  000 
on  a  joint  note,  bought  the  lumber,  and  on  their  own  time,  with  their 
friends,  put  up  a  grand  stand,  bleachers  and  fence,  also  graded  and 
completed  an  excellent  diamond.  They  run  their  own  games  and  have 
in  one  season  wiped  out  one-third  of  the  debt. 

In  order  to  develop  the  democratic  spirit  in  the  industry,  to  intro- 
duce the  human  element  and  keep  in  sympathy  with  the  men,  one 
method  used  is  Tuesday  afternoon  meetings  of  the  ofiicials  with  all  the 
foremen  and  superintendents.  The  affairs  of  the  Company  are  discussed 
freely ;  if  a  foreman  has  a  criticism  of  some  other  foreman  he  is  supposed 
to  make  it  in  open  meeting,  where  he  can.be  answered  and  the  criticism 
defended.  No  "knocking"  outside  of  these  conferences  is  allowed.  This 
has  been  found  surprisingly  effective  in  preventing  the  little  cliques 
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and  jealousies  often  found  in  large  organizations.  In  addition,  many- 
excellent  ideas  come  from  these  Tuesday  conferences.  The  officials 
of  the  company  become  well  known  to  the  foremen  and  superintendents 
— a  very  great  advantage,  as  these  men  form  the  link  between  the  man- 
agement and  the  workers. 

The  officials  also  go  out  among  the  men  and  make  short  addresses  on 
such  subjects  as  "How  American  Can  Compete  with  English  Ship- 
yards", ^'Problems  of  Management",  "Getting  New  Orders",  etc.,  either 
at  the  lunch  hour  or  at  evening  gatherings.  Most  trouble  comes  from 
lack  of  understanding  and  lack  of  acquaintance,  and  activities  of  the 
Shop  Committee  such  as  running  Liberty  Bond  campaigns  help  greatly. 
While  the  principal  duty  of  shop  committees  is  to  adjust  serious 
grievances  these  come  only  once  a  year  or  so,  and  it  is  best  to  furnish 
other  activities  to  keep  them  functioning. 

On  account  of  the  housing  shortage  in  Newburgh,  the  Company 
built  200  model  houses,  financed  by  borrowing  money  from  the  Govern- 
ment on  mortgage.  These  houses  are  rented  to  both  shipyard  workers 
and  outsiders,  and  a  regular  community  club  controls  all  the  activities, 
the  people  taking  turns  watching  the  children  at  a  common  playground, 
etc.,  co-operating  for  their  own  happiness.  In  order  to  set  a  good  stand- 
ard of  taste,  one  of  the  houses  was  completely  furnished  as  a  model,  the 
department  stores  doing  this  gratis. 

Thus,  while  using  technical  ingenuity  to  improve  methods  of  pro- 
duction, and  to  raise  the  standard  of  construction  as  high  as  possible, 
according  to  the  principles  of  sound  engineering  practice,  at  the  same 
time  endeavor  is  made  never  to  forget  that,  after  all,  the  human  elements 
of  production  are  far  more  important  than  the  materials  produced. 
Every  line  of  industrial  management  might  well  remember  that  the 
humblest  workman  can  have  the  same  reactions  as  the  rest  of  us  to  the 
principles  of  love  and  loyalty  and  human  understanding. 

In  response  to  questions  from  the  floor,  Mr.  Desmond  elaborated 
some  of  the  details  of  the  work  at  Newburgh  as  follows :  The  200  homes 
were  built  by  a  separate  concern,  the  Newburgh  Housing  Corporation, 
the  directors  being  business  men  of  the  town,  dividends  being  limited  to 
5%,  making  rents  about  25%  lower  than  in  the  town;  the  homes  cost 
about  $5  000  apiece  (single  houses).  There  is  no  finer  form  of  profit- 
sharing  than  piece  work,  but  the  rate  once  fixed  for  a  given  operation 
must  never  be  lowered — the  basis  of  payment  must  be  changed  if  neces- 
sary. Contract  work  for  parts  of  the  ship  is  now  being  tried  by  letting 
to  a  gang  on  contract  at  a  certain  fixed  sum.  The  average  mechanic's 
wage  is  $6.40  for  an  8-hour  day  and  with  a  48-hour  week.  More  and 
more  of  a  decentralization  of  industries,  taking  them  from  big  cities 
and  locating  in  small  towns,  is  probable^materials  cost  no  more,  and 
labor  is  more  contented. 
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ITEMS    OF     INTEREST 


The  Committee  on  Publications  will  be  glad  to  receive  communi- 
cations of  general  interest  to  the  Society,  and  will  consider  them 
for  publication  in  Proceedings  in  "Items  of  Interest".  This  is  in- 
tended to  cover  letters  or  suggestions  from  our  membership  covering 
matters  which  are  not  of  a  technical  character.  Such  communica- 
tions, however,  must  not  be  controversial  or  commercial. 


NATIONAL  SERVICE  DEPARTMENT  OF  ENGINEERING  COUNCIL 

In  response  to  frequent  expressions  of  need,  Engineering  Council 
announces  the  establishment  of  a  National  Legislative  and  Depart- 
mental Information  Service  for  engineers  in  all  branches  of  the  Pro- 
fession. Information  relative  to  engineering  statistics,  research,  and 
construction,  as  well  as  of  matters  before  Congress  involving  engineer- 
ing considerations,  will  be  furnished  without  charge  by  addressing 
M.  0.  Leighton,  National  Service  Representative  of  Engineering  Coun- 
cil, 502  McLachlen  Building,  Washington,  D.  C.  This  National  Service 
Department  of  Engineering  Council  announces  that  its  office  at  Wash- 
ington is  open  to  members  of  the  Society  at  all  times,  and  that  accom- 
modations can  be  had  there  at  short  notice  for  committee  meetings  of 
the  Society,  or  of  any  organization  in  which  the  Society  is  interested, 
which  may  be  held  in  Washington. 

UNITED  ENGINEERING  SOCIETY 

Extracts  from  Treasurer's  Annual  Report  for  Year  Ending 

December  31st,   1919 

The  Surplus  Account  on  December  31st,  1918,  showed  a  balance  of 
$5  533.43.  This  amount  has  been  increased  by  the  surplus  from  the 
operating  accounts  during  the  year  of  $9  557.28,  making  a  total  on 
December  31st,  1919,  of  $15  090.71.  Of  this  amount  $10  000  has  been 
transferred  to  Depreciation  and  Renewal  Fund,  leaving  a  balance  in 
Surplus  Account  of  $5  090.71. 

The  Gross  Operating  Expenses  for  the  year  1919  were  $66  812.89, 
as  compared  with  $66  505.57  for  the  year  1918,  an  increase  of  $307.32. 

The  funds  available  for  the  Library  Board,  and  spent  under  its 
direction  during  the  year,  amounted  to  $23  876.64. 

The  funds  available  for  Engineering  Council,  and  spent  under  its 
direction  during  the  year,  amounted  to  $49  012.38,  of  which  $940.07 
remained  unexpended. 

The  General  Reserve  Fund  of  $10  000  created  by  the  Board  of 
Trustees  at  a  meeting  held  November  18th,  1914,  to  be  available  to 
take  care  of  unforeseen  fluctuations  of  income  and  outlay,  has  been 
preserved  intact,  there  arising  no  calls  on  this  fund  during  the 
year  1919. 
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The  Depreciation  and  Renewal  Fund  at  the  beginning  of  the  year 
1919  amounted  to  $86  163.78.  During  the  year  this  fund  has  been 
increased  by  the  sum  of  $4  035.22  for  interest  earned  by  the  invest- 
ments for  this  fund  and  by  $10  000  added  from  the  surplus  at  the  end 
of  the  year,  making  a  total  of  $100  199.00  on  December  31st,  1919. 

In  accordance  with  the  authorization  df  the  Board  of  Trustees,  Feb- 
ruary 27th,  1919,  the  sum  of  $13  000  was  invested  in  Government  of 
United  Kingdom  of  Great  Britain  and  Ireland,  20-year  bonds,  5J's, 
due  February,  1937,  $5  000  being  reinvestment  of  proceeds  from  Beth- 
lehem Steel  Co.,  2-year  Second  Gold  Notes  matured  February  15th, 
1919,  and  $8  000  cash  transferred  from  Surplus  to  the  Depreciation  and 
Renewal  Fund. 

The  following  summary  shows  the  amounts  of  the  funds  held  by 
the  United  Engineering  Society  as  of  December  31st,  1919 : 
Depreciation  and  Renewal  Fund,  December  31st,  1918 ....       $86  163.78 

Interest  on  invested  funds  during  the  year  1919 4  035.22 

Transfer  for  the  year  1919 10  000.00 

Total    $100 199.00 

General  Reserve  Fund $10  000.00 

Engineering  Foundation  Fund 303  374.80 

Library   Endowment    Fund 102  559.70 

Total    $516 133.50 

Treasurer's  Receipts  and  Payments  for  1919 
Receipts 

Cash  on  hand  Januaiy  1st,  1919 $12  869.60 

From  Founder  and  Associate  Societies: 

For    office,    storage,    halls,    telephone,    and 

miscellaneous $76  984.08 

From  Societies  not  in  building: 

For  Halls 5  727.70 

For  Miscellaneous    658.57 

For  Library   15  737.42 

For  Library  Service  Bureau 17  740.65 

For  Library  Recataloging    5  624.99 

For  Engineering    Council 46  958.91 

Interest  collected  on  Bonds  and  Deposits 9  640.75 

Interest  collected  on  Engineering  Foundation 

Bonds    15  324.24 

Maturing  of  $5  000  Bethlehem  Steel  Corpora- 
tion   Bonds    5  000.00 

From  A.  I.  M.  E.,  for  Building  addition 2  500.00 

From  A.  I.  E.  E.,  for  Building  addition 2  500.00 

204  397.31 

Grand  Total $217  266.91 
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Payments 
To  Engineering  Foundation : 

Income   from   investments,  less   collection 

charges    $15  331.74 

For  Govt,  of  Great  Britain  and  Ireland  Bonds  13  169.72 

For  Building  Operating  Expenses 75  350.56 

For  Library   24  209.99 

For  Library   Service   Bureau 17  459.33 

For  Library    Recataloging 4  361.31 

For  Engineering    Council 49  630.48 

For  A.  S.  M.  E.  Notes 5  000.00 

For  A.  S.  M.  E.  Interest  on  Notes 108.49 

For  Collect  charges  and  exchanges 108.11 

Total    Payments 204  729.73 

Cash  on  hand  December  31st,  1919 $12  537.18 

Grand   Total    $217,266.91 

Assets  and  Liabilities 

December  31st,  1919. 

Assets 

Real  Estate $1  947  171.16 

Investments,  Engineering  Foundation  Fund 303  321.25 

Investments,  Library  Endowment  Fund 102  297.50 

Investments,  General  Fund 93  894.72 

Cash   12  637.18 

Accrued  interest  receivable 2  806.88 

Bills  receivable 7  500.00 

Accounts   receivable 8  742.43 

Advances  to  Library  Board 2  602.36 

$2  480  973.48 

Liabilities 

Founders   equity   in   property $1  947  171.16 

Due  to  General  Reserve  Fund 10  000.00 

Due  to  Depreciation  and  Renewal  Fund 100  199.00 

Due  to  Engineering  Foundation  Fund 303  374.80 

Due  to  Library  Endowment 102  559.70 

Bills  payable    "i  500.00 

Library  cataloging,  unexpended  balance 1  472.01 

Library  Service  Bureau,  unexpended  balance 2  666.03 

Engineering  Council,  unexpended  balance 940.07 

Surplus,  December  31st,  1919 5  090.71 

$2  480  973.48 
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Annual  Meeting  of  the  United  Engineering  Society 

The  annual  meeting  of  the  Trustees  of  United  Engineering  Society 
■was  held  in  the  Engineering  Societies  Building,  New  York  City,  on 
January  22d,  1920,  with  13  present. 

To  Charles  F.  Eand,  whose  services  for  six  years  as  Trustee  and 
four  years  as  President  expired  at  this  meeting,  the  American  Society 
of  Mechanical  Engineers  presented  by  the  hand  of  Trustee  McFarland, 
engrossed  resolutions  expressing  appreciation  of  faithful  and  efficient 
labors  for  the  Societies.  The  Trustees  unanimously  voted  to  President 
Rand  their  thanks  for  able  and  generous  services  to  the  United  Engi- 
neering Society. 

Upon  nomination,  the  following  officers  were  elected:  President, 
J.  Vipond  Davies,  M.  Am.  Soc.  C.  E. ;  First  Vice-President,  Walter  M. 
McFarland;  Second  Vice-President,  Calvert  Townley;  Secretary,  Alfred 
D.  Flinn,  M.  Am.  Soc.  C.  E. ;  Treasurer,  Joseph  Struthers. 

The  following  members  were  elected  to  the  Engineering  Foundation 
Board  for  terms  of  three  years : 

Charles  F.  Rand,  as  member  at  large;  George  H.  Pegram,  Past- 
President,  Am.  Soc.  C.  E.,  as  Trustee  representing  the  American  Society 
of  Civil  Engineers;  E.  Gybbon  Spilsbury  as  Trustee  representing  the 
American  Society  of  Mechanical  Engineers;  and  Samuel  Sheldon,  as 
Trustee  representing  the  American  Institute  of  Electrical  Engineers. 

On  nomination,  Clemens  Herschel  and  Calvert  Townley  were  re- 
elected as  representatives  of  United  Engineering  Society  on  Engineer- 
ing Council  for  terms  of  three  years. 

An  invitation  from  The  Authors  Club,  dated  January  13th,  1920, 
to  join  with  other  organization  in  a  memorial  meeting  to  Andrew 
Carnegie  Wednesday  afternoon,  February  4th,  was  read.  It  was  voted 
that  this  invitation  be  accepted,  and  that  the  United  Engineering 
Society  participate. 

In  a  communication  dated  January  12th,  signed  by  Director  Craver, 
the  Library  Board  suggested  modification  of  By-Laws  87  and  91  to 
provide  for  the  annual  election  of  a  Vice-Chairman  of  that  Board,  and 
for  meetings  of  the  Executive  Committee  at  the  call  of  the  Chairman 
instead  of  monthly,  as  now  required.  Resolutions  prepared  by  Mr.  Rand 
were  proposed,  and  adopted  as  follows: 

"Resolved:  That  there  be  and  hereby  is  established  the  office  of  Vice- 
Chairman  of  the  Library  Board. 

"Resolved:  That  in  the  absence  of  the  Chairman  of  the  Library 
Board,  the  Vice-Chairman  of  the  Library  Board  shall  discharge  his 
duties. 

"Resolved:  That  until  further  action  of  the  Trustees,  the  Executive 
Committee  of  the  Library  Board  shall  hold  meetings  at  the  call  of 
the  Chairman,  or  in  his  absence,  of  the  Vice-Chairman,  of  the  Library 
Board. 
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Annual   Report  of   Chairman   of   Engineering   Foundation  for   Year 
Ending  February,   1920 

To  THE  Engineering  Foundation  Board: 

At  the  beginning  of  the  year  the  Board  was  confronted  with  the 
necessity  of  adjusting  its  relations  with  the  National  Eesearch  Goxincil, 
then  in  the  process  of  reorganization  on  a  peace  basis. 

Engineering  Foundation  had  early  given  its  support  to  the  work  of 
the  Council,  certain  of  its  members  were  also  members  of  the  Council, 
and  the  Comicil  had  announced  its  purpose  to  create  as  a  part  of  its 
permanent  organization  a  Division  of  Engineering.  It  was  apparent 
that  in  the  absence  of  understandings  to  the  contrary,  the  Division  of 
Engineering  might  function  in  the  same  field  as  Engineering  Founda- 
tion and  select  agencies  through  which  to  work,  some  of  which  were 
closely  associated  with  Engineering  Foundation.  It  was  thought  impor- 
tant, in  the  interest  of  research,  to  develop  a  procedure  which  wovJd 
provide  a  definite  field  of  action  for  both  organizations  and  which 
would  permit  each  to  function  in  harmony  with  the  other.  A  special 
committee  gave  careful  attention  to  the  various  aspects  of  this  problem. 
Conferences  were  held.  The  Committee  finally  recommended  and  the 
Board  approved  five  proposals  which  may  be  briefly  summarized  as 
follows : 

1. — That  Engineering  Foundation  would  work  in  close  affiliation 
with  the  National  Research  Council. 

2. — That  Engineering  Fovmdation  would  provide  office  space  and 
contribute  to  the  office  expenses  of  the  Engineering  Division  of  the 
Council. 

3. — That  Engineering  Foundation  would  approve  a  plan  whereby 
a  certain  number  of  the  members  of  Engineering  Division  of  the 
Council  would  be  selected  from  the  membership  of  Engineering  Foun- 
dation, and  others  from  the  membership  of  the  Founder  Societies. 

4. — That  Engineering  Foundation  would  collaborate  with  the  Engi- 
neering Division  of  the  Council  and  would  make  such  appropriations 
•of  funds  to  aid  in  such  specific  undertakings  of  the  Division,  as  the 
Foundation  may  from  time  to  time  determine,  and 

5. — That  Engineering  Foundation  would  under  certain  conditions 
join  with  Engineering  Division  of  the  Council  in  joint  publications. 

These  provisions  have  been  in  effect  since  their  adoption  by  the 
Board  on  April  22d. 

Progress  has  been  made  in  the  development  of  research  under  grants 
from  the  Foundation.  Mr.  Clemens  Herschel  has  completed  an  elab- 
orate series  of  tests  upon  hydraulic  weirs  and  has  completed  a  report 
which  has  recently  been  published  by  the  American  Society  of  Mechan- 
ical Engineers.*  Dr.  E.  E.  Southard's  work  on  Mental  Hygiene  of 
*  Mechanical  Engineering,  February,  1920,  p.  83. 
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Industry,  which  was  started  last  year,  was  proceeding  with  satisfactory 
results  until  Dr.  Southard's  sudden  death  on  February  8th.  Publica- 
tions with  reference  to  both  of  these  undertakings  have  appeared  during 
the  year. 

Suggestions  having  been  invited,  the  Division  of  Engineering  recom- 
mended to  the  Foundation  a  study  of  the  Fatigue  Phenomena  of  Metals, 
in  co-operation  with  the  Engineering  Experiment  Station  of  the 
University  of  Illinois,  the  Engineering  Division  also  participating. 
The  accrual  of  unexpended  balances  of  previous  years  permitted  the 
Foundation  to  finance  this  project,  notwithstanding  the  fact  that  the 
rate  of  expenditure  involved  was  in  excess  of  the  Foundation's  present 
rate  of  income.  The  program  provided  that  the  actual  tests  involved 
in  this  research  are  to  be  made  by  the  University  of  Illinois;  that  the 
work  is  to  be  supervised  on  behalf  of  the  Foundation  by  the  Engineering 
Division;  and  that  the  major  part  of  the  funds  needed  are  to  be  sup- 
plied by  the  Foundation.     This  work  is  already  in  progress. 

The  assistance  of  Engineering  Foundation  was  sought  during  the 
summer  by  the  Division  of  Engineering  of  the  National  Research 
Council  in  bringing  about  some  elaboration  of  the  Division's  staff 
organization.  The  distinguished  Chairman  of  the  Division  could  no 
longer  carry  the  routine  of  his  office  and  asked  to  be  relieved.  The 
members  of  the  Division  believed  that  advantage  would  accrue  to  the 
Division  by  a  retention  of  its  pioneer  leader  as  honorary  chairman  and 
by  the  appointment  of  a  scientist  of  proven  ability  as  a  full-time  active 
chairman.  It  asked  whether  Engineering  Foundation  could  apply  the 
funds  necessary  to  such  an  arrangement.  The  Foundation  Board  agreed 
so  to  do  and  Dr.  Henry  M.  Howe  became  the  Honorary  Chairman  of 
the  Division  and  Dr.  Comfort  A.  Adams  its  active  Chairman,  an 
arrangement  which  supplied  Engineering  Division  with  leadership  of 
a  very  unusual  character. 

The  appropriation  of  funds  to  the  Engineering  Division  necessary 
to  the  revised  plan  of  organization  just  outlined,  superimposed  upon  a 
liberal  program  of  expenditure  previously  adopted  for  the  support  of 
its  several  researches,  have  been  easily  met  during  the  present  year. 
Assuming  all  expenditures  to  proceed  at  the  rate  they  have  been 
planned,  deficits  will  accrue  during  the  two  years  next  succeeding. 
It  is  probable,  however,  that  the  rate  of  expenditures  planned  will 
not  be  realized,  and  that  in  the  absence  of  further  appropriations  no 
actual  deficits  will  occur.  In  order,  however,  to  save  the  Foundation 
from  possible  embarrassment,  a  member  of  the  Foundation  Board,  Mr, 
Edward  Dean  Adams,  has  generously  guaranteed  to  protect  the  Board 
by  contributing  the  sum  of  any  deficit  occurring  in  the  discharge  of 
obligations  it  has  already  assumed.  The  details  of  these  several  mat- 
ters have  been  presented  to  the  Board  from  time  to  time  and  consti- 
tute a  part  of  its  official  record. 


338  ITEMS  OF  INTEREST  [Society  Affairs. 

There  have  been  many  expressions  of  a  desire  during  the  year  to 
enlarge  the  financial  resources  of  Engineering  Foundation.  The  policy 
to  be  followed  in  the  solicitation  of  funds  for  this  purpose  has  been 
a  matter  that  has  received  the  attention  of  a  Special  Committee  of 
which  Mr.  Edward  Dean  Adams  has  been  Chairman.  A  definite  agree- 
ment has  been  reached  with  National  Research  Council,  which  should 
prevent  ^onfiict  of  interests  in  the  solicitation  of  funds.  There  have 
been  drafted  for  United  Engineering  Society  as  the  holder  of  the 
endovmient  for  Engineering  Foundation:  (1)  Declaration  of  Trust, 
(2)  Deed  of  Trust,  (3)  Form  of  Deed  of  Gift.  The  preparation  of  these 
documents  is  to  be  accepted  as  an  important  first  step  toward  the 
solicitation  of  large  sums  for  credit  to  the  endowment  fund  of  Engi- 
neering Foundation. 

With  these  preparations  of  the  Committee  came  a  letter  from 
Mr.  Ambrose  Swasey,  which  in  full  is  as  follows : 

"December  19,  1919. 
"Dr.  W.  F.  M.  Goss,  Chairman, 
Engineering  Foundation, 
New  York. 
"Dear  Doctor  Goss: 

"I  have  always  regarded  my  gifts  to  United  Engineering  Society 
for  the  support  of  Engineering  Foundation,  as  an  initial  step  in  the 
development  of  an  undertaking  which  would  gain  support  from  many 
sources  and  continue  to  develop  year  by  year.  As  time  has  passed  and 
as  the  service  rendered  by  Engineering  Foundation  has  increased,  the 
reasonableness  of  such  a  view  has  become  more  and  more  apparent. 

"The  purpose  of  this  note  therefore  is  to  say  that  I  am  prepared 
to  add  to  the  amounts  I  have  already  given  for  the  benefit  of  Engineer- 
ing Foundation,  the  sum  of  Two  Hundred  Thousand  ($200,000) 
Dollars,  and  that  I  will  do  this  as  soon  as  gifts  from  other  sources 
can  be  obtained  which  will  equal  the  sum  of  the  amounts  which  I  have 
given  and  herein  propose  to  give,  namely,  a  half  million  dollars. 

"While  I  am  not  disposed  to  complicate  this  proposal  by  the  addi- 
tion of  any  condition  as  to  time,  I  assume  that  it  will  be  the  wish  of 
the  Foundation  Board  and  of  the  United  Engineering  Society  to  make 
it  possible  for  me  to  complete  my  gift  under  the  terms  of  this  note  at 
as  early  a  date  as  practicable,  certainly  during  the  calendar  year  of 
1920. 

Very  truly  yours, 

(Signed)     Ambrose  Swasey." 

In  presenting  this  brief  summary  of  a  year's  activity,  your  Chairman 
is  impressed  with  the  fact  that  Engineering  Foundation  is  still  in  its 
formative  state.  In  common  with  other  undertakings  new  in  character 
having  relations,  active  and  potential,  of  a  very  diverse  sort,  it  has  in 
its  development  been  confronted  by  questions  difficult  of  solution. 
There  is  nothing  uncomplimentary  in  the  statement  that  members  of 
the  Board  have  at  times  entertained  widely  different  views  with  ref- 
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erence  to  matters  of  fundamental  importance.  In  the  settlement  of 
such  matters  it  has  been  deemed  safe  to  follow  the  leadership  of  a  clear 
majority.    For  example: 

1. — For  some  years  past  there  have  been  two  widely  divergent  views 
in  the  Foundation  Board  concerning  the  means  whereby  the  element 
of  leadership  should  be  supplied  to  the  Board.  A  minority  view  has 
urged  as  a  first  requisite  in  the  development  of  the  purposes  of  the 
Board,  the  appointment  of  an  Executive  Secretary,  notwithstanding  the 
fact  that  the  cost  of  such  an  officer  and  of  his  office  would,  for  the  time 
being,  absorb  practically  all  of  the  resources  of  the  Foundation.  A 
majority  of  the  Board  have  been  of  the  opinion  that  until  the  revenues 
of  the  Foundation  could  be  enlarged,  the  Board  should  forego  the 
advantages  which  would  accrue  from  the  presence  of  such  an  officer,  and 
this  view  has  been  accepted  as  the  view  of  the  Board. 

2. — In  the  development  of  Engineering  Division  of  National 
Research  Council,  a  majority  of  the  Foundation  Board  have  seen  an 
agency  which  could  serve  the  Foundation  by  supplying  advisory  leader- 
ship for  the  scientific  aspects  of  its  work,  and  by  so  doing  make  good 
the  deficiency  in  the  Board's  own  organization  which  a  minority  had 
been  seeking  to  secure  through  the  appointment  of  an  Executive  Secre- 
tary, and  the  Board  has  accepted  the  good  offices  of  the  Engineering 
Division. 

3. — Engineering  Foundation  having  accepted  the  leadership  of 
Engineering  Division,  has  subsequently  consistently  sought  to  make 
that  leadership  strong,  and  its  direct  grants  to  Engineering  Division 
have  been  to  this  end.  It  is  assumed  that  Foundation  money  invested 
in  the  organization  of  Engineering  Division  staff,  is  money  spent  for 
organized  leadership   for   Engineering   Foundation. 

By  these  several  procedures,  the  Foundation  Board  has  secured 
superior  leadership  for  its  scientific  activities,  and  it  has  developed 
co-operative  relations  where  otherwise  there  might  easily  have  been 
competition. 

Respectfully  submitted, 

W.  F.  M.  Goss, 

Chairman. 


ACTIVITIES  OF  ENGINEERING  COUNCIL 
Chairman's  Report  for  Year  Ending  February,  1920 

Items  of  special  interest  during  the  third  year  of  Engineering 
Council's  activities  may  be  summarized  as  follows,  according  to  the 
annual  report  of  the  Chairman,  J.  Parke  Channing. 

Council  held  five  meetings ;  three  in  New  York,  one  in  Chicago  in 
April,  and  one  in  Washington  in  June. 
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The  total  expenditures  for  the  calendar  year  1919  were  $49  000, 
including  $25  000  advanced  by  the  Chairman  for  the  expenses  of  the 
Washington  office. 

The  Washington  office  was  opened  January  1st,  1919. 

The  American  Society  for  Testing  Materials  completed  qualifica- 
tions as  the  fifth  member  society  in  February,  and  has  since  taken  an 
active  part  in  Council's  work. 

In  April,  Engineering  Council  called  together  in  Chicago  repre- 
sentatives of  74  technical  organizations  having  105  000  members,  to  dis- 
cuss an  effort  to  secure  a  National  Department  of  Public  Works.  To 
conduct  and  finance  this  movement,  there  was  created  a  body  now 
known  as  the  National  Public  Works  Department  Association. 
Branch  organizations  have  been  established  in  most  of  the  States. 
Work  has  been  directed  chiefly  from  Council's  Washington  office.  A 
bill  was  introduced  into  both  houses  of  Congress.  The  Chamber  of 
Commerce,  U.  S.  A.,  was  asked  to  submit  the  question  to  referendum, 
and  appointed  a  special  committee  to  investigate.  Engineering  Council 
appointed  a  committee  to  present  arguments  before  the  Chamber's  com- 
mittee. Meetings  of  these  committees  were  held  January  19th  and 
20th,  1920,  in  Washington,  and  the  Chamber  decided  to  issue  the  refer- 
endum. A  second  convention  was  held  in  Washington  January  13th 
and  14th,  1920,  at  which  124  organizations  were  represented  and 
good  progress  reported,  except  in  collection  of  funds  needed  for  sup- 
port of  the  Association. 

In  September,  Engineering  Council  became  a  member  of  the 
Chamber  of  Commerce,  U.  S.  A. 

Engineering  Societies  Employment  Bureau,  organized  immediately 
after  the  Armistice,  was  maintained  throughout  the  year.  It  regis- 
tered 5  400  engineers,  the  majority  of  whom  had  been  in  Military  or 
Naval  Service,  and  aided  a  large  proportion  to  find  positions.  It  ren- 
dered service  to  both  employers  and  employees  without  charge,  but  at 
a  cost  to  the  Fovmder  Societies  of  more  than  $16  000.  The  Secre- 
taries of  the  Founder  Societies  were  the  Board  of  Directors.  At  the 
end  of  the  year,  the  Bureau  was  detached  from  Engineering  Council 
by  actions  of  the  Founder  Societies. 

A  Committee  on  Classification  and  Compensation  of  Engineers, 
created  in  March,  worked  in  three  sections  dealing  with  engineers  in 
the  employment  of  (1)  Federal  Government,  (2)  Kailways,  (3)  Cities 
and  States.  The  committee  has  co-operated  with  the  Congressional 
Commission  on  Reclassification  of  Salaries  of  Government  Employees. 
A  preliminary  Report  of  the  Federal  Section  was  printed  in  pamphlet 
form  by  the  Washington  Academy  of  Sciences  in  November,  1919.  In 
January,  1920,  a  report  of  the  whole  committee  was  published*  in  abbre- 
viated form  by  the  Founder  Societies  and  the  technical  journals,  espe- 
*  Proceedings,  Am.  Soc.  C.  E.,  January,  1920,  p.  42. 
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cially  Engineering  News-Record.  This  report  contained  a  standard 
classification  of  engineers  (for  purposes  of  compensation)  and  a  sug- 
gested, tentative  schedule  of  salaries  for  engineers  in  governmental 
employment. 

To  expedite  completion  of  topographical  maps  of  the  United  States, 
President  Wilson,  in  response  to  a  communication  from  Engineering 
Council,  by  Executive  Order,  constituted  a  Board  of  Surveys  and  Maps, 
of  one  representative  each  from  the  fourteen  map-making  agencies  of 
the  Government,  and  invited  representatives  of  Engineering  Council 
and  engineering  and  scientific  societies  to  co-operate.  The  new  board 
set  up  a  permanent  organization  on  January  13th,  1920.* 

The  Committee  on  Licensing  Engineers,  after  fourteen  months' 
work,  presented  in  December  a  valuable  report  accompanied  by  a  "Rec- 
ommended Uniform  Registration  Law,  to  regulate  the  practice  of  pro- 
fessional engineering,  architecture  and  land  surveying".  This  report 
has  been  publishedf  and  will  be  considered  by  Council  at  its  February 
meeting. 

Forty  correspondents  have  been  appointed  in  as  many  engineering 
centers  in  various  parts  of  the  country,  and  to  them  "Notes"  and  "Bul- 
letins" about  Council's  work  have  been  sent  at  frequent  intervals  from 
the  New  York  and  Washington  offices. 

The  Fuel  Conservation  Committee  continued  co-operation  with  the 
Government,  and  recommended  support  of  a  Federal  appropriation  for 
a  survey  to  determine  the  desirability  of  a  super-power  system  in  the 
industrial  region  extending  from  Boston  to  Washington. 

The  Water  Conservation  Committee  appointed  correspondents  in  27 
States,  is  seeking  correspondents  in  other  States,  is  collecting  useful 
information,  and  is  aiding  the  Maine  Water  Power  Commission  on 
questions  of  policy  in  response  to  a  request  from  its  Chief  Engineer. 

To  the  Reconstruction  Commission  of  the  State  of  New  York,  a 
special  committee  of  engineers  appointed  by  Council  gave  assistance  in 
preparing  a  Report  on  Retrenchment  and  Reorganization  in  the  State 
Government. 

By  public  hearing,  in  January,  1919,  Engineering  Council  aided  the 
reinstatement  of  350  engineers  unfairly  dismissed  by  the  City  of  New 
York.  It  also  assisted  late  in  the  year  in  securing  better  salaries  for 
these  and  other  engineers  and  in  preventing  a  recurrence  of  last  year's 
unfortunate  conditions. 

Council  took  part  in  organizing  a  National  Board  for  Jurisdictional 
Awards  in  the  Building  Industries,  and  has  a  member  thereon. 

Council  appointed  three  representatives  to  co-operate  with  equal 
numbers  from  the  American  Institute  of  Architects  and  the  Associated 

*  Proceedings,  Am.  Soc.  C.  E.,  February,  1920,  p.  261. 
t  Proceedings,  Am.  Soc.  C.  E.,  January,  1920,  p.  27. 
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General  Contractors  of  America,  to  determine  a  policy  regarding  "Pay- 
ment for  Estimating". 

Late  in  1919,  and  in  January,  1920,  committees  were  appointed  on 
Types  of  Government  Contracts,  on  Military  Affairs,  on  Co-operation 
with  the  American  Institute  of  Architects,  and  on  Co-operation  with  the 
Association  of  Russian  Engineers  in  America.  In  response  to  request, 
special  assistance  was  given  the  Signal  Corps,  United  States  Array, 
in  connection  with  bills  before  Congress. 

On  a  National  Budget  System,  Council  presented  testimony  through 
four  delegates  sent  to  Washington  on  invitation  of  the  Select  Committee 
of  the  House  of  Representatives. 

Council  gave  much  assistance  to  the  War  Department  Claims  Board 
in  securing  technical  experts  to  review  reports  on  claims  amounting  to 
approximately  $2  000  000  000. 

During  the  past  year  it  was  impracticable  for  the  Secretary  to  make 
more  than  a  few  visits  to  Engineering  Societies,  and  then  only  to  those 
relatively  near  New  York.  The  combination  of  duties  for  United 
Engineering  Society,  Engineering  Foundation  and  Council,  together 
with  lack  of  funds,  prevented  further  visits.  Nevertheless,  many  per- 
sonal visits  on  behalf  of  Engineering  Council  have  been  made  to  groups 
of  engineers  from  coast  to  coast  by  the  Chairman;  by  Representatives 
Baker,  Cooley,  Hollis,  Loweth,  Moore,  Skinner  and  Townley;  by  Chair- 
man Leighton,  of  the  National  Service  Committee;  and  by  Secretaries 
Stoughton  and  Rice,  of  the  Mining  Engineers  and  the  Mechanical  Engi- 
neers, respectively.  Several  local  societies,  by  letter  or  personal  rep- 
resentative, have  requested  and  received  advice  and  other  assistance 
from  Council's  office. 

Engineering  Council  has  continued  to  be  handicapped  by  lack  of 
adequate  financing.  At  the  suggestion,  and  with  the  approval  of  the 
member  Societies,  as  an  emergency  measure,  late  in  1919,  Council  sent 
to  50  000  engineers  throughout  the  country,  an  appeal  for  $30  000  to 
supply  the  minimum  deficiency  in  requirements  for  1920,  over  and  above 
the  amounts  appropriated  by  the  member  Societies.  Up  to  February 
10th,  1920,  Y79  contributions  have  been  received,  totaling  $5  530.90. 

The  Joint  Conference  Committee  of  the  Founder  Societies  has 
recommended  material  changes  in  Council's  form  of  organization. 
Council  has  approved  the  general  principles  of  this  report. 

To  determine  questions  as  to  future  organization  and  financial  sup- 
port. Engineering  Council  invited  the  governing  bodies  of  its  member 
Societies  to  a  joint  conference  in  New  York,  January  23d,  1920.  There 
were  also  invited  the  Joint  Conference  Committee  and  the  Trustees  of 
United  Engineering  Society.* 

*  Proceedings,  Am.   Soc.  C.   E.,   February,   1920,  p.   257. 
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Report  of  the  Third   Annual   Meeting 

The  Third  Annual  Meeting  of  Engineering  Council  was  called  to 
order  by  Chairman  J.  Parke  Channing,  February  19th,  1920,  in  the 
Engineering  Societies  Building,  New  York  City,  with  21  present. 

The  Secretary  reported  that  he  had  been  duly  notified  of  the  elec- 
tion of  new  representatives.  The  representatives  for  the  year  ending 
at  the  Annual  Meeting  in  February,  1921,  are  as  follows : 

American  Society  of  Civil  Engineers:  Charles  S.  Churchill,  Alex. 
C.  Humphreys,  Charles  F.  Loweth,  Arthur  N.  Talbot,  Joseph  E. 
Worcester. 

American  Institute  of  Mining  and  Metallurgical  Engineers:  J. 
Parke  Channing,  Sidney  J.  Jennings,  Edwin  Ludlow,  Philip  N.  Moore, 
F.  T.  Eubidge.* 

American  Society  of  Mechanical  Engineers :  L.  P.  Alford,*  Charles 
Whiting  Baker,  Arthur  M.  Greene,  Jr.,*  Charles  T.  Main,*  Fred  J. 
Miller,* 

American  Institute  of  Electrical  Engineers:  Comfort  A.  Adams, 
Harold  W.  Buck,  N.  A.  Carle,  Charles  S.  Ruffner,*  Charles  E.  Skinner. 

American  Society  for  Testing  Materials :  Albert  Ladd  Colby. 

United  Engineering  Society:  Clemens  Herschel,  I.  E.  Moultrop, 
B.  B.  Thayer,  Calvert  Townley. 

The  financial  statement  for  the  year  showed  a  total  expenditure 
of  about  $49  000,  including  the  expenses  of  $25  000  for  the  National 
Service  Committee  which  was  guaranteed  and  personally  paid  in  full 
by  Chairman  Channing.  An  unexpended  balance  of  $940.07  was 
reported. 

F.  C.  Shenehon,  M.  Am.  Soc.  C.  E.,  presented  a  report  from  the 
Joint  Committee  on  Co-operation  with  the  American  Institute  of 
Architects  stating  that  the  Committee  had  discussed  the  report  of  the 
Committee  on  Licensing  Engineers  and  the  recommended  Uniform 
Registration  Law.  The  representatives  of  the  Institute  called  attention 
to  the  fact  that  probably  the  model  law  created  a  wrong  impression  in 
its  definition  of  a  building  and  that  it  should  be  modified  in  this  par- 
ticular; they  also  stated  that  they  believed  this  Uniform  Registration 
Law  should  be  submitted  to  the  American  Institute  of  Architects  so 
that  it  might  study  the  question  as  to  whether  it  would  be  possible  or 
advisable  to  recommend  such  a  uniform  law  covering  both  engineers  and 
architects.    In  this  the  representatives  of  Engineering  Council  agreed. 

Upon  the  recommendation  of  this  Joint  Committee,  action  concern- 
ing the  report  of  the  Licensing  Committee  was  deferred  until  the 
Institute  of  Architects  shall  have  had  opportunity  for  thorough  con- 
sideration and  for  reporting  its  findings  to  Coimcil.  The  Chairman 
was  authorized  to  send  copies  of  the  Uniform  Registration  Law  to 
States  now  considering  the  question  of  licensing. 
•  Newly  elected  representatives. 
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Charles  A.  Terry's  resignation  as  Chairman  of  the  Patents  Com- 
mittee was  accepted  and  Edwin  J.  Prindle  was  appointed  in  his  stead. 
The  Secretary  was  authorized  to  prepare  a  resolution  expressing  the 
approval  of  Engineering  Council  to  the  Nolan  Bill  and  urging  its 
passage.  The  following  resolution  was  prepared  and  presented  at  a 
hearing  before  the  Rules  Committee  of  the  House  of  Representatives: 

"Whereas,  Engineering  Council  has  been  informed  by  its  Patent 
Committee  that  H.  R.  11984,  known  as  the  Nolan  Bill,  consists  essen- 
tially of  provisions  contained  in  bills  previously  endorsed  by  Council 
as  the  results  of  the  labors  of  the  Patents  Committees  of  National 
Research  Council  and  Engineering  Council,  and 

"Whereas,  it  is  believed  that  H.  R.  11984,  if  enacted,  will  go  a  long 
distance  towards  correcting  many  present  defects  in  the  United  States 
Patent  System,  be  it 

"Resolved:  that  Engineering  Council  approves  in  general  the  provi- 
sions of  H.  R.  11984,  and  urges  its  early  passage." 

Arthur  P.  Davis,  President,  Am.  Soc.  C.  E.,  and  Chairman  of  the 
Committee  on  Types  of  Government  Contracts,  presented  a  report  by 
letter  stating  that  the  Committee  had  undertaken  correspondence, 
especially  with  those  having  had  experience  with  contract  work  for  the 
Government,  which  had  resulted  in  a  large  volume  of  replies  containing 
criticism  or  suggestions  of  value,  and  that  these  were  being  digested  for 
consideration  by  the  Committee;  also  that  a  tabulation  of  the  types  of 
government  contracts  now  in  use  by  the  various  government  bureaus 
had  been  undertaken,  and  that  a  great  variety  of  practice,  some  of 
which  might  perhaps  be  standardized,  was  indicated, 

M.  0.  Leighton,  M.  Am.  Soc.  C  E.,  Chairman  of  the  National  Service 
Committee,  presented  a  report  covering  the  activities  of  that  Com- 
mittee. In  accordance  with  the  recommendation  of  Chairman 
Leighton,  the  National  Service  Committee  was  discharged  with  thanks. 
and  it  was  voted  that  the  Washington  office  be  continued  and  its  name 
changed  to  "National  Service  Department  of  Engineering  Council"; 
it  was  also  voted  that  M.  0.  Leighton  be  continued  as  the  Washing- 
ton representative  of  Engineering  Council,  with  the  title  "National 
Service  Representative". 

Col.  J.  J.  Carty's  resignation  as  a  member  of  the  Military  Affairs 
Committee  was  accepted  with  regrets. 

Mr.  Leighton  reported  that  by  the  terms  of  the  Railroad  Bill,  the 
number  of  members  of  the  Interstate  Commerce  Commission  would  be 
increased  by  two  and  that,  with  one  existing  vacancy,  there  would 
be  three  places  to  be  filled.  It  was  voted  that  a  communication  be  sent 
to  the  President,  suggesting  that  it  would  be  desirable  to  appoint  one 
or  more  engineers  on  the  Interstate  Commerce  Commission;  also  that 
there  be  submitted  to  him  a  list  of  three  names. 

The  following  Committees  were  discharged  with  thanks:  Ameri- 
canization Committee;  Advisory  Committee  to  New  York  State  Recon- 
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struction  Commission ;  Publicity  Committee ;  Publicity  Methods  Com- 
mittee; Reconstruction  Committee,  and  Advisory  Committee  to  Bureau 
of  Municipal  Research. 

A  budget  for  a  total  of  $53  000  for  the  year  1920  was  adopted  as 
a  minimum.  Of  the  $5  000  estimated  for  Committees  and  Contin- 
gencies, $3  000  was  appropriated  for  the  use  of  the  Committee  on 
Classification  and  Compensation  of  Engineers. 

After  the  report  of  the  Nominating  Committee,  the  following  officers 
were  elected:  Chairman,  J.  Parke  Channing;  First  Vice-Chairman, 
H.  W.  Buck;  Second  Vice-Chairman,  Charles  S.  Churchill,  M.  Am.  Soc. 
C.  E. ;  Secretary,  Alfred  D.  Flinn,  M.  Am.  Soc.  C.  E. ;  additional  mem- 
bers of  Executive  Committee,  Alex.  C.  Humphreys,  M.  Am.  Soc.  C.  E., 
Charles  Whiting  Baker,  and  Philip  N.  Moore. 

Military  Affairs  Committee 

Under  date  of  February  26th,  1920,  the  Military  Affairs  Committee* 
submitted  the  following  communication  to  Engineering  Coimcil : 

"1. — We  believe  it  of  vital  National  importance  that  sound  Military 
Legislation  should  be  enacted  during  the  present  session  of  Congress. 

"2. — Effective  provision  for  National  defense  with  an  adequate, 
organized,  trained  Army  and  Navy,  sufficient  to  discharge  our  national 
and  international  obligations,  is  essential  to  security  and  stability, 
which  must  be  present  if  our  country  is  to  go  forward  in  constructive 
activity  and  achieve  its  i)ossibilities  as  a  nation. 

"3. — The  training  of  the  entire  youth  of  the  nation  and  the  estab- 
lishment of  organized  reserves  are  indispensable  provisions  for  National 
defense.  With  an  adequate,  organized  citizen  force,  so  that  a  min- 
imum of  professional  soldiers  is  required,  that  maximum  protection  is 
afforded  with  a  minimum  of  expense. 

"4. — The  careful  selection  and  training  of  personnel  and  their 
assignment,  when  reservists,  to  organized  reserve  units,  are  vitally 
important  to  the  efficiency  of  the  technical  services  of  the  Army_  and 
Navy,  and  therefore  essential  to  the  proper  preparedness  of  the  indi- 
viduals of  the  Engineering  and  allied  professions  and  trades  for  the 
discharge  of  their  constitutional  obligations  in  National  military 
service. 

"5. — The  full  utilization  of  specially  and  technically  qualified  men 
and  specialized  industries  has  proved  impossible  where  an  organiza- 
tion was  built  up  only  after  war  had  become  imminent  or  had  been 
declared. 

"6.— The  status  of  the  membership  of  the  National  Engineering 
Societies  with  respect  to  all  military  matters,  on  which  to  base  their 
plans  for  individual  and  collective  preparedness,  must  remain  indefinite 
until  a  military  policy  and  principles  of  a  military  organization  shall 
have  been  determined. 

"7. — Therefore,  we  believe  National  security  and  stability  can  be 
assured  only  by  application  of  the  foregoing  principles,  in  particular 

*  Proceedings,  Am.   Soc.  C.   E.,   February,   1920,   p.   260. 


346  ITEMS  OF  INTEREST  [  Society  Affairs. 

the  principle  of  universal  military  training  and  the  creation  of  organ- 
ized reserves,  above  all  in  the  technical  branches. 

"We,  therefore,  recommend  to  Engineering  Council  that  the  Presi- 
dent and  Vice-President  of  the  United  States,  the  Secretary  of  War, 
the  Secretary  of  the  Navy,  the  Speaker  of  the  House  and  the  Chairmen 
and  Members  of  the  Military  and  Naval  Committees  of  the  Senate  and 
the  House  be  urged  to  incorporate  the  foregoing  principles  into  any 
bills  passed  by  either  body  for  Army  or  Navy  organization,  and  par- 
ticularly the  principle  of  universal  training. 

"We  also  recommend  that  each  member  of  the  Founder  Societies 
(American  societies  of  Civil,  Mining,  Metallurgical,  Mechanical  and 
Electrical  engineers)  be  urged  to  study  carefully  the  foregoing  prin- 
ciples of  military  policy  and  in  case,  in  the  light  of  such  study,  he 
endorses  said  principles,  to  give  his  active  support  through  letters  to 
his  Senators  and  Congressmen,  or  otherwise,  to  their  incorporation  in 
pending  legislation." 

The  members  of  the  Military  Affairs  Committee  are  as  follows: 

Col.  Wm.  Barclay  Parsons,  Col.  B.  W.  Dunn, 

Chairman  Maj.  Arthur  S.  D wight, 

Mr.  Paul  G.  Brown,  Capt.  Alfred  B.  Fry, 

Vice-Chairman  Mr.  George  Gibbs, 

Lt.-Col.  George  D.  Snyder,  Maj.  Fred  J.  Miller, 

Secretary  Mr.  Spencer  Miller, 

Col.  Roger  D.  Black,  Col.  F.  A.  Snyder, 

Mr.  Harold  W.  Buck,  Col.  F.  A.  Molitor, 

Col.  Lincoln  Bush,  Col.  G.  E..  Solomon, 

Col.  John  J.  Carty,  Col.  W.  A.  Starrett, 

Col.  H.  S.  Crocker,  Dr.  Leonard  Waldo. 

At  a  meeting  of  Engineering  Council's  Executive  Committee  on 
March  3d,  1920,  it  was  voted  to  adopt  the  foregoing  resolutions  relating 
to  the  military  policy  of  the  United  States  prepared  and  recommended 
by  the  Military  Affairs  Committee. 

Hearing  on  Nolan   Patent  Bill  Before   House  Rules  Committee 

At  a  hearing  before  the  Pules  Committee  of  the  House  of  Rejjre- 
sentatives,  arranged  by  Edwin  J.  Prindle,  Chairman  of  the  Patents 
Committee  of  Engineering  Council  and  Secretary  of  the  Patents  Com- 
mittee of  the  National  Research  Council,  a  delegation  of  68  represen- 
tative men  from  many  scientific,  engineering,  manufacturing  and  indus- 
trial organizations  so  impressed  the  Rules  Committee  that  it  granted 
the  request  that  the  Nolan  Bill,  H.  R.  11  984  be  placed  on  the  calendar 
for  an  early  hearing. 

The  Chairman  of  the  Rules  Committee  stated  that  it  was  the  most 
forceful  and  satisfactory  hearing  before  that  Committee  during  the 
past  10  years.    Mr.  Calvert  Townley,  as  a  representative  of  Engineer- 
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ing  Council  and  President  of  the  American  Institute  of  Electrical 
Engineers,  addressed  the  Committee  and  presented  the  resolution 
favoring  the  Nolan  Bill  authorized  by  Engineering  Council  at  its 
Annual  Meeting.* 

Work  of  the   Forest  Products  Laboratory 

The  Forest  Products  Laboratory,  Madison,  Wis.,  maintained  by  the 
Forest  Service,  U.  S.  Department  of  Agriculture,  has  been  forced, 
through  lack  of  funds,  to  reduce  its  working  force  until  it  now  numbers 
about  200,  one-third  less  than  five  months  ago.  The  field  of  activity 
covered  by  the  work  of  the  Laboratory  is  suggested  by  the  following 
lines  of  investigation  undertaken: 

Pulp  and  paper;  hardwood  and  softwood  distillation;  preservation 
of  wood ;  decay  and  decay  prevention ;  mechanical  properties  of  wood ; 
glues  for  wood;  kiln  drying  and  air  seasoning;  grading  structural 
timbers ;  grading  lumber ;  boxing,  crating,  packing ;  chemistry  of  wood ; 
needle  and  leaf  oils;  ethyl  alcohol  from  wood  waste;  wood  finishes,  air- 
craft parts;  veneers  and  plywood;  steam  bending;  identification  of  wood, 
and  microscopy  of  wood. 

Among  typical  examples  of  the  value  of  the  work  may  be  men- 
tioned the  following : 

Boxing,  Crating,  Packing. — This  work  affects  all  shippers,  rail- 
roads, express  companies,  and  all  consignees  of  goods  which  are  boxed 
or  crated,  through  the  great  saving  which  can  be  made  by  improved 
methods  of  packing. 

Kiln  Drying. — Improper  methods  of  seasoning  wood  are  causing 
great  losses  of  lumber  and  money  in  all  the  wood-working  trades,  and 
are  in  no  small  degree  responsible  for  the  critical  condition  in  which 
these  industries  find  themselves  to-day.  They  are  not,  however,  the 
prime  cause  for  this  condition.  To  remedy  these  improper  methods 
requires  the  thorough  education  of  the  industries  in  proper  drying 
methods,  in  addition  to  special  studies  of  commercial  conditions. 

Water-Resistant  Glues. — Funds  provided  by  the  Army  and  Navy 
permitted  the  Laboratory  to  develop  a  number  of  water-resistant  glues 
and  to  gather  together  a  fund  of  knowledge  about  glues  of  these  types 
which  has  been  valuable  in  assisting  many  users  of  glue  to  solve  various 
problems  with  which  they  are  confronted.  This  work  is  of  great  impor- 
tance to  all  wood-using  industries.  The  development  of  still  better  and 
cheaper  types  of  glues,  indicated  as  readily  possible  by  the  work  already 
done,  must  await  more  funds. 

Pulp  and  Paper. — The  increasing  shortage  of  suitable  pulpwood  of 
the  species  most  currently  used  for  that  purpose  makes  necessary  the 
continuation  of  studies  to  determine  the  suitability  of  various  other 
available  woods  for  this  purpose.    An  investigation  of  particular  impor- 

*  See  page  344. 
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tance  which  should  be  conducted  is  that  to  determine  the  methods  of 
preventing  the  enormous  losses  resulting  from  decay  of  ground  wood 
pulp  while  in  storage. 

Presentation  of  Washington  Award  to  Herbert  Hoover 

Formal  presentation  of  the  Washington  Award  for  1918  to  Herbert 
Clark  Hoover,  M.  Am.  Soc.  C.  E.,  was  made  in  Chicago  on  February 
28th,  1920,  under  the  auspices  of  Western  Society  of  Engineers.  Several 
hundred  engineers  awaited  the  arrival  of  Mr.  Hoover,  whose  train  was 
delayed,  until  nearly  midnight,  when  presentation  addresses  were  made 
by  Charles  F.  Loweth,  M.  Am.  Soc.  C.  E.,  Chairman  of  the  Washington 
Award  Commission,  for  the  Western  Society  of  Engineers;  Onward 
Bates,  M.  Am.  Soc.  C.  E.,  for  The  American  Society  of  Civil  Engineers; 
Charles  H.  MacDowell,  for  the  American  Institute  of  Mining  and  Metal- 
lurgical ,  Engineers ;  James  R.  Bibbins,  for  the  American  Society  of 
Mechanical  Engineers ;  and  Bion  J.  Arnold,  M.  Am.  Soc.  C.  E.,  for  the 
American  Institute  of  Electrical  Engineers. 

Mr.  Hoover,  after  accepting  "as  a  tribute  to  the  thousand  engineers 
who  were  associated  with  him"  made  an  address  on  the  "Inter-relation- 
ship of  General  Industry  and  Food  Production". 

The  text  of  the  certificates  of  award  is  as  follows : 

"  'To  be  awarded  to  a  member  of  the  engineering  profession  who  has 
accomplished  much  for  the  world  about  him  in  vital,  important,  far- 
reaching  ways,  and  whose  services  in  general  have  been  noteworthy 
for  merit  in  promoting  the  public  welfare.' 

"In  these  words  were  expressed  the  wishes  of  the  Donor  of  the  Wash- 
ington Award. 

"With  Belgium's  first  cry  of  anguish,  as  war's  tidal  wave  swept  over 
that  country,  driving  before  and  engulfing  its  people,  an  appeal  came 
for  a  leader;  for  a  man  of  character  and  experience;  possessing  great 
executive  and  co-operative  ability ;  with  courage  to  decide  and  act.  The 
time  was  short.  Upon  such  a  man  must  devolve  the  stupendous  task  of 
organizing  and  administering  a  relief.  The  people  of  a  nation  must  be 
fed  and  clothed,  and  at  once,  if  the  final  phase  of  a  great  disaster  was 
to  be  averted. 

"That  man  was  found.  He  was  an  engineer.  His  chief  aids  were 
engineers. 

"The  flow  sheet  of  succor  was  drafted,  and  the  finished  mechanism  of 
a  relief  program  was  soon  functioning  with  little  friction  and  with 
great  efficiency. 

"With  the  entrance  of  the  United  States  into  the  world  war,  there 
arose  again  need  for  a  leader, — one  who  could  administer  food  prob- 
lems on  a  still  more  gigantic  scale;  problems  that  related  to  our  own 
requirements  and  to  still  more  vital  necessities  of  Europe.  America 
must  grow  more  field  crops.    The  Allies  must  be  sustained. 

"The  leader  was  found.  He  was  un  engineer.  The  work  was  done. 
Loyal  American  producers  did  their  part. 

"With  the  signing  of  the  Armistice  and  with  the  break-down  of 
morale  among  the  enemy  and  in  Eastern  Europe,  yet  another  pressing 
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problem  had  to  be  met.  Further  reHef  for  war-disrupted  peoples  became 
a  stern  necessity.  A  man  must  be  had  equal  to  the  needs  of  peace  as 
well  as  the  tasks  of  war. 

''The  man  was  found.    He  was  an  engineer. 

"Then  the  negotiations  for  peace  began.  Amidst  the  intricate  prob- 
lems that  arose,  there  emerged  a  clear  call  for  a  man  with  comprehensive 
knowledge  of  European  conditions,  with  a  grasp  beyond  the  ordinary 
of  food  requirements  and  transport  possibilities.  Who  should  the  man 
be  ?    Once  again,  the  engineer. 

"From  the  end  of  the  war  until  now,  famine  and  disease  have  been 
rampant  in  Eastern  Europe.  Little  folks,  innocent  children,  have 
suffered,  and  are  suffering.  Young  lives  have  been,  and  are  being, 
sacrificed.  Relief  is  vital.  It  has  been  established.  The  engineer  is 
at  the  helm. 

"In  all  of  his  urgent  duties  and  his  activities  in  many  capacities, 
this  engineer  has  not  been  found  wanting.  His  colleagues  everywhere 
have  been  uplifted  by  his  deeds.  They  have  been  inspired  to  apprecia- 
tion of  a  new  and  better  kind  of  recompense  for  their  professional 
labors — the  recompense  of  a  world's  gratitude  for  unselfish  public 
service. 

"It  is  abundantly  in  keeping  with  the  wishes  of  the  Donor  of  the 
Washington  Award  to  honor  the  engineer  who  has  met  these  epochal 
emergencies ;  who  has  rendered  unselfishly  and  efficiently  a  public  service 
that  has  made  many  nations  and  peoples  his  debtor ;  and  who  has  added 
so  much  to  the  luster  and  high  standing  of  the  engineering  profession. 
Therefore,  by  authority  vested  in  them,  the  Commission  do  hereby, 
through  their  chairman  and  in  behalf  of  the  Western  Society  of  Engi- 
neers, confer  the  Washington  Award  for  distinguished  public  service 
upon  our  eminent  colleague, 

Herbert  Clark  Hoover." 

Prefect  of  Constantinople  Desires  Engineer  Specialists 

A  letter  from  the  Prefect  of  Constantinople,  Turkey,  states  that  "it 
is  intended  to  reconstruct  the  City  of  Constantinople  on  completely  new 
plans  in  order  to  place  it  on  the  level  of  a  modem  Capitol,  provided 
with  all  the  modem  hygienic,  scientific,  and  artistic  improvements 
which  the  town  deserves  according  to  its  exceptional  situation  and 
climate." 

He  makes  the  request  that  he  be  put  in  touch  with  engineers  and 
architects  who  are  specialists  along  these  lines.  The  address  given  is 
"Prefecture  de  la  Ville,  Cabinet  du  Prefet,  Constantinople,  Turkey." 


EUROPEAN  NOTES 

The  following  notes  relative  to  reconstruction,  etc.,  in  Belgium  and 
France,  and  industrial  progress,  etc.,  in  Great  Britain  and  elsewhere, 
have  been  contributed  by  W.  E.  Woolley,  Assoc.  M.  Am.  Soc.  C.  E.,  of 
London,  England,  who  is  also  a  Corresponding  Member  of  the  Associa- 
tion of  Liege  (Belgium)  Architects. 
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Law  Provisions  to  Help  Solve  England's  Housing  Problem 

To  supplement  the  item  on  the  "Housing  Problem  in  England",* 
the  following  abstract  of  the  recent  Act  of  1919  "to  amend  the  enact- 
ments relative  to  the  Housing  of  the  Working  Classes,  Town  Planning, 
and  the  Acquisition  of  Small  Dwellings",  indicates  how  the  British 
Government  has  attempted  to  meet  a  serious  situation. 

The  amended  Act  states  that  it  shall  be  the  duty  of  every  local 
authority  to  consider  the  needs  of  their  area  with  respect  to  houses  for 
the  working  classes  and,  within  three  months  of  the  passage  of  the 
Act  or  after  notice  has  been  given  by  the  Local  Government  Board,  to 
prepare  and  submit  to  the  said  Board  a  scheme  for  the  exercise  of  their 
powers.  Other  clauses  deal  with  the  power  of  the  local  authorities 
to  acquire  land,  and  state  the  purposes  for  which  land  may  be  acquired ; 
provision  is  also  made  for  the  assistance  of  public  utility  societies, 
housing  trusts,  etc.,  wherein  it  is  stated  that  the  local  authority  may 
promote  the  formation  or  extension  of,  or  assist,  a  public  utility  society 
in  matters  of  housing. 

Local  authorities  may  make  loans  to  the  owners  of  house  property 
for  the  reconstruction,  enlargement  or  improvement  of  existing  housing 
accommodation.  The  conversion  of  large  houses  into  several  tene- 
ments, where  the  house  cannot  readily  be  rented  as  a  single  tenement, 
but  could  be  let  if  divided  into  two  or  more,  is  authorized.  However, 
the  case  must  be  proved  to  the  satisfaction  of  the  County  Court  on  an 
application  by  the  local  authority  or  any  person  interested. 

It  is  also  provided  that  "The  council  of  every  borough  or  other  urban 
district  containing  on  the  1st  of  January,  1923,  a  population  according 
to  the  last  census  *  *  *  of  more  than  20  000  shall,  within  three 
years  after  that  date,  prepare  and  submit  to  the  Local  Government 
Board  a  town  planning  scheme  *  *  *"  so  that,  in  effect,  there 
will  be  compulsory  town  planning  in  the  near  future. 

So  pressing  is  the  present  need,  now  that  many  men  have  returned 
from  military  service,  that  in  many  places,  as  in  Liverpool  and 
Northampton,  army  huts  have  been  erected  to  serve  as  temporary 
homes,  and  these  are  being  let  at  extremely  good  rents. 

Local  authorities  all  over  the  country  are  now  engaged  on  their 
housing  schemes.  Up  to  the  end  of  August  the  number  of  schemes 
submitted  to  the  Ministry  of  Health  was  4  546,  of  which  1  419  have 
been  approved,  covering  18  200  acres.  Plans  have  been  approved  which 
provide  for  25  788  houses.  The  number  of  houses  upon  which  building 
work  has  been  begun  is  about  8  000,  according  to  the  Ministry's  Hous- 
ing Report. 

If  the  owner  of  a  house  wishes  to  convert  it  into  flats  for  the  work- 
ing classes,  the  Housing  Act  permits  the  local  authority  to  loan  a  part 
or  the  whole  of  the  necessary  cash.     It  is  suggested  that  the  rate  of 

*  October-November-December,  1919,  Proceedings,  p.  961. 
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interest  should  be  1%,  and  the  loan  must  not  exceed  half  the  value 
of  the  property.  Terrace  houses  in  groups  can  be  readily  converted  into 
flats  with  one  common  staircase.  Several  London  boroughs  are  taking 
up  this  matter,  and  it  is  stated  that  some  4  000  houses  in  the  metro- 
politan area  alone  are  suitable  for  such  conversion  into  flats. 

At  present  prices,  the  cost  of  erecting  a  small  artisan's  dwelling 
of  a  very  plain  type  would  be  about  £650,  or  about  Is.  2d.  per  cu.  ft., 
about  2i  times  as  much  as  in  1914.  Many  authorities  have  received 
tenders  considerably  higher,  even  as  high  as  £1  000  or  £1 100. 

Concrete  has  been  advocated  by  many,  largely  as  a  cheaper  material 
than  brick,  and  has  been  used  with  success  at  several  places,  one  notable 
example  at  Chepstow,  Monmouth,  where  some  hundreds  of  houses  of 
this  material,  designed  by  well-known  architects,  have  been  erected. 
The  walls  are  hollow,  and  are  constructed  of  concrete  blocks  on  the 
"Winget"  principle,  made  by  machines  on  the  work. 


Canal  from  the  Elbe  to  the  Danube 

A  Tcheco-Slovak  Navigation  Co.  has  been  established  at  Pressburg 
with  the  object  of  canalizing  towards  this  town  the  traffic  from  the 
Elbe  to  the  Danube.  It  is  stated  that  the  preparatory  negotiations 
have  been  terminated.  The  canal,  which  will  have  a  length  of  555 
kilometers,  will  end  at  Pressburg,  where  a  modern  bridge  will  be 
erected.  The  company  will  have  agencies  at  Hamburg,  Aussig  and  in 
Roumania. 

The  Meuse  Canal,  Belgium 

There  is  a  strong  movement  in  Belgium — which  many  notables  are 
supporting — to  canalize  the  middle  Meuse  from  Liege  to  the  Dutch 
frontier,  making  a  boat  canal  to  take  2  000-ton  boats  from  Lische  to 
Antwerp. 


National   Congress   of   Belgian   Architects 

The  National  Congress  of  Architects  had  expressed  a  wish  that 
there  should  be  organized  a  "Committee  of  Allotment  or  Distribution  of 
Architectural  Works",  composed  of  nine  members  to  be  elected  by  the 
architects  of  the  various  devastated  regions.  This  Committee  has 
been  formed,  according  to  La  Libre  Belgique,  but  Flanders  "Occi- 
dentale"  is  represented  by  an  architect  who  is  foreign  to  the  province, 
and  not  a  member  of  the  only  society  of  architects  established  there 
and  affiliated  with  the  Federation.  The  candidates  of  this  society 
have  been  eliminated.  The  society  protests  and  asks  the  competent 
ministry  to  intervene. 
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Rebuilding  of  Rheims 

The  Rheims  Municipal  Council  has  approved  a  rebuilding  scheme 
submitted  by  Mr.  George  Ford,  formerly  an  American  Red  Cross 
officer  in  France. 

The  areas  destroyed  by  shell-fire  during  the  war  will  be  rebuilt 
with  old-fashioned  houses  and  thoroughfares  in  keeping  with  the  rest 
of  the  town. 


BRIEF  NOTES 

In  concluding  his  address  as  retiring  President  of  the  Western 
Society  of  Engineers,  A.  S.  Baldwin,  M.  Am.  Soc.  C,  E.,  made  the 
following  significant  statement :  "As  an  Engineer,  I  have  been  endeavor- 
ing by  cold  analysis  to  resolve  the  most  potent  and  practical  force  that 
is  at  the  disposal  of  the  Engineer  for  the  accomplishment  of  great 
works,  and  I  arrive  at  the  conclusion  that  it  is  the  force  of  Good  Will. 
The  world  is  in  desperate  need  of  it  to-day,  and  I  believe  that  when 
that  force  is  fully  and  fairly  recognized  and  used  as  a  means  to  an  end, 
the  world  will  see  works  of  magnitude  and  beauty  so  far  in  advance 
of  the  works  of  to-day  as  to  be  beyond  the  present  conception  of  man." 

The  National  Research  Council  has  received  from  the  Southern 
Pine  Association  a  gift  of  $10  000  to  pay  for  incidental  expenses  of  a 
co-ordinated  scientific  study  by  a  number  of  investigators  of  the 
re-growth  of  trees  on  cut-over  forest  lands,  for  the  purpose  of  deter- 
mining the  best  forestry  methods  for  obtaining  the  highest  productivity. 

Nearly  Y5  colleges  throughout  the  country  are  conducting  campaigns 
for  endowment  funds  to  increase  the  pay  of  their  professors  and  to 
provide  new  buildings  and  facilities.  The  estimated  total  sought  is 
more  than  $200  000  000. 

Plans  for  the  reconstruction  of  the  operating  organization  of  the 
Pennsylvania  Railroad  system  on  termination  of  Government  control 
on  March  1st  were  adopted  by  the  Board  of  Directors.  Among  the 
changes  are  greater  unification  of  the  system  for  operating  purposes, 
establishment  of  a  new  organization  affecting  all  departments  and  the 
creation  of  a  regional  plan  of  operation  and  management. 

About  one-third  of  the  men  of  draft  age  in  the  United  States  are 
engaged  in  agriculture  and  allied  occupations  and  another  third  in 
manufacturing  and  mechanical  industries.  This  is  shown  by  records 
of  both  the  census  and  draft  registrations.  Nearly  9  000  000  men 
between  the  ages  of  21  and  31  registered  in  the  first  draft. 

Captain  Craven,  Director  of  Naval  Aviation,  told  the  House  Naval 
Committee    that    two    superdirigibles,    the    largest    in    the    world,    are 
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planned  by  the  Navy,  and  that  one  of  them  now  being  built  in  England 
will  attempt  a  transatlantic  flight  next  fall. 

It  is  announced  from  Naples  that,  in  the  opinion  of  American 
officials  in  Italy,  more  Italians  will  emigrate  to  the  United  States  this 
year  (1920)  than  in  the  record  year  of  1913,  when  3Y5  000  left  that 
country  for  America. 

New  cable  lines  connecting  the  Brazilian  ports  of  Santos  and  Rio 
de  Janeiro  with  the  present  all- American  cable  system  at  Montevideo 
and  Buenos  Aires,  provide  direct  communication  between  the  United 
States  and  Brazil. 

Americanization  efforts  in  Cleveland  have  brought  about  a  shifting 
of  the  foreign-born  population,  which  is  no  longer  confined  to  territories 
near  industries.  Formerly,  the  foreign-born  were  grouped  in  settle- 
ments. Now,  with  every  industry  fostering  Americanization,  these 
settlements  are  becoming  mixed,  and  new  districts  are  developing. 
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ANNOUNCEMENTS 

The  Reading  Room  of  the  Society  is  open  from  9  A.  M.  to  10 
P.  M.,  every  day,  except  Sundays,  New  Year's  Day,  Memorial  Day, 
Fourth  of  July,  Labor  Day,  Thanksgiving  Day,  and  Christmas  Day; 
during  July  and  August,  it  is  closed  at  6  P.  M. 

FUTURE  MEETINGS 

April  7th,  1920. — 8.30  P.  M. — A  regular  business  meeting  will  be 
held,  and  a  paper  by  Herbert  C.  Keith,  M.  Am.  Soc.  C.  E.,  entitled 
"A  Novel  Method  of  Repairing  a  Swing  Bridge,"  will  be  presented  for 
discussion. 

This  paper  was  printed  in  Proceedings  for  February,  1920. 

April  2ist,  1920. — 8.30  P.  M. — At  this  meeting  a  paper  by 
S.  Johannesson  and  B.  H.  M.  Hewett,  Members,  Am.  Soc.  C.  E., 
entitled  "Notes  on  Tunnel  Lining"  will  be  presented  for  disciission. 

This  paper  is  printed  in  this  number  of  Proceedings. 

ENGINEERING  SOCIETIES   EMPLOYMENT  BUREAU 

Engineering  Societies  Employment  Bureau,  established  December 
1st,  1918,  as  an  activity  of  Engineering  Council,  is  managed  by  a  board 
made  up  of  the  Secretaries  of  the  four  Founder  Societies,  funds  for  its 
maintenance  being  provided  by  these  Societies.  The  Bureau  is  co- 
operating with  Engineering  organizations  in  all  parts  of  the  country 
and  with  the  Re-employment  Bureau  under  the  auspices  of  the  Amer- 
ican Legion.  It  is  desirous  of  increasing  such  co-operation  by  working 
with  local  engineering  associations  and  clubs.  The  work  of  the  Bureau 
since  its  inception  has  been  largely  in  the  line  of  securing  employ- 
ment for  men  retiring  from  government  war  service.  Members  of  the 
American  Society  of  Civil  Engineers  who  desire  to  register  with  this 
Bureau  should  apply  for  further  information,  registration  forms,  etc., 
to  Walter  Y.  Brown,  Manager,  Engineering  Societies  Employment 
Bureau,  First  Floor,  Engineering  Societies  Building,  29  West  39th 
Street,  New  York  City. 

SEARCHES  IN  THE  LIBRARY 

As  the  Library  of  the  American  Society  of  Civil  Engineers  has  been 
merged  in  the  Engineering  Societies  Library,  requests  for  searches, 
copies,  translations,  etc.,  should  be  addressed  to  the  Director,  Engineer- 
ing Societies  Library,  29  West  39th  Street,  New  York  City,  who  will 
gladly  give  information  concerning  the  charges  for  the  various  kinds 
of  service.  A  more  comprehensive  statement  in  regard  to  this  matter 
will  be  found  on  page  21  of  the  Year  Book  for  1920. 
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PAPERS  AND  DISCUSSIONS 

Members  and  others  who  take  part  in  the  oral  discussions  of  the 
papers  presented  are  urged  to  revise  their  remarks  promptly.  Written 
communications  from  those  who  cannot  attend  the  meetings  should  be 
sent  in  at  the  earliest  possible  date  after  the  issue  of  a  paper  in 
Proceedings. 

All  papers  accepted  by  the  Publication  Committee  are  classified  by 
the  Committee  with  respect  to  their  availability  for  discussion  at 
meetings. 

Papers  which,  from  their  general  nature,  appear  to  be  of  a  character 
suitable  for  oral  discussion  will  be  published  as  heretofore  in  Proceed- 
ings, and  set  down  for  presentation  to  a  future  meeting  of  the  Society, 
and,  on  these,  oral  discussion,  as  well  as  written  communications,  will 
be  solicited. 

All  papers  which  do  not  come  under  this  heading,  that  is  to  say, 
those  which  from  their  mathematical  or  technical  nature,  in  the  opinion 
of  the  Committee,  are  not  adapted  to  oral  discussion,  will  not  be 
scheduled  for  presentation  to  any  meeting.  Such  papers  will  be  pub- 
lished in  Proceedings  in  the  same  manner  as  those  which  are  to  be 
presented  at  meetings,  but  written  discussions  only  will  be  requested 
for  subsequent  publication  in  Proceedings  and  with  the  paper  in  the 
volumes  of  Transactions. 

The  Board  of  Direction  has  adopted  rules  for  the  preparation  and 
presentation  of  papers,  which  will  be  found  on  page  35  of  the  Year 
Book  for  1920. 

LOCAL  ASSOCIATIONS  OF  MEMBERS 
OF  THE  AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

San  Francisco  Association,  Organized  1905. 

M.  M.  O'Shaughnessy,  President;  Nathan  A.  Bowers,  Secretary- 
Treasurer,  502  Eialto  Building,  San  Francisco,  Cal. 

The  San  Francisco  Association  of  Members  of  the  American  Society 
of  Civil  Engineers  holds  regular  bi-monthly  meetings,  with  banquet, 
and  weekly  informal  luncheons.  The  former  are  held  at  6  p.  M.,  at  the 
Engineers'  Club,  57  Post  Street,  on  the  third  Tuesday  of  February, 
April,  June,  August,  October,  and  December,  the  last  being  the  Annual 
Meeting  of  the  Association. 

Informal  luncheons  are  held  at  noon,  every  "Wednesday,  at  the 
Engineers'  Club,  where  special  tables  are  reserved  for  members  and 
guests  of  the  Association. 

The  by-laws  of  the  Association  provide  for  the  extension  of _  hospi- 
tality to  any  member  of  the  Society  who  may  be  temporarily  in  San 
Francisco,  and  any  such  member"  will  be  gladly  welcomed  as  a  guest. 

Colorado  Association,  Organized  1908. 

W.  C.  Himtington,  President;  A.  IST.  Miller,  Secretary-Treasurer, 
1400  West  Colfax  Avenue,  Denver,  Colo. 
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The  meetings  of  the  Colorado  Association  of  Members  of  the  Ameri- 
can Society  of  Civil  Engineers  (Denver,  Colo.)  are  held  on  the  second 
Saturday  of  each  month,  except  July  and  August.  The  hour  and  place 
of  meeting  are  not  fixed,  but  this  information  will  be  furnished  on 
application  to  the  Secretary.  The  meetings  are  usually  preceded  by  an 
informal  dinner.  Members  of  the  American  Society  of  Civil  Engineers 
will  be  welcomed  at  these  meetings. 

Weekly  luncheons  are  held  on  Wednesday,  at  12.30  p.  M.,  at  Daniels 
and  Fisher's. 

Visiting  members  are  urged  to  attend  the  meetings  and  luncheons. 

Atlanta  Association,  Organized  1912. 

Y.  H.  Kriegshaber,  Piesident;  Howard  L.  Stillwell,  Secretary- 
Treasurer,  533  Trust  Co.  of  Georgia  Bldg.,  Care,  Southeastern  Under- 
writers' Association,  Atlanta,  Ga. 

Informal  luncheons  are  held  for  members  of  the  Association  on  the 
last  Monday  of  each  month,  at  12.30  p.  M.,  to  which  visiting  members 
of  the  American  Society  of  Civil  Engineers  will  be  welcomed.  The 
place  is  not  fixed,  but  this  information  will  be  furnished  on  application 
to  the  Secretary. 

Baltimore  Association,  Organized  1914. 

IT.  G.  Perring,  President,  3200  Carlisle  Avenue,  Baltimore,  Md. 

Cleveland  Association,  Organized  1914. 

W.  P.  Brown,  President;  George  H.  Tinker,  Secretary-Treasurer, 
516  Columbia  Building,  Cleveland,  Ohio. 

The  regular  meetings  of  the  Association  are  held  on  the  second 
Wednesday  of  each  month,  at  12.15  P.  M.,  in  the  Rooms  of  the  Electrical 
League,  on  the  Fourteenth  Floor  of  the  Statler  Hotel.  Luncheon  is 
served  at  these  meetings,  and  visiting  members  are  invited  to  attend. 

(Abstract  of  Minutes  of  Meeting) 

January  14th,  1920. — The  meeting  was  called  to  order  at  12.15 
P.  M. ;  President  W.  P.  Brown  in  the  chair ;  George  H.  Tinker,  Secre- 
tary; and  present,  also,  members  and  guests. 

The  minutes  of  the  meeting  of  December  10th,  1919,  were  read  and 
approved. 

The  report  of  the  Secretary-Treasurer  for  1919  was  read,  and  on 
motion,  duly  seconded,  was  accepted  and  ordered  filed. 

The  Chairman  announced  the  appointment  of  the  following  Com- 
mittees by  the  Executive  Committee :  Legislative  Committee,  Messrs. 
B.  R.  Leffler,  E.  J.  Newton,  and  F.  D.  Richards;  Member  of  the  Joint 
Gas  Committee,  Mr.  E.  B.  Thomas ;  and  Director  of  the  Association  on 
the  Board  of  Ohio  Technical  Societies,  Mr.  B.  R.  Leffler. 

A  communication  from  the  Philadelphia  Association  relative  to 
the  adoption  of  the  report  of  the  Development  Committee,  was  read, 
but  no  action  was  taken. 

Relative  to  a  communication  from  Engineering  Council,  it  was 
voted,  on  motion,  duly  seconded,  that  the  Board  of  Direction  be  advised 
that  it  is  the  sense  of  this  Association  that  the  Founder  Societies  pro- 
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vide  sufficient  funds  to  maintain  Engineering  Council  until  such  time 
as  a  permanent  organization  is  effected. 

The  Secretary  read  a  communication  from  the  Duluth  Association 
in  reference  to  the  nine  questions  prepared  by  the  Development  Com- 
mittee for  submission  to  the  membership.  On  motion,  duly  seconded, 
the  Secretary  was  directed  to  request  the  Board  of  Direction  to  transmit 
a  copy  of  its  reply  to  the  Duluth  Association. 

On  motion,  duly  seconded,  the  Secretary  was  directed  to  write  to 
the  members  of  the  Cuyahoga  Delegation  to  the  State  Legislature, 
advising  the  passage  of  the  Act  to  regulate  the  salaries  and  employment 
of  County  Draftsmen. 

Adjourned. 

Connecticut  Association,  Organized  1919. 

C.  M.  Saville,  President;  R.  J.  Ross,  Secretary,  Municipal  Building, 
Hartford,  Conn. 

The  Annual  Meeting  of  the  Association  is  held  in  April.  The 
Association  also  holds  fortnightly  meetings  alternating  between  Hart- 
ford and  New  Haven,  Conn.  These  meetings  are  informal  luncheon 
gatherings  held  usually  at  noon  on  Saturday,  a  notice  being  mailed  to 
each  member  calling  attention  to  the  date,  time,  place,  and  subject  for 
discussion.  Members  are  privileged  to  invite  guests  regardless  of  their 
affiliation  as  engineers.  No  set  speeches  are  scheduled,  but  certain 
members  are  asked  to  be  prepared  to  present  the  assigned  subject  and 
lead  in  a  general  discussion. 

Detroit  Association,  Organized  1916. 

Lewis  M.  Gram,  President;  Dalton  R  Wells,  Secretary-Treasurer, 
624  McKerchey  Building,  Detroit,  Mich. 

The  regular  meetings  of  the  Association  are  held  on  the  second 
Friday  of  December,  April,  and  October,  the  last  being  the  Annual 
Meeting. 

District  of  Columbia  Association,  Organized  1916. 

David  S.  Carll,  President;  James  H.  Van  Wagenen,  Secretary- 
Treasurer,  719  Fifteenth  Street,  N.  W.,  Washington,  D.  C. 

(Abstract  of  Minutes  of  Meetings) 

February  27th,  1920. — A  special  meeting  for  the  purpose  of  dis- 
cussing the  Questionnaire  Ballot  on  Development  being  voted  on  by 
the  corporate  members  of  the  Society,  was  called  to  order  at  Cosmos 
Club  Hall;  President  David  S.  Carll  in  the  chair;  James  H.  Van 
Wagenen,  Secretary;  and  present,  also,  48  members. 

The  minutes  of  the  Annual  Meeting  of  December  29th,  1919,  were 
read  and  approved. 

Mr.  Arthur  P.  Davis,  President  of  the  Society,  addressed  the  meet- 
ing, discussing  in  turn  each  question  to  be  voted  on.  Messrs.  George 
R.  Putnam,  D.  E.  McComb,  C.  W.  Kutz,  John  H.  Hanna,  O.  C.  Merrill, 
E.  0.  Barnard,  John  S.  Conway,  E.  F.  Wendt,  and  W.  A.  Slater  par- 
ticipated in  the  discussion  which  followed. 

President  Davis  pointed  out  the  inequality  of  the  method  of  rep- 
resentation recommended  by  the  Committee  on  Development  by  which 
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Local  Associations  of  100  members  or  more  were  to  have  one  delegate 
and  an  additional  delegate  for  each  additional  1  000  members  or  major 
fraction  thereof,  while  National  Associations  having  200  members 
were  to  have  one  delegate  and  an  additional  delegate  for  each  2  000 
additional  members  or  major  fraction  thereof.  He  said  no  valid  reason 
existed  for  giving  a  heavier  representation  to  the  Local  than  to  the 
National  Societies.  It  had  been  urged  that  many  of  the  members  of 
the  National  Societies  belong  to  local  societies  and  would  secure  their 
representation  in  this  way,  but  Mr.  Davis  said  this  argument  might 
just  as  well  be  turned  around  by  saying  that  local  members  were  often 
members  of  the  National  Societies  and  might  secure  their  representation 
through  the  latter.  Claiming  that  no  valid  reason  exists  for  the  dis- 
crimination proposed,  he  favored  the  application  of  the  same  rule  to 
both.  He  introduced  the  following  resolution,  which  was  seconded 
by  Mr.  Putnam  and  carried: 

"Resolved:  That  the*District  of  Columbia  Association  of  Members 
of  the  American  Society  of  Civil  Engineers  is  in  favor  of  giving  the 
same  basis  of  representation  to  all  organizations  forming  the  federation 
of  Engineering  Societies,  whether  such  organizations  are  National  or 
local,  with  a  maximum  limitation  of  representatives  from  any  one 
Society." 

Adjourned. 

Duluth  Association,  Organized  1917. 

G.  A.  Taylor,  President;  Walter  G.  Zimmermann,  Secretary,  Wolvin 
Building,  Duluth,  Minn. 

The  regular  meetings  of  the  Association  are  held  at  noon  on  the 
third  Monday  of  each  month  (usually  at  the  Kitchi  Gammi  Club), 
with  luncheon,  followed  by  a  short  business  session  and  the  reading  of 
papers.  Visiting  members  of  the  American  Society  of  Civil  Engineers 
can  secure  from  the  Secretary  definite  information  relative  to  the 
meetings,  at  which  they  will  be  welcomed.  The  Annual  Meeting  is 
held  on  the  third  Monday  in  May. 

Illinois  Association,  Organized  1916. 

A.  F.  Reichmann,  President;  W.  D.  Gerber,  Secretary-Treasurer, 
913  Chamber  of  Commerce,  Chicago,  111. 

The  regular  meetings  of  the  Association  are  held  on  the  second 
Monday  of  March,  June,  September,  and  December,  the  last  being 
the  Annual  Meeting.  The  hour  and  place  of  meetings  are  not  fixed, 
but  this  information  will  be  furnished  on  application  to  the  Secretary. 

Iowa  Association,  Organized  1920. 

J.  E.  Van  Liew,  President;  K  W.  Crum,  Secretary,  Iowa  State  Col- 
lege, Ames,  Iowa. 

Louisiana  Association,  Organized  1914. 

A.  T.  Dnsenbury,  President;  Eugene  E.  Delery,  Secretary,  602 
Sewerage  and  Water  Board  Building,  New  Orleans,  La. 

The  regular  meetings  of  the  Association  are  held  at  The  Cabildo, 
New  Orleans,  La.,  on  the  first  Monday  of  January,  April,  July,  and 
October. 
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(Abstract  of  Minutes  of  Meeting) 

February  9th,  1920. — The  meeting  was  called  to  order;  President 
Perrilliat  in  the  chair;  Eugene  F.  Delery,  Secretary;  and  present,  also, 
members  and  guests. 

On  motion,  duly  seconded,  the  sum  of  $150  was  appropriated  for 
the  National  Public  Works  Association,  and  it  was  decided  that  it  was 
the  opinion  of  those  present  that  the  Jones-Reavis  Bill  be  approved 
and  that  members  of  the  Association  be  requested  to  do  all  in  their 
power  to  further  this  end. 

The  officers  for  the  ensuing  year  were  elected,  as  follows:  President, 
A.  T.  Dusenbury;  First  Vice-President,  Ole  K.  Olsen;  Second  Vice- 
President,  A.  M.  Shaw;  Secretary,  E.  F.  Delery;  and  Treasurer,  W.  H. 
Williams. 

On  motion,  duly  seconded,  it  was  decided  to  try  to  obtain  papers  on 
various  subjects  from  members  for  presentation  at  future  meetings  of 
the  Association. 

Adjourned. 

Nebraska  Association,  Organized  1917. 

Clark  E.  Mickey,  President;  Homer  V.  Knouse,  Secretary-Treas- 
urer, 200  City  Hall,  Omaha,  Nebr. 

Regular  meetings  of  the  Association  are  held  on  the  first  Saturday 
of  each  month,  except  July  and  August,  and  at  such  places  as  may  be 
appointed  from  time  to  time  by  the  Executive  Committee.  The  Annual 
Meeting  is  held  in  Lincoln,  Nebr.,  on  the  second  Friday  in  January. 

Visiting  members  of  the  Society  are  especially  urged  to  communi- 
cate with  the  Secretary  when  in  the  city. 

New  York   Section,   Organized   1920. 

Robert  Ridgway,  President;  Lewis  D.  Rights,  Secretary,  256  Broad- 
way, New  York  City. 

The  Annual  Meeting  is  held  in  May.  The  times  and  places  of  other 
meetings  are  not  fixed,  but  this  information  will  be  furnished  on  appli- 
cation to  the  Secretary. 

(Abstract  of  Minutes  of  Meeting) 

February  i8th,  1920. — The  first  meeting  of  the  Section,  for  organi- 
zation, was  called  to  order  at  the  Engineering  Societies  Building. 
Present,  20  members. 

Messrs.  J.  Waldo  Smith  and  Clifford  M.  Holland  were  chosen  tem- 
porary President  and  temporary  Secretary,  respectively.  The  object  of 
the  meeting  was  explained.  Messrs.  Walter  E.  Spear,  Arthur  S.  Tuttle 
and  George  L.  Lucas  were  appointed  a  committee  to  nominate  officers. 

Resolutions  were  passed  declaring  the  Section  formed,  adopting 
the  form  of  Constitution  approved  January  20th,  1920,  by  the  Board  of 
Direction  and  authorizing  a  general  call  to  members  of  District  No.  1 
to  join. the  Section. 

The  report  of  the  Nominating  Committee  was  presented  and  the 
following  officers  were  elected,  to  serve  until  the  Annual  Meeting  in 
May:  President,  Robert  Ridgway;  First  Vice-President,  J.  Waldo 
Smith;    Second    Vice-President,    Allen    Hazen;    Secretary,    Lewis    D. 
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Rights;  Treasurer,  Frederick  C.  Noble;  and  Directors,  Otis  E.  Hovey 
and  R.  S.  Buck. 

On  motion  of  Mr.  S.  N.  Castle,  the  President  was  authorized  to 
appoint  representatives  to  participate  in  a  joint  conference  of  repre- 
sentatives of  other  local  sections  of  National  engineering  and  technical 
societies  and  local  engineering  societies.  On  motion  of  Mr.  Hovey, 
the  number  of  representatives  was  fixed  at  three. 

The  meeting  was  also  addressed  by  Messrs.  Daniel  Bontecou, 
Arthur  S.  Tuttle,  Herbert  C.  Keith,  and  Charles  Hansel. 

Adjourned. 

Northwestern  Association,  Organized   1914. 

Ralph  D.  Thomas,  President;  W.  N.  Jones,  Secretary,  City  Engi- 
neer's Ofiice,  City  Hall,  Minneapolis,  Minn. 

The  meetings  of  the  Association  are  held  bi-monthly,  alternating 
between  St.  Paul  and  Minneapolis,  on  the  third  Friday  of  each  month. 
Information  as  to  the  time  and  place  of  such  meetings  will  be  furnished 
on  application  to  the  Secretary. 

Philadelphia  Association,  Organized  1913. 

S.  M.  Swaab,  President;  Henry  T.  Shelley,  Secretary,  416  City 
Hall,  Philadelphia,  Pa. 

The  regular  meetings  of  the  Association  are  held  at  the  Engineers' 
Club  of  Philadelphia,  1317  Spruce  Street,  on  the  first  Monday  in 
rFanuary,  April,  and  October,  the  last  being  the  Annual  Meeting.  Spe- 
cial meetings  will  also  be  held  during  the  winter,  in  order  to  provide 
an  opportunity  for  members  to  take  a  more  active  part  in  the  work  of 
the  Association. 

(Abstract  of  Minutes  of  Meeting) 

March  ist,  1920. — A  special  meeting  was  called  to  order  at  the 
Engineers'  Club;  President  S.  M.  Swaab  in  the  chair;  H.  T.  Shelley, 
Secretary;  and  present,  also,  40  members  and  guests. 

The  President  introduced  Maj.  Walter  Loring  Webb  as  the  speaker 
of  the  evening.  Maj.  Webb  read  an  interesting  paper  on  "The  Work 
of  the  Valuation  Section  of  the  Renting,  Requisitions  and  Claims 
Service  of  the  United  States  Army  in  France."  He  was  given  an 
enthusiastic  greeting  from  the  members  and  was  tendered  a  vote  of 
thanks  for  his  appearance  before  the  Association. 

Mr.  Richard  L.  Humphrey  spoke  on  the  questionnaire  submitted  to 
letter  ballot  and  of  the  sentiment  in  favor  of  the  proposed  development 
of  the  Society  in  diiferent  sections  of  the  country.  The  subject  was 
very  generally  discussed  by  the  members  present. 

Adjourned. 

Pittsburgh  Association,  Organized   1917. 

Morris  Knowles,  President;  Nathan  Schein,  Secretary-Treasurer, 
426  City-County  Building,  Pittsburgh,  Pa. 

The  Annual  Meeting  of  the  x\ssociation  is  held  on  the  first  Mon- 
day in  October.  The  time  and  place  of  other  meetings  are  not  fixed,  but 
this  information  will  be  furnished  on  application  to  the  Secretary. 
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(Abstract  of  Minutes  of  Meeting) 

February  27th,  1920.— The  Special  Meeting  was  called  to  order  at 
8  P.  M.,  in  the  Union  Arcade  Auditorium;  Vice-President  N.  S. 
Sprague  in  the  chair;  Nathan  Schein,  Secretary;  and  present,  also, 
60  members. 

Chairman  Sprague  announced  the  purpose  of  this  Special  Meeting, 
namely,  "To  Consider  the  Secretaryship  and .  Important  Questions  of 
Policy  and  also  the  Report  of  the  Development  Committee  of  the 
American  Society  of  Civil  Engineers". 

The  minutes  of  the  previous  meeting  were  read  and  approved. 

The  Secretary  read  all  communications  that  had  been  received  by 
him  since  t>lae  last  meeting,  which  were  ordered  to  be  received  and  filed. 

Mr.  Richard  L.  Humphrey,  of  Philadelphia,  Pa.,  addressed  the  meet- 
ing at  length  on  the  report  of  the  Development  Committee  and  also 
on  the  proposed  federation  of  all  engineering  societies. 

Mr.  Richard  Khuen,  Chairman  of  the  Internal  Relations  Com- 
mittee, gave  an  informal  talk  on  the  progress  of  his  Committee  on  the 
affiliation  of  engineers'  societies  in  Pittsburgh. 

On  motion,  duly  seconded,  this  Committee  on  Local  Affiliations  was 
authorized  to  represent  this  Association  at  a  conference  relative  to  the 
organization  of  all  engineering  societies  of  the  United  States,  which 
was  authorized  at  the  Annual  Meeting  of  the  Society. 

On  motion,  duly  seconded,  a  general  discussion  of  Mr.  Humphrey's 
tiddress  was  ordered. 

Mr.  C.  M.  Reppert  presented  the  following  resolution: 

"Whereas,  The  report  of  the  Development  Committee  was  endorsed 
by  the  Association  at  a  previous  meeting  and  approved  at  the  Annual 
Meeting  of  the  Society,  and  as  the  fundn  mental  elements  of  the  Devel- 
opment Report  have  been  submitted  in  a  questionnaire  ballot  by  letter 
to  the  membership  by  the  Board  of  Direction, 

"Therefore,  he  it  Resolved,  That  it  is  the  sense  of  this  Association 
that  Questions  "A",  1  to  3,  inclusive,  "External  Relations,"  and  Ques- 
tions "B",  1  to  6,  inclusive,  "Internal  Relations,"  should  be  answered  in 
the  affirmative,  and  Question  "B"-7  in  the  negative;  and  that  the 
President  is  hereby  authorized  and  directed  to  appoint  a  committee 
of  seven  members  to  conduct  a  campaign  to  arouse  interest  and  impress 
upon  the  membership  of  the  Society  in  the  Pittsburgh  District,  the 
importance  of  so  voting  upon  the  vital  questions  submitted  in  the  ballot 
to  insure  the  accomplishment  of  the  recommendations  of  the  Develop- 
ment Committee." 

It  was  moved  and  seconded  that  this  resolution  be  adopted. 

The  resolution  was  discussed  by  Messrs.  George  S.  Davison,  J.  N. 
Chester,  Richard  Khuen,  and  Richard  L.  Humphrey. 

The  Secretary  read  communications  from  Director  Edward  E.  Wall, 
of  St.  Louis,  Mo.,  and  Col.  H.  S.  Crocker,  relative  to  the  Secretaryship 
of  the  American  Society  of  Civil  Engineers. 

On  motion,  duly  seconded,  these  communications  were  received  and 
ordered  to  be  filed. 

Adjourned. 
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Portland  (Ore.)  Association,  Organized  1913. 

J.  C.  Stevens,  President;  C.  P.  Keyser,  Secretary,  318  City  Hall, 
Portland,  Ore. 

The  Annual  Meeting  of  the  Association  is  held  on  the  second  Friday 
in  January.  Other  meetings  are  called  by  the  President  and  are  usually 
convened  on  Friday  evenings.  The  place  is  not  fixed,  but  this  informa- 
tion may  be  obtained  on  application  to  the  Secretary.  All  members 
of  the  American  Society  of  Civil  Engineers  are  cordially  invited  to 
attend  the  meetings. 

(Abstract  of  Minutes  of  Meeting) 
January  9th,   1920. — The  Annual  Meeting  was  called  to  order  at 
8  p.  M.,  at  the  University  Club;  President  Thomson  in  the  chair;  C.  P. 
Keyser,  Secretary;  and  present,  also,  36  members  and  3  guests. 

The  minutes  of  the  meeting  of  September  26th,  1919,  were  read  and 
api)roved. 

On  motion,  duly  seconded,  the  bills  were  ordered  to  be  carried  over 
to  the  next  meeting,  pending  the  Treasurer's  report. 

Reporting  back  from  the  Conference  on  Co-ordination  of  Local 
Technical  Organizations,  President  Thomson  read  a  draft  of  a  pro- 
posed Constitution  for  the  Oregon  Technical  Council,  which,  on 
motion,  duly  seconded,  was  adopted,  as  amended,  section  by  section. 
The  subject  was  discussed  by  Messrs.  Reed,  Edmondstone,  Dieck,  Plum- 
mer,  Mason,  Stevens,  IToffmark,  Purcell,  and  Henny. 

In  reference  to  the  use  of  a  union  label  on  working  drawings,  the 
Secretary  presented  a  resolution  which  he  stated  he  had  prepared  and 
referred  to  the  Secretary  of  the  Society,  who,  in  turn,  had  referred  the 
whole  matter  to  Engineering  Council.  A  letter  from  the  Secretary  of 
Engineering  Council  was  read,  asking  for  further  information  on  the 
subject,  and  stating  that  the  matter  would  be  presented  at  the  meeting 
of  the  Council  on  December  18th,  1919.  Nothing  further  had  devel- 
oped and,  on  motion,  duly  seconded,  the  question  was  laid  on  the  table. 
Mr.  R.  F.  Hoifmark,  Chairman  of  the  Committee  on  Resolution 
favoring  the  Jones-Reavis  Bill,  offered  the  following  resolution  which, 
on  motion,  duly  seconded,  was  adopted: 

"Whereas,  The  Portland  Chapter  of  the  American  Society  of  Civil 
Engineers  believes  that  the  passage  of  the  Jones-Reavis  Bill 
for  the  creation  of  a  Department  of  Public  Works  would 
greatly  add  to  the  efficiency  of  Government  activities  along 
technical  and  scientific  lines  and  that  it  would  terminate  the 
costly  and  antiquated  methods  of  division  of  these  activities 
over  numerous  bureaus  scattered  through  nearly  all  the  depart- 
ments of  our  Government,  it  is 
"Resolved,  That  we  urge  upon  our  representatives  in  Congress  that 
they  give  this  measure  their  energetic  support  and  that  a  copy 
of  this  resolution  be  mailed  to  each  member  of  the  Oregon 
Congressional  delegation  and  to  the  public  press." 

Mr.  D.  C.  Henny,  Chairman  of  the  Oregon  State  Committee  on 
National  Department  of  Public  Works,  outlined  the  work  of  that  Com- 
mittee and  stated  that,  through  co-operation  with  Spokane  and  Seattle, 
Mr.  J.  C.  Ralston  had  been  sent  as  a  delegate  from  District  No.  12  to 
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the  Conference  to  be  lield  in  Washington,  D.  C,  on  Janvxary  13th,  1920. 
On  motion,  duly  seconded,  it  was  voted  that  the  Association  concur  in 
the  nomination  of  Mr.  Ralston  as  its  delegate  to  the  Conference. 

In  reference  to  the  questionnaire  report,  Mr.  G.  C.  Mason  reported 
that  it  had  been  filed  with  the  Committee  on  Development  of  the 
Society,  and  was  in  statu  quo  awaiting  the  action  of  the  Society  on  the 
Development  Committee's  report. 

On  motion,  duly  seconded,  the  Association  subscribed  $5.00  for 
membership  in  the  Oregon  Irrigation  Congress. 

On  motion,  duly  seconded,  the  Association  approved  the  report 
of  the  Development  Committee,  and  the  Secretary  was  instructed  to 
advise  the  Board  of  Direction  that  the  Association  strongly  favors 
action  on  the  report. 

Mr.  G-.  B.  Hegardt  called  attention  to  the  need  for  funds  to  com- 
plete the  Engineering  Laboratory  at  the  Oregon  Agricultural  College, 
and,  on  motion,  duly  seconded,  the  Secretary  was  instructed  to  draft 
and  transmit  a  resolution  favoring  such  eifort. 

The  Secretary  read  the  Annual  Report  of  the  officers.  Owing  to 
the  illness  of  the  Treasurer,  the  financial  statement  was  omitted,  and, 
on  motion,  duly  seconded,  the  Secretary  was  instructed  not  to  file  the 
report  until  a  subsequent  meeting. 

The  Secretary  presented  a  communication  from  Mr.  J.  C.  Stevens 
in  which  he  invited  all  members  who  were  members  of  the  Chamber  of 
Commerce  to  lunch  there  at  a  table  which  had  been  reserved  for 
technical  men.  Mr.  M.  E.  Reed  called  the  attention  of  the  members 
to  the  hospitality  of  the  University  Club,  suggesting  that  members 
lunch  there,  and,  on  motion,  duly  seconded,  the  Secretary  was  instructed 
to  convey  an  expression  of  appreciation  by  the  Association  to  the  officers 
of  the  University  Club  for  courtesies  extended  to  the  Association. 

The  Secretary  read  a  communication  from  Mr.  Harry  Hawgood,  in 
which  he  requested  an  expression  of  preference  of  cities  in  District 
No.  11  as  a  place  for  holding  the  Annual  Convention  of  the  Society. 
President  Thomson  directed  the  Secretary  to"  reply  that  the  Association 
would  prefer  Los  Angeles,  Cal.,  to  any  other  city  in  District  No.  11. 

President  Thomson  appointed  Messrs.  W.  G.  Brown  and  P.  H.  Dater 
as  Tellers  in  the  annual  election  of  officers,  and,  on  their  report,  the 
following  officers  were  declared  elected:  President,  J.  C.  Stevens; 
Second  Vice-President,  F.  M.  Randlett;  Treasurer,  C.  J.  McGonigle; 
and  Secretary,  C.  P.  Keyser. 

Mr.  Mason  addressed  the  meeting  on  "Some  Aspects  of  Industrial 
Development",  and  was  followed  by  Mr.  Robert  G.  Dieck  on  "Municipal 
and  Harbor  Improvements  with  Particular  Reference  to  the  Develop- 
ment of  Industrial  Sites". 

Adjourned. 

St.  Louis  Association,   Organized    i888    (Constitution  Approved  by 
Board,  1914). 

Edward  E.  Wall,  President;  C.  W.  S.  Samraelman,  Secretary- 
Treasurer,  300  City  Hall,  St.  Louis,  Mo. 

The  Annual  Meeting  of  the  Association,  for  the  election  of  officers 
and  for  the  transaction  of  business,  is  held  on  the  fourth  Monday  in 
November.     Two  meetings  each  year,  for  the  presentation  and  discus- 
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sion  of  technical  papers,  are  held  in  the  Auditorium  of  the  Engineers' 
Club  of  St.  Louis  and  are  open  to  members  of  the  Associated  Societies. 
Other  "get-together"  meetings  are  held  regularly  for  dinner  or  luncheon 
on  the  fourth  Monday  of  each  month  except  July,  August,  and 
November. 

(Abstract  of  Minutes  of  Meetings) 

November  24,  1919.— The  meeting  was  called  to  order  at  12.15 
p.  M.,  at  the  American  Hotel;  President  J.  A.  Ockerson,  in  the  chair; 
S.  Sammelman,  Secretary ;  and  present,  also,  21  members  and  guests. 

The  minutes  of  the  previous  meeting  were  read  and  approved. 

A  letter  from  C.  T.  Chenery,  Secretary  of  the  Engineers',  Archi- 
tects', and  Constructors'  Conference  on  National  Public  Works,  was 
read  and  referred  to  Mr.  Baxter  L.  Brown. 

The  Secretary  read  a  communication  from  Mr.  Harry  Hawgood, 
Director  from  District  No.  11,  requesting  an  expression  of  the  Associa- 
tion's preference  in  regard  to  holding  the  Annual  Convention  of  the 
Society  at  Los  Angeles,  Cal.,  or  Houston,  Tex.  A  vote  of  those 
present  showed  13  favoring  Houston,  4  favoring  Los  Angeles,  and 
6  not  voting. 

A  letter  soliciting  funds  for  the  support  of  Engineering  Council 
was  read,  and,  on  motion,  duly  seconded,  it  was  decided  that  Council 
be  supported  and  Secretary  El  inn  be  notified  of  the  action  of  the 
Association. 

The  report  of  the  Secretary  was  read  and  approved.  The  report  of 
the  Treasurer  was  presented,  and,  on  motion,  duly  seconded,  he  was 
instructed  to  submit  it  to  the  Executive  Committee  to  be  audited. 

The  Nominating  Committee,  consisting  of  Messrs.  H.  P.  Taussig, 
W.  S.  Dawley,  and  W.  E.  Rolfe,  reported  on  nominees  for  officers  of 
the  Association  for  1920,  as  follows:  President,  Edward  E.  Wall;  Vice- 
Presidents,  J.  W.  Woermann  and  E.  B.  Fay;  Secretary-Treasurer, 
S.  Sammelman;  and  as  representatives  of  the  Association  on  the 
Joint  Council  of  the  Associated  Engineering  Societies,  Messrs.  E.  G. 
Jonah  and  W.  J.  Burton. 

On  motion,  duly  seconded,  it  was  ordered  that  further  nominations 
be  closed,  and  that  the  Secretary  be  instructed  to  cast  a  ballot  declaring 
those  designated  by  the  Nominating  Committee  to  be  elected  for  the 
ensuing  year. 

President  Ockerson  turned  over  the  chair  to  President-elect  Wall, 
and  a  rising  vote  of  thanks  was  tendered  Mr.  Ockerson  for  the  efficient 
and  effective  work  he  had  accomplished  during  his  term  of  office  as 
President. 

President  Wall  reported  on  the  proceedings  of  the  meeting  of  the 
Board  of  Direction  of  the  Society  held  in  New  York  City. 

On  motion,  duly  seconded,  it  was  ordered  that  the  meetings  of  the 
Association  be  continued  on  the  fourth  Monday  of  each  month,  and 
that  the  decision  as  to  whether  they  be  noonday  or  evening  meetings 
be  left  to  the  judgment  of  the  President. 

Adjourned. 

December  15th,  1919. — The  meeting  was  called  to  order  at  the 
American  Hotel;  President  Edward  E.  Wall  in  the  chair;  S.  Sammel- 
man, Secretary;  and  present,  also,  25  members  and  guests. 
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The  minutes  of  the  previous  meeting  were  read  and  approved. 

The  President  presented  the  report  of  the  Special  Committee 
appointed  by  the  Board  of  Direction  to  study  and  review  the  report  of 
the  Development  Committee.  After  a  lengthy  discussion  of  Part  1  of 
the  report,  and  Appendix  A,  it  was  the  opinion  of  the  members  present 
that  the  scheme  for  a  Joint  Engineering  Council,  outlined  in  Appendix 
A,  was  in  no  way  preferable  to  the  proposition  of  the  Joint  Conference 
Committee  as  set  forth  under  the  head  of  "National  Engineering 
Organization"  on  page  12  of  the  report  of  the  Development  Committee. 

President  Wall  presented  a  scheme  for  a  National  Engineering 
Organization  following  out  the  ideas  of  the  Joint  Conference  Com- 
mittee, but  modifying  its  recommendations  as  to  the  basis  of  repre- 
sentation. This  proposition  met  with  the  unanimous  approval  of  the 
members  present,  and  it  was  duly  moved,  seconded,  and  carried  that 
it  was  the  sense  of  the  meeting  that  the  modified  scheme  for  a  National 
Engineering  Organization  as  presented  by  President  Wall  was  pref- 
erable to  anything  considered  so  far,  and  that  this  scheme  was  approved 
and  recommended  to  the  Committee  for  its  consideration. 

The  remainder  of  the  Alvord  Committee's  report  was  considered,  and, 
in  the  main,  was  satisfactory  to  the  meeting,  although  there  was  con- 
siderable discussion  over  the  question  of  doing  away  with  the  resident 
membership  and  raising  the  dues  as  much  as  $10.00  per  member.  It  was 
finally  decided  to  leave  the  matter  open  until  more  details  were  sub- 
mitted through  the  Board  of  Direction  as  to  the  manner  in  which  the 
increased  revenue  would  be  expended. 

The  meeting  then  took  up  the  report  of  the  Development  Com- 
mittee, commencing  with  Division  D.  The  general  conclusion  as  to 
the  definition  of  "Engineering"  was  that  such  a  definition  should  be 
left  very  general  and  could  not  be  made  specific ;  also  that  an  effort  to 
define  an  engineer  so  that  he  could  be  easily  segregated  from  artisans 
and  mechanics  was  exceedingly  difiicult,  and  in  any  event  was^  not 
necessary  for  the  purpose  of  drawing  up  a  satisfactory  statute  for  either 
the  licensing  or  registration  of  engineers.  The  recommendations  of  the 
Committee  on  "Engineering  Education"  and  "Arbitration  and  Expert 
Testimony"  were  approved  by  the  meeting. 

Adjourned. 

San  Diego  Association,  Organized  1915. 

W.  C.  Earle,  President;  R.  C.  Wueste,  Secretary-Treasurer,  Bonita, 
Cal. 

Seattle  Association,  Organized  1913. 

John  L.  Hall,  President;  Bertram  D.  Dean,  Secretary,  1711  Ravenna 
Boulevard,  Seattle,  Wash. 

The  regular  meetings  of  the  Association,  with  luncheon,  are  held 
at  the  Engineers'  Club,  Arctic  Building,  Third  Avenue  and  Cherry 
Street,  at  12.15  p.  m.,  on  the  last  Monday  of  each  month.  Informal 
luncheons  are  also  held  at  12.15  P.  M.,  every  Monday  at  the  Engineers' 
Club. 

Special  evening  meetings  are  held  from  time  to  time  for  the  purpose 
of  discussing  important  topics,  and  information  concerning  these  meet- 
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ings  may  be  had  by  addressing  the  Secretary.  All  members  in  any 
grade  of  the  American  Society  of  Civil  Engineers  are  cordially  invited 
to  attend  the  meetings  when  in  the  vicinity,  and,  if  located  in  this 
District  for  any  length  of  time,  their  membership  in  the  Association 
will  be  appreciated. 

(Abstract  of  Minutes  of  Meeting) 

February  9th,  1920. — The  Annual  Meeting  was  called  to  order  at 
8  P.  M.,  at  the  Engineers'  Club;  President  L.  M.  Grant,  in  the  chair; 
Grlenville  A.  Collins,  Secretary;  and  present,  also,  30  members  and  guests. 

The  minutes  of  the  last  meeting  were  approved,  as  read. 

The  Secretary  read  the  Annual  Reports  of  the  Secretary  and 
Treasurer,  and  also  a  letter  from  Mr.  J.  C.  Ralston  giving  a  detailed 
report  on  his  activities  in  Washington,  D.  C,  on  behalf  of  the  Associa- 
tion, regarding  the  Department  of  National  Public  Works. 

On  motion,  duly  seconded,  and  passed  unanimously,  the  Secretary 
was  instructed  to  thank  Mr.  Ralston  on  behalf  of  the  Association  for 
his  able  report  of  work  accomplished. 

Officers  for  the  ensuing  year  were  elected  as  follows:  John  L.  Hall, 
President;  Carl  H.  Reeves,  Vice-President;  and  Bertram  D.  Dean, 
Secretary-Treasurer. 

After  the  installation  of  the  new  officers,  addresses  were  given  as 
follows:  By  Col.  J.  A.  Woodruff,  Engineer  Corps,  U.  S.  A.,  on  "The 
Work  of  the  Division  of  Construction  and  Forestry  in  France";  by 
Prof.  C.  C.  More,  of  the  University  of  Washington,  on  "The  Engineers' 
School  at  Camp  A.  A.  Humphreys";  and  by  A.  H.  Dimock,  City 
Engineer,  on  "The  Skagit  River  Power  Development". 

Adjourned. 

Southern  California  Association,  Organized  1914. 

W.  K.  Barnard,  President;  Floyd  Q.  Dessery,  Secretary,  514  Central 
Building,  Los  Angeles,  Cal. 

The  Southern  California  Association  of  Members  of  the  American 
Society  of  Civil  Engineers  (Los  Angeles,  Cal.)  holds  regular  monthly 
meetings  on  the  second  Wednesday  of  each  month,  the  December  meet- 
ing being  the  Annual  Meeting. 

Informal  luncheons  in  connection  with  tlie  Joint  Technical  Societies 
of  Los  Angeles  are  held  at  12.15  p.  M.^,  every  Thursday  at  the  Broadway 
Department  Store  Cafe. 

The  by-laws  of  the  Association  provide  for  the  extension  of  hospi- 
tality to  any  member  of  the  Society  who  may  be  temporarily  in  Los 
Angeles,  and  any  such  member  will  be  gladly  welcomed  as  a  guest  at 
any  of  the  meetings  or  luncheons. 

(Abstract  of  Minutes  of  Meeting) 

February  nth,  1920.— The  meeting  was  called  to  order  at  7.50  p  m., 
at  the  Jonathan  Club;  President  W.  K.  Barnard  in  the  chair;  F.  G. 
Dessery,  Secretary;  and  present,  also.  32  members  and  9  guests. 

The  minutes  of  the  January  meeting  were  approved,  as  written. 

President  Barnard  announced  the  death  of  Andrew  Christian  Han- 
sen, a  member  of  the  Association  and  City  Engineer  of  Los  Angeles, 
Cal.,  and  thereupon  a  committee  consisting  of  Messrs.  William  Mul- 
holland,   E.   T.   Wheeler,   and   E.   R.   Bowen,   presented  the   following 
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resolution,  which  was  adopted  unanimously  and  ordered  to  be  trans- 
mitted to  Mr.  Hansen's  widow: 

"Whereas,  it  has  pleased  the  Almighty  to  remove  from  our 
midst  our  distinguished  and  beloved  brother  engineer  and 
esteemed  friend,  Andrew  Christian  Hansen,  and 

"Whereas,  Andrew  Christian  Hansen  has  especially  distin- 
guished himself  by  his  valued  public  work  rendered  to  the 
City  of  Los  Angeles,  and  by  his  kindly,  courteous,  and  manly 
attitude  toward  his  fellow-men, 

"Therefore,  he  it  Resolved,  that  we  hereby  express  our 
deep  sense  of  the  great  loss  to  this  Association,  and  to  the 
community  he  so  well  served. 

"We  further  express  and  tender  our  sincere  sympathy  to 
his  bereaved  family,  and  implore  the  all-wise  Almighty,  in 
whose  bosom  our  departed  brother  rests,  to  sustain  and  com- 
fort these  relatives  in  this,  the  hour  of  their  affliction." 

A  letter  from  the  Hon.  Meredith  P.  Snyder,  Mayor  of  Los  Angeles, 
transmitting  to  the  Association  a  copy  of  a  report  on  Railroad  Grade 
Crossing  and  Terminal  Investigation  in  Los  Angeles,  was  read,  and, 
after  considerable  discussion,  it  was  determined  to  be  the  sense  of  the 
meeting  that  this  report  be  referred  to  a  special  committee  to  be 
appointed  by  the  Board  of  Directors,  to  report  to  the  Association  at  its 
next  meeting.  The  Board  of  Directors  appointed  the  following  to  serve 
on  the  Special  Committee:  Messrs.  Reed,  Anderson,  and  Dennis. 

The  Secretary  read  a  letter  and  resolution  (dated  January  29th, 
1920)  from  the  St.  Louis  Association,  criticising  the  action  of  the 
Board  of  Direction  at  the  67th  Annual  Meeting  relative  to  the  appoint- 
ment of  Dr.  Charles  Warren  Hunt  as  Secretary  Emeritus.  After 
explanations  by  Director  Hawgood  who  had  attended  the  meeting  at 
which  this  action  was  taken,  the  matter  appeared  in  an  entirely  different 
light,  the  final  vote  approving  Dr.  Hunt's  appointment  being  10  to  10 
and  not  15  to  13  as  stated  in  the  communication  from  the  St.  Louis 
Association. 

The  Secretary  read  a  letter  and  a  copy  of  a  resolution  adopted  by 
the  Joint  Council  of  the  Engineering  Societies  of  San  Francisco 
(January  27th,  1920),  inviting  the  Association  to  endorse  Mr.  Herbert 
C.  Hoover  for  President  of  the  L^nited  States.  After  considerable  dis- 
cussion, on  motion  by  Maj.  Leeds,  with  two  dissenting  votes,  the 
resolution  from  the  Joint  Council  of  the  Engineering  Societies  of 
San  Erancisco  was  ordered  to  be  modified  to  comply  with  the  require- 
ments of  the  Association  and  was  endorsed  as  the  sentiment  of  the 
meeting. 

President  Barnard  introduced  Mr.  Roy  Y.  Reppy,  Chief  Counsel 
of  the  Southern  California  Edison  Company,  and  formerly  in  charge 
of  flood  control  matters  in  the  County  Counsel's  office,  who  presented 
a  paper  on  "Political  and  Legal  Aspects  of  Flood  Control  in  Los 
Angeles  County",  and  Mr.  W.  H.  Code  read  a  paper  on  "Financial 
Features  and  Executive  Organizations  Provided  in  the  California  Con- 
servancy Act".  These  two  papers  threw  much  light  on  the  legal  and 
executive  sides  of  the  existing  Flood  Control  Acts. 

Director  Hawgood  made  an  extensive  report  relative  to  the  67th 
Annual  Meeting  of  the  Society,  and  explained  the  action  of  the  Board 
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of  Direction  in  holding  the  next  Annual  Convention  in  Houston,  Tex., 
as  being  caused  by  the  desire  to  stimulate  membership  in  the  South. 
He  also  advised  that  the  Board  of  Direction  will  meet  in  Los  Angeles 
in  July,  1920,  the  exact  date  to  be  decided  later. 

Mr.  Hawgood  also  discussed  the  progress  made  on  the  report  of  the 
Committee  on  Development,  advising  that  within  a  short  time,  a 
questionnaire  on  the  report  wovild  be  submitted  to  the  membership  for 
ballot.  The  discussion  of  the  report  of  the  Committee  on  Develop- 
ment, which  ensued,  brought  out  the  necessity  of  individual  action 
and  voting,  in  order  to  overcome  objections  to  it.  The  necessity  for 
individual  effort  as  well  as  teamwork  was  pointed  out  by  Mr.  G.  G. 
Anderson,  and,  on  motion,  duly  seconded,  it  was  determined  that,  at  the 
next  meeting  of  the  Association,  precedence  in  the  order  of  business  be 
given  to  a  consideration  of  the  proposed  questionnaire,  and  the  report 
of  the  Committee  on  Development  in  general,  followed  by  discussions 
of  Flood  Control  papers,  if  such  papers  were  offered. 

Owing  to  the  lateness  of  the  hour,  a  lengthy  communication  from 
Mr.  Samuel  Storrow  on  the  lack  of  proper  compensation  of  naval 
officers,  on  motion,  duly  seconded,  was  laid  on  the  table. 

Adjourned. 

Spokane  Association,  Organized  1914. 

Alfred  D.  Butler,  President;  Charles  E.  Davis,  Secretary -Treasurer, 
401  City  Hall,  Spokane,  Wash. 

The  regular  meetings  of  the  Association  are  held  on  the  second 
Friday  of  each  month,  except  July  and  August.  The  hour  and  place 
of  meeting  are  not  fixed,  but  this  information  will  be  furnished  on 
application  to  the  Secretary. 

Visiting  members  are  invited  to  attend  the  meetings. 

Texas  Association,  Organized  1913. 

Hans  Helland,  President;  E.  N.  JSToyes,  Secretary,  Deere  Building, 
Dallas,  Tex. 

Utah  Association,  Organized  1916. 

A.  B.  Yilladsen,  President,  304  Dooly  Bldg.,  Salt  Lake  City,  Utah. 

The  Annual  Meeting  of  the  Association  is  held  on  the  first  Wednes- 
day in  April.  The  time  of  other  meetings  is  not  fixed,  but  this  infor- 
mation will  be  furnished  on  application  to  the  President. 

PRIVILEGES  OF  ENGINEERING  SOCIETIES 

EXTENDED  TO  MEMBERS  OF  THE 
AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

Members  of  the  American  Society  of  Civil  Engineers  will  be  wel- 
come in  the  Reading  Rooms  and  at  the  meetings  of  many  engineering 
societies  in  all  parts  of  the  world.  A  list  of  such  societies  will  be  found 
on  pages  42  and  43  of  the  Year  Book  of  the  Society  for  1920. 

Upon  request  by  its  Board  of  Trustees,  the  Engineering  Societies 
of  Wisconsin,  Madison,  Wis.,  is  to  be  added  to  the  above-mentioned 
list,  and  its  members  are  accorded  the  usual  courtesies  and  privileges 
of  the  Headquarters  of  the  Society. 
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(From  February  1st  to  February  28th,  1920) 

The  statements   made   in   these   notices   are   taken  from   the  books 
themselves,  and  this  Society  is  not  responsible  for  them. 


DONATIONS  TO  ENGINEERING  SOCIETIES  LIBRARY 

EFFICIENT  BOILER  MANAQEMENT: 

With  Notes  on  the  Operation  of  Eeheating  Furnaces.  By  Chas.  F. 
Wade.  Lond.  and  N.  Y.,  Longmans,  Green  &  Co.,  1919.  14  +  266  pp., 
illus.,  tables,  9x6  in.,  cloth.     $1.50. 

The  author  of  this  work  endeavors  to  explain,  in  their  proper  sequence,  the 
elementary  scientific  principles  underlying  the  various  subjects  combined  in  boiler 
management  and  the  systematic  practical  application  of  these  principles  to  obtain 
the  greatest  efficiency.  TTie  book  is  intended  to  fill  the  gap  between  the  treatises 
on  the  chemistry  of  combustion,  etc.,  in  which  practical  applications  are  omitted, 
and  the  practical  text-books  on  boiler  plants,  which  give  little  attention  to  the 
fundamental  principles  governing  their  operation. 

ENGINEERING  MACHINE  TOOLS  AND  PROCESSES: 

A  Text-Book  for  Engineers,  Apprentices,  and  Students  in  Technical 
Institutes,  Trade  Schools,  and  Continuation  Classes.  By  Arthur  G. 
Robson.  Lond.  and  N.  Y.,  Longmans,  Green  &  Co.,  1919.  307  pp., 
illus.,  tables,  9x6  in.,  cloth.    $4.00. 

This  work  presents  a  course  in  the  systematic  study  of  machine  work  and 
machine  tools  which  is  practical  rather  than  theoretical  in  character.  The  methods 
and  machines  described  are  those  used  in  British  shops,  and  the  volume  is  intended 
for  use  in  that  country. 

AMERICAN  GAS  WORKS  PRACTICE  : 

Standard  Practical  Methods  in  Gas  Fitting,  Distribution,  and  Works 
Management.  By  George  Wherle.  N.  Y.,  Progressive  Age  Publishing 
Co.,  1919.    741  pp.,  illus.,  tables,  8x6  in.,  cloth.    $4.00. 

This  work  is  intended  as  a  general  reference  book  on  gas-works  practice  in  the 
United  States,  with  special  emphasis  on  gas-fitting  practice.  Approximately  one- 
half  of  the  book  is  devoted  to  the  latter  topic,  and  the  methods  used  in  street  and 
house  distribution,  standards  adopted,  etc.,  are  fully  described. 

CHILTON  AUTOMOBILE  DIRECTORY,  JANUARY,  1920. 

Published  Quarterly.  Phila.,  Chilton  Co.  1000  pp.,  10  x  6  in., 
cloth.     $5.00. 

This  quarterly  directory  of  the  automobile  industry  contains  a  classified  list  of 
the  American  manufacturers  of  passenger  and  commercial  motor  cars,  automobile 
equipment,  parts,  and  machinery  for  their  manufacture.  The  arrangement  is  alpha- 
betical, and  the  classification  is  quite  detailed.  In  addition,  the  book  contains  a 
directory  of  automobile  trade  associations,  a  table  of  the  serial  numbers  of  American 
motor  cars,  the  standards  of  the  Society  of  Automotive  Engineers,  and  various 
engineering  tables. 

*  Unless  otherwise  specified,  books  in  this  list  have  been  donated  by  the  publishers 
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MANUFACTURE  AND  USES  OF  ALLOY  STEELS. 

By  Henry  D.  Hibbard.  (Wiley  Engineering  Series.)  N.  Y.,  John 
Wiley  &  Sons,  Inc. ;  Lond.,  Chapman  &  Hall,  Ltd.,  1919.  14  +  96  pp., 
9x6  in.,  cloth.     $1.25. 

In  this  monograph,  the  author  has  tried  to  give  briefly  information  of  present 
value  relating  to  the  manufacture  and  uses  of  the  various  commercial  alloy  steels, 
with  the  hope  of  stimulating  the  demand  for  them  and  extending  their  practical  use. 
The  steels  considered  are  tungsten,  chromium,  manganese,  nickel,  silicon,  nickel- 
chromium,  chromium-vanadium,  and  high-speed  tool  steels.  Bibliographies  are  given 
for  each. 

TECHNICAL  METHODS  OF  ORE  ANALYSIS. 

By  Albert  H.  Low.  8th  edition.  N.  Y.,  John  Wiley  &  Sons,  Inc.; 
Lond.,  Chapman  &  Hall,  Ltd.,  1919.  388  pp.,  21  illus.,  tables,  9x6  in., 
cloth.     $3.25. 

This  manual  is  intended  primarily  for  the  technical  chemist,  for  whom  it 
provides  a  collection  of  tested  short  technical  methods  adapted  to  the  cases  most 
likely  to  be  met  in  practice,  which  are  described  with  minute  detail.  The  present 
edition  lias  been  thoroughly  revised,  and  a  number  of  new  methods  have  been  added. 

PROSPECTING  FOR  OIL  AND  GAS. 

By  L.  S.  Panyity.  N.  Y.,  John  Wiley  &  Sons,  Inc.,  1920.  249  pp., 
123  fig.,  28  tab.,  8x5  in.,  cloth.     $3.25. 

Tbis  work  is  written  for  practical  oil  men  and  the  general  public  interested  in 
oil  investments.  It  is  intended  to  provide  an  account  of  the  tools  and  methods  used 
by  scientific  prospectors  for  oil  and  gas  which  will  enable  those  without  special 
knowledge  of  geology  to  realize  what  may  be  expected  of  the  geologist,  to  analyze 
a  geological  report,  and  to  pass  judgment  on  its  merits.  The  book  is  based  on  a 
study  of  the  literature  and  the  practical  experience  of  the  author,  who  is  a  member 
of  the  American  Institute  of  Mining  and  Metallurgical  Engineers. 

THE  LABOR  MARKET. 

By  Don  D.  Lescohier.  K  Y.,  The  Macmillan  Co.,  1919.  338  pp., 
9  charts,  8x5  in.,  cloth.    $2.25. 

This  work  is  intended  for  general  readers,  employers,  legislators,  employment 
officials,  college  teachers,  and  students  of  the  employment  and  labor  problem.  The 
factors  of  supply  and  demand,  labor  market  machinery,  and  special  employment 
problems  are  discussed.  The  author  advocates  National  control  of  the  problem  of 
employment.     An  extensive  bibliography  is  included. 

FATIGUE  STUDY  : 

The  Elimination  of  Humanity's  Greatest  Unnecessary  Waste,  a  First 
Step  in  Motion  Study.  By  Frank  B.  Gilbreth  and  Lillian  M.  Gilbreth. 
N.  Y.,  The  Macmillan  Co.,  1919.     175  pp.,  plates,  8  x  5  in.,  cloth.     $1.50. 

This  book  is  a  study  of  fatigue  in  workmen  and  its  prevention.  It  aims  to 
determine  what  fatigue  results  from  various  types  of  work,  how  unnecessary  fatigue 
may  be  eliminated,  and  necessary  fatigue  reduced  to  a  minimum.  Numerous  appli- 
ances and  methods  are  described. 

APPLIED  MOTION  STUDY  : 

A  Collection  of  Papers  on  the  Efficient  Method  to  Industrial  Pre- 
paredness. By  Frank  B.  Gilbreth  and  L.  M.  Gilbreth.  N.  Y.,  The 
Macmillan  Co.,  1919.    220  pp.,  plates,  1  chart,  8x5  in.,  cloth.     $1.50. 

This  collection  describes  the  application  of  motion  study  in  various  fields  of 
activity  and  the  methods  by  which  it  is  applied.  It  also  gives  the  results  obtained 
in  various  cases  and  suggests  the  fields  in  which  it  may  be  used  with  benefit. 
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TIME  STUDIES  FOR  RATE  SETTING. 

By  Dwight  Y.  Merrick,  with  a  Foreword  by  Carl  G.  Barth.  N.  Y., 
The  Engineering  Magazine  Company,  1919.  366  pp.,  137  fig.,  9x6  in., 
leather.     $6.00. 

The  author  presents  in  amplified  form  the  principles  covering  time  study  for 
rate  setting,  describes  various  mechanisms  that  have  been  found  helpful  in  making 
and  using  such  studies,  and  presents  some  details  of  practice.  An  example  of  the 
application  of  time  studies  to  a  line  of  machine  tools  is  included,  together  with 
detailed  times  for  a  number  of  other  kinds  of  work. 

SAFETY  FUNDAMENTALS : 

Lectures  Given  by  the  Safety  Institute  of  America   (Maintaining 

The  American  Museum  of  Safety).    N.  Y.,  Safety  Institute  of  America, 

1920.     228  pp.,  illus.,  plates,  8x5  in.,  cloth.     $2.00. 

These  lectures  were  delivered  during  1919  before  an  audience  of  factory 
inspectors  employed  by  the  City  of  New  York,  the  States  of  New  York  and  New 
Jersey,  and  insurance  companies  in  and  near  New  York.  They  are  intended  to 
enlarge  the  knowledge  and  increase  the  experience  of  inspectors  with  respect  to  the 
various  fundamentals  that  affect  the  mind  and  body  of  the  workman.  Contents: 
The  Body  Which  Gets  Hurt;  The  Injured  Body  and  Its  Treatment:  (a),  Protective 
Clothing  for  Men;  (b).  Suitable  Work  Garments  for  Women  in  Industry;  Safe  Heads 
and  Good  Eyes ;  Guarding  Machinery ;  Arrangement  of  Machinery  and  Working 
Places ;  Heating  and  Ventilation  ;  Illumination  ;  Nature's  Forces  For  and  Against 
Workmen  ;  Safety  Education  and  Shop  Organization. 

ENGINEERINQ  EDUCATION: 

Essays  for  English,   Selected  and  Edited  by  Bay  Palmer  Baker. 

N".  Y.,  John  Wiley  &  Sons,  Inc.;  Lond.,  Chapman  &  Hall,  Ltd.,  1919. 

185  pp.,  8x5  in.,  cloth.     $1.25. 

Under  these  headings  the  Professor  of  English  in  the  Rensselaer  Polytechnic 
Institute  has  grouped  fourteen  essays,  written  by  prominent  American  and  English 
engineers  during  the  past  decade,  which  deal  witli  various  aspects  of  engineering 
education.  The  book  is  intended  for  use  in  elementary  courses  in  exposition  in 
schools  of  engineering.  Contents :  The  Origins  of  Engineering  Education ;  The 
Types  of  Engineering  Education  ;  The  Bases  of  Engineering  Education. 

INORGANIC  CHEMICAL  SYNONYMS 

And  Other  Useful  Chemical  Data.  By  Elton  R.  Darling.  N.  Y., 
D.  Van  Nostrand  Co.,  1919.    100  pp.,  7x4  in.,  cloth.    $1.00. 

The  author  has  collected  the  various  synonyms  that  have  been  used  in  scientific 
and  trade  literature  to  designate  the  chemicals  in  common  use  and  has  arranged 
them   so  that  the   substance  in   question    can   be   accurately   identified. 

PRINTING  TRADES  BLUE  BOOK  : 

National  Edition,  1920.  Chicago,  Edited  and  Published  by  A.  F. 
Lewis  &  Co.    287  pp.,  8x6  in.,  cloth. 

This  directory  contains  the  names  and  addresses  of  manufacturers  of  printers' 
and  bookbinders'  supplies  and  equipment,  arranged  by  firm  names  and  lines.  It  is 
intended  for  makers  and  users  of  printed  matter. 

MUNICIPAL  ENGINEERING  PRACTICE. 

By  A.  Prescott  Folwell.  N.  Y.,  John  "Wiley  &  Sons,  Inc.;  Lond., 
Chapman  &  Hall,  Ltd.,  1916.  422  pp.,  illus.,  plate,  1  table,  1  map,  9x6 
in.,  cloth.     $3.50. 

The  author  of  this  volume  has  tried  to  provide  a  text-book  treating  of  all  those 
matters  which  enter  into  the  work  of  a  city  engineer,  with  the  exception  of  sewerage, 
water  supply,  and  street  paving.  City  plans,  street  details,  bridges  and  waterways, 
city  sui-veying,  street  lights,  signs  and  numbers,  street  cleaning  and  sprinkling, 
waste  disposal,  markets,  comfort  stations,  baths,  parks,  cemeteries,  and  shade  trees 
are  discussed  at  greater  or  less  length. 
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PARKS  AND  PARK  ENQINEERINQ. 

By  William  T.  Lyle.  N.  Y.,  John  Wiley  &  Sons,  Inc. ;  Lond.,  Chap- 
man &  Hall,  Ltd.,  1916.    130  pp.,  illus.,  plates,  1  map,  9x6  in.,  cloth. 

$1.25. 

Tliis  book  is  prepared  for  the  benefit  of  inexperienced  engineers,  but  will  also, 
the  author  hopes,  be  useful  to  members  of  newly  formed  paik  associations  and  com- 
missions. Contents :  Desirability  and  Acquisition  of  Parks ;  Lands  and  Surveys ; 
Design  ;  Labor  and  Contracts  ;  Construction. 

MODERN  ROADS. 

By  H.  Percy  Boulnois.     Lond.,  Edward  Arnold,  1919.     302  pp.,  13 

plates,  figures,  charts,  tables,  8x5  in.,  cloth.     $5.75. 

This  book  is  intended  as  a  comprehensive  survey  of  the  present  status  of  road 
construction  and  maintenance  in  Great  Britain.  Water-bound  macadam  roads,  tarred, 
concrete,  and  bituminous  roads  and  pavements  are  included,  together  with  chapters 
on  bituminous  carpets,  waves  and  corrugations,  and  slippery  streets. 

HIGHWAY  INSPECTORS'  HANDBOOK. 

By  Prevost  Hubbard.  N.  Y.,  John  Wiley  &  Sons,  Inc.;  Lond., 
Chapman  &  Hall,  Ltd.,  1919.  372  pp.,  55  illus.,  diagrams,  tables,  7x4 
in.,  flexible  cloth.     $2.50. 

The  author  has  endeavored  to  present  most  of  the  important  details  of  highway 
construction  and  maintenance,  as  briefly  as  possible,  in  such  form  as  to  be  quickly 
available  to  the  inspector  who  wishes  to  be  told  what  to  do  rather  than  what  others 
have  done  under  similar  circumstances.  Considerable  explanatory  matter  has  been 
included,  and  diagrams  have  been  used  freely  to  present  data  in  convenient  form 
for  field  use.     The  volume  is  of  convenient  size  for  the  pocket. 
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ADDITIONS 

MEMBERS 

Bell,  Harry  VVALTO^^.     Cons.  Engr.,  Montrose,    )   Assoc.  M.  Nov.  12 

Miss j"  M.  Oct.  15 

Campbell,    Carroll    Alfred.     Director    of    Public    Works, 

City  of  Middletown,  Box  758,  Middletown,  Conn....  Jan.  19 

Cole,  Ernest  Delevax.     Asst.  Engr.,  Empire  /    .     "      ,,  „  ,' 

^        „    ^     ,   ^       T^     .,       ■,,      ^,  ,  ^  Assoc.  M.  Feb.  4 

Gas  &  Fuel   Co.,  Bartlesville,  Okla t   ,^  ^  .  ,- 

'  )  M.  Oct.  15 

Emory,  Lloyd  Tilghman.    Civ.,  Chemical,  and  '\  Jun.  Oct. 

Industrial  Engr.    (Emory  &  Eisenbrey),    >  Assoc.  M.     April 

919  Harrison  Bldg.,  Philadelphia,  Pa..    )  M.  Jan.     20 

Ford,    Howard    Carltox.      1350    Newton    St.,    f    .      '      ,^  ,,     '  „,' 

'  ^  ,  y  Assoc.  M.  May  31 

Denver,  Colo v  _ .  ^ 

)  M.  Jan.  20 

Fountain,  Thomas  Lilly.     Agricultural   and  '  \      '      ,^  \      .,  „ 

,,    ,     „  „     ^  ,,         „,    ,.        „  r  Assoc.  M.  April  6 

Mech.  Coll.,  College  Station,  Tex \  ^^  ^\ 

"  j  M.  Oct.  15 

Knowlton,    Lynn    Orlando.     Archt.    (Bass,    Knowlton    & 

Graham),  801  Hume  Mansur  Bldg.,  Indianapolis,  Ind.     Jan.     19 

Lenderink,  Andrew.     City   Engr.    (Res.,   632    |   Assoc.  M.     Oct.        1 
Summer  St. ) ,  Kalamazoo,  Mich \   M.  Jan.     20 

Mandigo,  Clark  Rogers.     Chf.  Engr.,  Western  "^ 

Paving  Brick  Mfrs.  Assoc,  317  Dwight    i    Assoc.  M.     Sept.      3 

Bldg.    (Res.,   3745  Flora  Ave.),  Kansas    f  M.  Jan.     20 

City,   Mo j 

Salisbury,  Alfred  James,  Jr.     Cons.   Hydr.   )    .  ,,     _^ 

„     '  ^  ,        ^,  ,        f  Assoc.  M.     Mar.    14. 

Engr.,   406   Mortgage    Guarantee    Bldg.,    >  • 

Los  Angeles,  Cal .) 

Sheibley,    Edward    Gwyn.     San.    Engr.    and   ^    .  ,^      ,, 

,,        ,„  .     ^     „      ,.     ,     ^        *  T  •  r  Assoc.  M.     Mar.    14 

Mgr.    (Private  Practice),  Care,  Univer-    I     , 

sity  Club,  Los  Angeles,  Cal ) 

Stevens,  Charles  Henry.     Head  Draftsman,  "^ 

Dept.  of  City  Transit,  1211  Chestnut  St.    !   Assoc.  M.     May 

(Res.,  5918  North  Park  Ave.),  Philadel-    f  M.  Jan.     20 

phia.  Pa J 

Turner,  Arthur  John.     Chf.  Engr.,  Columbia    )    ,  ,,      ,t  « 

^  ^^-.„  T     ,  .  f  Assoc.  M.     Mar.      2, 

Basin  Survey  Comm.,  2203  Jackson  Ave.,    V  ^ 

Spokane,    Wash ) 

Weakley,   Frank  Merrill.     Gen.   Contr.,   315   North   St., 

Portsmouth,  Va Jan.     19 

Wyse,     Frederick     Calhoun.       City     Engr.,   )  Assoc.  M.     July      2 

Columbia,  S.  C f  M.  Jan.     20 


Date  of 
Membership. 

1913 
1920 

1920 
1911 
1913 
1919 
1909 
1912 
1920 
1908 
1910 
1920 
1907 
1909 
1919 

1920 
1912 
1920 

1912 
1920 

1916 
1920 

1916 
1920 

1914 
1920 

1915 
1920 

1920 
1913 
1920 
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ASSOCIATE   MEMBERS  Date  of 

Membership. 

Alvarez,  Arthur  Carl.     Associate  Prof,  of  Civ.  Eng.,  Univ. 

of  California,   1909   Dwight  Way,   Berkeley,  Cal Jan.  19,  1920 

AsHKiNS,  Nathan  Thomas.     Care,  J.  B.  Car-   i   Jun.  Jan.  15,  1917 

son,   1233  Elden  Ave.,  Los  Angeles,  Cal.   \  Assoc.  M.  Jan.  19,   1920 

Baker.  Doxald  McCord.     Engr.,  State  Water  \    ,  ^  „    ,«,„ 

„  roo    n   ^^    T>,A     ^  -n  •  Ju^.  Dec.         3,    1913 

Comni.,  632  Call   Bldg.,  San  Francisco,   I    .  ,,       ^  ,,/   ,„^. 

^  ,                                      °  '  '   (    Assoc.  M.     Jan.      19,   1920 

Cal J 

Barry.      Edmund      Joseph.      Mai.,      Engrs.,  ^    .  ^^  ,  „    ,„,„ 

TT     o     A        n       i.     /^    nr      T.    \    T  /  Assoc.  Oct.  8,  1918 

U.    S.   A.;    Const.   Q.   M.,   Fort   Leaven-  l    .            ,r  x  «^    -.^^^ 

,         '  (  Assoc.  M.  Jan.  20,  1920 

worth,   Kans \ 

Bateman,  John  Henry.  Asst.  Prof,  of  Civ.  Eng.,  Univ.  of 
Michigan;  Testing  Engr.,  Michigan  State  Highway 
Dept.,  Care,  Highway  Laboratory,  Univ.  of  Michigan, 
Ann  Arbor,   Mich Jan.     20,  1920 

Behneman,  Stanley  Elgin  Clinton.     Asst.  Engr.,  United 

Railroads  of  San  Francisco,  46G7  Eighteenth  St.,  San 

Francisco,  Cal Oct.      14,   1919 

BoLiN,  Harby  William.     Engr.,  H.  J.  Brun-  )   ^                   ,,  „  ,„,. 

„,^   r,,             T,,  T        ^        ,^      •    •  f   J"n.               May  6,  1914 

nier,   312   Sharon   Bldg.,   San   iM-ancisco,  .    ,  ,^       t  ,r.  ■,r^r„^ 

^      '                                  *  (   Assoc.  M.     Jan.  19,  1920 

Cal ) 

Buck,  Bertie  Harrison.  Chf.  Engr.,  Great  Southern  Lum- 
ber Co.;  Chf.  Engr.,  Bogalusa  Paper  Co.,  Box  56, 
Bogalusa,   La Jan.     19,  1920 

CoBUBN,  Clarence  Alonzo.     Engr.  and  Contr.    (Coburn  & 

Co.),  St.  George's  Bldg.,  Hongkong,  China Jan.     20,  1920 

Conway,  Clarence  Dexter.     Supt.  and  Engr.,    |  Jun.  Nov.    28,  1916 

Los  Molinos  Land  Co.,  Los  Molinos,  Cal.    ("  Assoc.  M.     Jan.     19,   1920 

Di'GAN,  Charles  Bedard.     202  Hartnian  Bldg.,  Columbus, 

Ohio     Jan.     19,  1920 

Forbes,      Hyde.       With      Lindsay-Strathniore    )  Jun.  Oct.      10,  1916 

Irrig.    Dist.,    Lindsay,    Cal [  Assoc.  M.     Jan.     19,   1920 

Grundel,  Irving  George.     Supt.,  Avila  Refinery,  Union  Oil 

Co.  of  California,  Avila,  Cal Jan.     19,  1920 

Hannaman,  Donald  Armstrong.     906  North  Division  St.. 

Salisbury,   Md Nov.     25,   1919 

Holland,   Arthxr    Francis.     Care,    the   H.    Koppers    Co., 

Const.  Dept.,  Union  Arcade  Bldg.,  Pittsburgh,  Pa.  .  .      Oct.      14,  1919 

Holst-Grubbe,  Trygve.  Care,  Gunvald  Aus  Co.,  244  Madi- 
son Ave.,  New  York  City Jan.     19,  1920 

Howell,  Leslie  Dillon.     Valuation  Dept.,  C,  M.  &  St.  P. 

R.  R.,  509  Le  Moyne  Bldg.,  Chicago,  111 Jan.     19,  1920 

Kenney,  Harry  Willey.  Design  Draftsman  and  Chf.  of 
Squad,  Bureau  of  Yards  and  Docks,  Navy  Dept.,  1526 
Seventeenth  St.,  N.  W.,  Washington,  D.  C Jan.     19,  1920 
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ASSOCIATE    MEMBERS     (Continued)  Date  of 

Membership. 

King,  Tao.     Res.  Member,  Conini.  on  Railway  >, 

Technics,   Ministry   of   Communications.        Jun.  May     28,  1912 

33  Ton  Fa  Hutiing.  West  City,  Peking,    f  Assoc.  M.     Nov,    25,   1919 

China    J 

Macartney,  Thomas  Wakefield.     County  Drainage  Engr., 

Yakima   County.    Yakima,    Wash Jan.     19,  1920 

MacSheffray,  Frank  Albert.     Works  Engr.,  Fred  T.  Ley 

&  Co.,  Inc.,  857   Commonwealth  Ave.,  Boston,  Mass.     Sept.      9,  1919 
McFerron,   Clarence   William.     Chf.   Engr.,   Shell   Creek 

Project  of  Sand  Springs  Home,  Box  411    (Res.,  803 

South  Quaker) ,  Tulsa,  Okla Jan.     19,  1920 

Mail.  Eugene  Frederick.     City  Engr..  Robin-   )    Jun.  Mar.      4,  1913 

son,  111 f  Assoc.  M.     Jan.     19,  1920 

Martin,  James  McQueen.     Highway  Engr.,  Williamsburg 

County,  Kingstree,  S.  C Jan.     19,   1920 

Noetzli,  Alfred  Adolph.     Chf.  Engr..  Hydro-Elec.  Power 

Developments,  Beckman  &  Linden  Eng.  Corporation, 

41.5  Balboa  Bldg.,  San  Francisco,  Cal Nov.    25,   1919 

Partridge,  John  Frederick.    3455  Pacific  Ave.,   |    Jun.  Feb.       4,  1913 

San  Francisco,  Cal \    Assoc.  M.     Jan.     19,  1920 

Perkins,     Roscoe,     Jr.      Cornwells     Heights,  )    Jun.  Mar.    12,  1918 

Pa )    Assoc.  M.     Jan.     19,  1920 

PiLLSBURY,  Arthur  Clifton.     312  Los  Angeles  Investment 

Bldg..  Los  Angeles,  Cal Jan.     19,  1920 

Reasoner,  Richard  Barkley.     Div.  Engr.,  Ore.  Short  Line 

R.  R.,  Utah  Div.,  0.  S.  L.  Depot,  Pocatello,  Idaho..      Jan.     19,  1920 
Warnecke,    William    Henry.     Capt..    Engrs.,    U.    S.    A., 

Engineer  School,  Camp  A.  A.  Humphreys,  Va Jan.     19,  1920 

Whipple,  John  Blaine.     Asst.  Engr.,  Dept.  of  Highways, 

State  of  New  York,  60  Beacon  St.,  Newburgh,  N.  Y..  .      Nov.     25,  1919 
White,    John    Aloysius.     Engr.,    Constr.    Dept.,    Interna- 
tional Motors  Co.,  849  North  5th  St.,  Allentown,  Pa.      Oct.      14,  1919 
Winn,  Thomas  Earle,  Jr.     Box  81,  Quincy,  Fla Jan.     19,  1920 


Alvarez  de  Urrutia,  Armando  Manuel.     Eng.  Draftsman, 

The  Snare  &  Triest  Co.,  561  Cerro  St.,  Havana.  Cuba.     Jan.     19,  1920 

Butler,  Alban  Francis.     256  Kelton  Ave.,  Columbus,  Ohio.     Sept.     9,  1919 

HsiEH,   Ernest   Shengtsu.     520  Myburch   Rd.,    Shanghai, 

China Sept.      9,  1919 

McClelland,     George     W.       4124     Warwick     Boulevard, 

Kansas  City,  Mo April  14,  1919 

Watson,  Leon  Heathman.     Box  475,  Ponca  City,  Okla Nov.    25,  1919 
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REINSTATEMENTS 

Date  of 
MEMBERS  Reinstatement. 

Fenn,  Robert  Willson Feb.     10,  1920 


RESIGNATIONS 


Date  of 

esignatic 

Harrison,  Christopher Dec.     31,  1919 


MEMBERS  D  *■ 

Resignation. 


ASSOCIATE    MEMBERS 

Blaylock,  John  Charles Dec.     31,  1919 

Davis,  Eobert  Menees Dec.     31,  1919 

DEATHS 

Ford,  Theodore  Boyden.     Elected  Member,  December  6tli,   1005;   died  Feb. 

2d,  1920. 
Gregory,  Charles  Emerson.     Elected  Junior  October  6th,  1896;  Associate 

Member,  March  6th,  1901;  Member,  June  19th,  1918;   died  February 

21st,  1920. 
LooMis,    Thomas    Hooker.     Elected    Member,    January    7th,     1903;     died 

February  11th,  1920. 
Lupfer,  Alexander  McClure.     Elected  Member,  November  1st,  1905;  died 

February  3d,  1920. 
Morrill,    George    Sullivan.       Elected    Member,    March    2d,    1887;     died 

February  9th,  1920. 
Palmer,  Ray  Rolph.     Elected  Associate  Member,  October  10th,  1916;  died 

December  25th,  1919. 
Pratt,  Robert  Winthrop.     Elected  Member,  June  6th,  1911;  died  February 

2d,  1920. 
Smith,  Edwin  Foster.     Elected  Member,  June  5th,  1895;  died  January  26th, 

1920. 
Thompson,  Samuel  Clarence.     Elected  Member,  February  6th,  1889;  died 

February  28th,  1920. 
Wright,  Willis  Benton.     Elected  Member,  November  3d,  1807;  died  Novem- 
ber 16th,  1919. 

Total  Membership  of  the  Society,  March  4th,  1920, 
9381 
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MONTHLY  LIST  OF  RECENT  ENGINEERING  ARTICLES  OF 

INTEREST 

(February  1st  to  March  1st,  1920) 

Note. — This  list  is  published  for  the  purpose  of  placing  before  the 
menihers  of  this  Society  the  titles  of  current  engineering  articles, 
which  can  he  referred  to  in  any  available  engineering  library,  or  can  be 
procured  by  addressing  the  publication  directly,  the  address  and  price 
being  given  wherever  possible. 


LIST   OF    PUBLICATIONS 


In  the  subjoined  list  of  articles,  references  are  given  by  the  number 
prefixed  to  each  journal  in  this  list: 


(2)  Journal,     Engrs.     Club     of     Phila.,     (40) 

Philadelphia,  Pa. 

(3)  Journal,    Franklin    Inst.,    Philadel-     (41) 

phia,   Pa.,   50c. 

(4)  Journal,    Western    Soc.    of    Engrs.,     (42) 

Chicago,   III.,  50c. 

(5)  Jonrnnl,  Eng.  Inst,  of  Canada,  Mon-     (43) 

treal.  Que.,  Canada. 

(6)  Journal,  Am.  Inst,  of  Archts., Wash-     (45) 

ington,   D.  C,   50c.  (46) 

(7)  Gesundheits       Ingenieur,       Munich, 

Germany.  (47) 

(8)  Stevens   Indicator,   Hoboken,   N.   J., 

50c.  (43. 

(9)  Industrial   Management,   New   York 

City,    25c. 

(11)  Enaineering  {■L,on6on),'W.    H.Wiley,     /^p) 

4?!2  Fourth  Ave.,  New  York  City, 

25c.  (50) 

(12)  The     Engineer      (London),      Inter- 

national   News    Co.,     New    York    (53) 
City,  35c. 

(13)  Engineering   News-Record, Ne-wYork 

City,  15c.  (54) 

(15)  Raihvay  Age,  New  York  City,   15c. 

(16)  Engineering    and    Mining    Journal,     (55) 

New  York  City,   15c. 

(17)  Electric     Railvmy     Journal,      New 

York  City,    10c.  (56) 

(IS)    Railway  Review,  Chicago,   111.,   15c. 

(19)  Scientific    American    Monthly,    New 

York  City,   10c.  (57) 

(20)  Iron  Age,  New  York  City,  20c. 

(21)  RailwOAj     Engineer,     London,     Eng-     (58) 

land.   Is.  2d. 

(22)  Iron  and  Coal  Trades  Review,  Lon- 

don,  England,    6d.  (59) 

(24)  American  Gas  Engineering  Jcnimal. 

New  York  City,  10c.  (60) 

(25)  Railtoay  Mechanical  Engineer,  New 

York   City,    20c.  (61) 

(26)  Electrical     Review,     London,     Eng- 

land,  4d. 

(27)  Electrical    World,    New    York    City,     (62) 

10c. 

(28)  Journal,      New      England      Water-     (63) 

Works  Assoc,   Boston,   Mass.,   $1. 

(29)  Journal,   Royal    Soc.    of   Arts,   Lon-     (64) 

don,    England,   6d.  (65) 

(32)    Mimoires     et     Compte     Rendu    des 

Travaux,      Soc.      Ing.      Civ.      de     (66) 
France,   Paris,   France.  (67) 

{33)    he  Genie  Civil,  Paris,  France,  1  fr. 
(36)    Cornell  Civil  Engineer,  Ithaca,  N.  Y.     (69) 


Zentralblatt  der  Bauverwaltung, 
Berlin,  Germany,   60  pfg. 

Elektrotechnische  Zeitschrift,  Berlin, 
Germany. 

Journal,  Am.  Inst.  Elec.  Engrs., 
New   York   City,    $1. 

Annales  des  Fonts  et  Chaussees, 
Paris,  France. 

Coal  Age,  New  York  City,  15c. 

Scientific  American,  New  York  City, 
15c. 

Mechanical  Engineer,  Manchester, 
England,   3d. 

Zeitschrift,  Verein  Deutscher  In- 
genieure,  Berlin,  Germany,  1, 
60  m. 

Zeitschrift  filr  Bauioesen,  Berlin, 
Germany. 

Stahl  und  Eisen,  Diisseldorf,  Ger- 
many. 

Zeitschrift,  Oesterreichischer  In- 
genieur und  Architekten-Verein, 
Vienna,   Austria,    70h. 

Transactions,  Am.  Soc.  C.  E.,  New 
York  City,   $16. 

Mechanical  Engineering :  Journal, 
Am.  Soc.  M.  "E.,  New  York  City, 
35c. 

Transactions,  Am.  Inst.  Min.  and 
Metallurgical  Engrs.,  New  York 
City,  $6. 

Colliery  Guardian,  London,  Eng- 
land,  5d. 

Proceedings,  Engrs.'  Soc.  of  W.  Pa., 
2511  Oliver  Bldg.,  Pittsburgh, 
Pa.,  50c. 

Proceedings,  American  Water  Works 
Assoc,   Troy,   N.   Y. 

Municipal  and  County  Engineering, 
Indianapolis,    Ind.,    25c 

Proceedings,  Western  Railway  Club, 
225  Dearborn  St.,  Chicago,  111.. 
25c. 

American  Drop  Forger,  Thaw  Bldg., 
Pittsburgh,   Pa.,   iOc 

Minutes  of  Proceedings,  Inst.  C.  E., 
London,    England. 

Power,  New  York  City,  10c. 

Official  Proceedimis.  New  York  Rail- 
road  Club,   Brooklyn,   N.   Y.,    15c. 

Gas  Journal,   London,   England,    6d. 

Cement  and  Engineering  Neivs,  Chi- 
cago,  III.,   25c. 

Eisenbau,  Leipzig,  Germany. 
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(71)  Journal.  Iron  and   Steel  Inst.,  Lon-       (98) 

don,  England. 
(71a)    Carnegie  Scholarship  Memoirs,lTon       (99) 
and  Steel  Inst.,  London,  England. 

(72)  American  Machinist,  New  York  City,     (100) 

15c. 

(73)  Electrician,    London,    England,    18c.     an-j^ 
(75)   Proceedings,   Inst,   of   Mech.   Engrs.,     (»"•') 

London,  England.  (■1041 

(77)  Jovrnal,  Inst.  Blec.  Engrs.,  London,     ^        •' 

England,   5s. 

(78)  Beton   und  Eisen,   Vienna,   Austria,     (105) 

1,   50m. 
(80)    Tonindustrie   Zeitung,    Berlin,    Ger-     (106) 

many. 
(83)    Oas  Age,  New  York  City,  15c.  (107) 

(85)  Proceedings,   Am.    Ry.    Eng.   Assoc, 

Chicago,  ill.  (109) 

(86)  Engineering   and   Contracting,    Chi- 

cago,  111.,   10c.  (Ill) 

(87)  Railway  Maintenance  Engineer, Chi- 

cago.  111.,  10c.  (113) 

(88)  Bulletin    of    the    International    Ry. 

Congress    Assoc,    Brussels,    Bel-     (114) 
glum. 

(89)  Proceedings,   Am.    Soc.    for    Testing 

Materials,    Philadelphia,    Pa.,    $5.     (115) 

(90)  Transactions,  Inst,  of  Naval  Archts., 

London,  England.  (116) 

(91)  Transactions,  Soc.  of  Naval  Archts. 

and    Marine    Engrs.,    New    York     (117) 
City.  (118) 

(92)  Bulletin,       Soc.       d'Encouragement 

pour  rindustrie  Nationale,  Paris,     (119) 
France. 

(93)  Revue  de  Metallurgie,  Paris,  France,     (120) 

4   fr.   50. 
(96)    Canadian    Engineer,    Toronto,    Ont.,     (121) 
Canada,   10c. 


Journal,  Engrs.  Soc.  of  Pa.,  Har- 
risburg,   Pa.,   30c. 

Proceedings,  Am.  Soc.  of  Municipal 
Improvements,  New  York  City,  $2. 

Professional  Memoirs,  Corps  of 
Engrs.,  U.  S.  A.,  Washington, 
D.  C,   50c 

Mining  and  Scientific  Press,  San 
Francisco,   Cal.,   10c. 

The  Surveyor  and  Municipal  and 
County  Engineer,  London,  Eng- 
land,  6d. 

Chemical  and  Metallurgical  En- 
gineering, New  York  City,  25c. 

Transactions,  Inst,  of  Min.  Engrs., 
London,  England,  6s. 

Schioeizerische  Bauzeitung ,  Zurich, 
Switzerland. 

Journal,  Boston  Soc.  C.  E.,  Boston, 
Mass.,   50c. 

Journal  of  Electricity,  San  Fran- 
cisco,  Cal.,   25c. 

Proceedings,  Am.  Wood  Preservers' 
Assoc,    Baltimore,    Md. 

Journal,  Institution  of  Municipal 
and  County  Engineers,  London, 
England,    Is.    6d. 

Journal,  Engrs.'  Club  of  St.  Louis, 
St.   Louis,   Mo.,  35c. 

Blast  Furnace  and  Steel  Plant, 
Pittsburgh,  Pa.,   15c. 

Engineering    World,   Chicago,    111. 

Times  Engineering  Supplement, 
London,   England,   2d. 

Landscape  Architecture,  Harris- 
burg,  Pa.,  50c. 

Automotive  Industries,  New  York 
City,  15c. 

Proceedings,  Am.  Concrete  Inst., 
Boston,  Mass. 


LIST  OF  ARTICLES 
Bridges. 

Platte  River  Bridge  Reconstruction,   Rock  Island   Lines.*      (13)      Feb.   5. 

Primary  Stress-Determination   in   Space  Frames.*      R.  V.   Southwell.      (11)      Feb.   6. 

Longest  Concrete  Arch  Span  Being  Built  at  Minneapolis.*      (13)      Feb.  12. 

A  Stone  Beam  Bridge  In  China  Sixty  Years  Old.*     Donald  F.  McLeod.      (13)     Feb.  12. 

Application    of    Dewey    System    for    Numbering   County    Bridges.      Harry    F.    Harris. 

(From  Paper  read  before  New  Jersey  County  Engrs.'  Assoc.)       (86)      Feb.  25. 
Longest  Concrete  Girder  Bridge  is  Built  in  California.*      (13)      Feb.   26. 
Le  nouveau  rgglement  frangais  pour  le  calcul  et  les  epreuves  des  ponts  metalliques. 

H.  Hartmann.      (107)      Dec.  27,  1919. 
Hebung  und  Wiederherstellung  zweier  gesprengter  Eisenbahnbriicken.*      A.  Diirbeck. 

(69)      Mar.,  1919. 
Die    Giinstigste    Form    Biserner    Zweigelenkbriickenbogen    ohne    Zugband.*     Alfred 

Berrer.      (69)      June,  1919. 
Heben  und  Verschieben  einer  Eisernen   Strassenbriicke.*      Ij.  Altpeter.      (69)      June, 

1919. 
Eisen   und   Eisenbeton   im   Bruckenbau.      Schaper.      (69)      Aug.,    1919. 
Die  Wiederherstellung  Zerstorter  Steinbriicken  in  Frankreich.      (78)      Aug.  4,   1919. 
Baukunst  und  Ingenieurasthetik.*      E.  Wehner.      (69)      Sept.,  1919. 

Electrical. 

Carbon  Arcs  for  Searchlights.*      C.  C.  Paterson  and  others.      (77)      Jan. 

The  Short  Tungsten  Filament  as  a  Source  of  Light  and  Electrons.*  G.  Stead. 
(77)      Jan. 

The  Design  of  Multiple-Stage  Amplifiers  Using  Three-Electrode  Thermionic  Valves.* 
C.  L.  Fortescue.      (77)      Jan. 

Central  Station  Power  as  a  Factor  in  Effecting  Economies  and  in  Increasing  Produc- 
tion.     George  H.  Jones.      (4)      Jan.   20. 

A  Universal  Inductance  and  Capacity  Testing  Bridge.*  C.  V.  Drysdale.  (73) 
Serial  beginning  Jan.  23. 

Natural  Life  of  Cedar  Poles.*     Page  Golsan.      (27)      Jan.  31. 


Illustrated. 
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Electrical — (Continued). 

Fuse    Protection    for    Branch    Conductors.*      Henry    C.    Hortsmann    and    Victor    H. 

Tousley.      (27)      Jan.  31. 
Researches  in   High-Voltage   Insulation.*      Harris  .J.  Ryan.      (27)      Jan.   31. 
Notes   on   the   Synchronous  Commutator.*     J.    B.    Whitehead   and    T.    Isshiki.      (42) 

Feb. 
A  New  Form  of  Vibration  Galvanometer.*      P.  G.  Agnew.      (42)      Feb. 
Inherent  Regulation  of  Continuous  Current  Circuits.     A.  L.  Ellis  and  B.  W.  St.  Clair. 

(42)      Feb. 
A    Precision    Galvanometric    Instrument    for    Measuring    Thermoelectric    E.    M.    FS. 

T.  R.  Harrison  and  Paul  D.  Foote.      (42)      Feb. 
A  Method   for   Separating   No-Load   Losses   in   Electrical   Machinery.      Carl  J.   Fech- 

heimer.      (42)      Feb. 
The  Development  of  Electrical   Installation  Aboard   Ships.      F.   A.  Anderson.      (Ill) 

Feb.  1. 
Synchronous-motor  Applications.*      W.  T.  Berkshire.      (64)      Feb.  3. 
Electrolysis  of  Concrete.*      (96)      Feb.  5. 

Windings  of  Generators  and  Motors.*      Chris.  Jones.      (22)      Feb.  6. 
Present-Day  Radiography.*      G.  W.   C.  Kaye.      (73)      Feb.  6. 
Dynamo  Output  Formulae.     J.  K.  Gatterson-Smith.      (73)      Feb.  6. 
Safety  Features  of  British  Switchgear.*      B.  E.  G.  Mittell.      (27)      Feb.  7. 
Induction  Motors  on  Unbalanced  Voltages.*      J.  Slepian.      (27)      Feb.  7. 
Explanation  and  Measurement  of  Power  Factor.*      Victor  H.  Todd.      (64)      Feb.   10. 
Moline   Station  Adds   to   Steam   and   Generating  Capacity.*     Thomas  Wilson.      (64) 

Feb.   10. 
The  Gyrostatic  Compass.*     Sidney  G.  Brown.      (Abstract  of  paper  read  before  Royal 

Inst,  of  Great  Britain.)       (26)        Feb.  13. 
The  Algebra  of  Ionic  Valves.*      W.  H.  Eccles.      (73)      Feb.  13. 
Losses  in  Transformers.*      Reginald   O.   Kapp.      (73)      Feb.   13. 
Voltage    Regulation    of    Distributing    Feeders.*     Frank    Hershey.      (From    General 

Electric  Eevieio.)       (73)      Feb.  13. 
Protecting  from  Abnormal  Voltages.*      C.  E.  Bennett.      (27)      Feb.  14. 
Thermal   Conductivity  of   Coil   Wrappers.*      T.   S.   Taylor.      (27)      Feb.   14. 
The  Value  of   Proper   Illumination.      F.   D.   Fagan   and   others.      (Ill)      Feb.   15. 
Drying  Out  a  Generator,  Switchboard  and  Motors  After  a  Flood.*     Kenneth  A.  Reed. 

(64)      Feb.  17. 
Standard  Meter  Rates — Demand  Rates.      LeRoy  W.  Allison.      (64)      Feb.  17. 
Checking    Differential    Relay    Installations.*      Raymond    Bailey.      (27)      Feb.    21. 
Features  of  New  Substation  at  Flushing.*      W.  C.  Blackwood.      (27)      Feb.  21. 
Switching  on  the  World's  Longest  Line.*      (27)      Feb.   21. 
Les  Galvanometres  Einthoven  et  Leur  Application  3,  la  Cardiographie  et  a  I'Enregis- 

trement  des  Sous.*      (33)      Dec.  20,  1919. 
Le  Facteur  de  Puissance  des  Installations  a  Courants  Alternatifs,  et  les  Moyens  de 

I'Ameliorer.      (33)      Jan.  10. 
L'Utilisation  des  Courants  Alternatifs  Industriels  dans  les  Bureaux  Telegraphiques.* 

(33)      Jan.  24. 
Die   Verwertung   der   elektrischen   Abfallenergien.      Fritz    Gamilschegg.      (53)      Aug. 

8,   1919. 
Die     Entwicklung     der     elektrochemischen     Industrie.      Hans     Goldschmidt.       (48) 

Serial  beginning  Sept.  13,  1919. 
Kohlen   (Brikett)   Feuerung  oder  elektrische  Heizung  fiir  Backofen.*      Schilling.      (7) 

Nov.  1,  1919. 
Das  Grosskraftwerk  Zschornewitz    (Golpa).*     G.   Klingenberg.      (48)      Serial  begin- 
ning Nov.  1,  1919. 
Elektromagnetische    Reibungskupplung.*      A.    Hanzer.      (107)      Dec.    13,    1919. 

Marine. 

Structural  Laboratory  Investigations  in  Reinforced  Concrete  Made  by  Concrete  Ship 

Section,   Emergency  Fleet  Corporation.*      W.  A.   Slater.      (121)      Vol.  15,   1919. 
Construction  of  Concrete  Barges  for  Use  on  New  York   State  Barge  Canal.*      S.  C. 

Hollister.      (121)      Vol.  15,  1919. 
Method  of  Construction  of  Concrete  Ships.*      R.  J.   Wig.      (121)      Vol.  15,   1919. 
Problems  in  the  Design  of  Reinforced-Concrete  Ships.      J.  Glaettli,  Jr.      (121)      Vol. 

15,   1919. 
The   Strainagraph   and   Its  Application   to   Concrete   Ships.*      Franklin    R.   McMillan. 

(121)      Vol.  15,  1919. 
The  Distribution  of  Air  Pressure  and  Wind  Velocity  About   the   Funnel  of  a  Vessel 

at  Sea.     A.  P.  Thurston.      (11)      Jan.  30. 
The  Development  of  Electrical  Installation  Aboard   Ships.      F.  A.   Anderson.      (Ill) 

Feb.  1. 
Diesel   Engine  Castings.*      F.   J.  Cooke.      (Paper  read  before  North-East  Coast  Inst. 

of  Engrs.  and  Shipbuilders.)      (11)      Feb.  6. 
The  Gyrostatic  Compass.*     Sidney  G.  Brown.      (Abstract  of  paper  read  before  Royal 

Inst,  of  Great  Britain.)      (26)      Feb.  13. 

*  Illustrated. 
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Marine — (Continued). 

Reinforced  Concrete  Investigation  of  U.   S.  Bureau  of   Standards.      (For  Emergency 

Fleet  Corporation.)       (S6)      Feb.  25. 
Les    Sous-Marins   Anglais    Pendant    la   Guerre   et    la    Lutte   Contre    les    Sous-Marins 

Allemands.*      (33)      Jan.   24. 
Das  erste  Holz-Eisenbetonschiff  Schwedens.*     K.  W.  Ljungdell.     (78)     Aug.  4,  1919. 

Mechanical. 

Tests  of  Concrete  Tanks  for  Oil   Storage.*      J.  C.   Pearson   and  G.  A.   Smith.      (121) 

Vol.  15,  1919. 
The    Design    of    Reinforced-Concrete    Fuel-Oil    Reservoirs.      H.    B.    Andrews.      (121) 

Vol.  15,  1919;    (67)    Feb. 
The  Fire  Hazard  of  Fuel  Oil.      J.  W.  Lord.      (121)      Vol.  15,   1919. 
Notes  on  Bronze  and  Babbitt  Bearings.*      W.  K.  Frank.      (58)      Nov.,  1919. 
Refractory    Problems    of    the    Gas    Industry.     W.    H.    Fulweiler    and    J.    H.    "Taussig. 

(Abstract  of  paper   read  before  Am.   Chemical   Soc.)       (66)      Jan.   20. 
Hoisting  Water  by  Tanks.*      T.   Mordy.      (Abstract   of   paper   read  before  Canadian 

Min.  Inst.)       (57)      Jan.  23. 
Fluid  Motion  and  Viscosity.*      W.  L.  Cowley.      (11)      Jan.  23. 
A  Water-Gas  Sampling  Device.*     R.  A.  Carter.      (Paper  read  before  Am.  Gas  Assoc.) 

(66)      Jan.  27. 
Improvement  in  the  Construction  of  Furnaces.      (66)      Jan.  27. 
Aluminum   Piston   Design.*      E.   G.   Gunn.      (Paper   read   before   Soc.   of   Automotive 

Engrs.)       (120)      Jan.  29. 
The  Aeroplane   of   Consistent   Strength.      A.   J.    Sutton    Pippard.      (11)      Jan.   30. 
"Bumpiness"  in  Flying.*      Charles  Brooks  and  others.      (19)      Feb. 
Consideration  of  High-Speed  Turbine  Gears.*      Gerald  Stoney.      (116)      Feb. 
Fire    Clay    Mixtures    for    High    Temperatures.*      Raymond    M.    Howe.      (Paper    read 

before  Refractories  Manufacturers  Assoc.)       (116)      Feb. 
The  Measurement  of  Projectile  Velocities.      Paul  E.  Klopsteg  and  Alfred  L.  Loomis. 

(42)      Feb. 
The  German  Long-Range  Gun.*      H.  W.  Miller.      (55)      Feb. 
Why  Concrete  Oil  Storage  Tanks?*     C.  W.  Freitag.      (67)      Feb. 
Concrete  Oil  Storage  Tanks  for  Industrial  Plants.*      J.   E.   Freeman.      (9)      Feb. 
Plant  of  the  Northwestern  States  Portland  Cement  Company.*      (67)      Feb. 
Standards  for  Screw  Threads.*      Herbert  T.  Wade.      (19)      Feb. 
New   Process   for   the   Production    of   Aircraft   Fuels.     Auguste   Jean   Paris,    Jr.,    and 

W.  Francklyn  Paris.      (19).    Feb. 
The   Diesel   Engine   and   Automobiles.*      Charles   Day.      (Paper   read   before   Inst,   of 

Automobile   Engrs.)       (19)      Feb. 
Efficiency   of   Aluminum    Leaf   on   Airplane   Propellers.     A.    C.    Knauss.      (19)      Feb. 
Oil  Pipe  Line  Transmission.*      H.  W.  Crozier.      (Ill)      Feb.  1. 
Structure    and    Operation    of    the    Vacuum    Valve.     Robert    W.    A.    Brewer.      (Ill) 

Feb.  1. 
Cleaning  the  Double-pipe  Ammonia  Condenser.*      A.  G.  Solomon.      (64)      Feb.  3. 
Novel  Coal  Handling  at  the  McKeesport  Tin  Plate  Company's  Plant.*      (64)      Feb.  3. 
New  Type  of  Mixing  Plant  Used  on  11-Mile  Concrete  Paving  Job  in  Oregon.*      R.  F. 

Hoffmark.      (86)      Feb.   4. 
New  Crank  Motion  Embodied  in  Engine.*      P.  M.  Heldt.      (120)      Feb.  5. 
Adapting  Engines  to  Use  of  Available  Fuel.*      Jesse  G.  Vincent.      (Paper  read  before 

Soc.  of  Automotive  Engrs.)       (120)      Feb.  5. 
Refractories  for  Coke  Ovens.      (22)      Feb.  6. 
Design  of  a  Unit  Boiler  Plant.*      Louis  R.  Lee.      (27)      Feb.  7. 
Block  Rates  Promote  Heating.*      D.  C.  Seewir.      (83)      Feb.  10. 
The  Lubrication  of   Steam-Engine  Bearings.*      W.   F.  Osborne.      (64)      Feb.   10. 
Analysis  of   German   Trucks  by   the   Motor  Transport   Corps.*      C.    R.   Hays.      (120) 

Feb.  12. 
Crankcase  Dilution,   Its   Causes  and   Effects.      William   F.   Parish.      (120)      Feb.    12. 
From  Coal  Barge  to  Bunker.*      J.  F.  Springer.      (46)      Feb.   14. 

Changing  from  Coal  to  Oil.*      Robert  Sibley  and  Chas.  H.  Delany.      (Ill)      Feb.  15. 
Model  Small  Ice  Plant  in  Cuba.*      J.  Kilian.      (64)      Feb.  17. 

Steam-Turbine  Governors — Shaft  Governors  of  Terry  Turbines.*      (64)      Feb.   17. 
Calculations   from   a  Flue-Gas  Analysis.     H.   M.  Brayton.      (64)      Feb.   17. 
The  Uniflow  Engine.*      (64)      Feb.   17. 

Large  Concrete  Oil  Tank  Built  for  Panama  Canal.*      R.  C.  Hardman.      (13)      Feb.  19. 
The  Modern  Gas  Holder.*      Charles  W.  Person.      (46)      Feb.  21. 

Important  Factors  in  Red-Brick  Manufacture.*      Robert  W.  Jones.      (16)      Feb.  21. 
Diminution    of    Waste    Heat    Losses    in    Water    Gas    Operation.     H.    L.    Nickerson. 

(Paper  read  before  New  England  Assoc,  of  Gas  Engrs.)       (24)      Feb.   24. 
Sampling   Tanks   versus   Continuous    Recorders   for   Determining   CO2.*     Charles   C. 

Phelps.      (64)      Feb.  24. 
New  500-Ton  Capacity  Crane  at  Philadelphia  Navy  Yard.*      (86)      Feb.  25. 
La  Culture  Mecanique  en  1919  :  Les  Demonstrations  de  Saint-Germain  et  de  Senlis.* 

(33)      Dec.  6.  1919. 

*  Illustrated. 
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Mechanical — (Continued). 

Ueber  Anlauf   und    Auslaufverhaltnisse  von   motorisch   angetriebenen    Massen   unter 

Anwendung  eines  neuen   Graphischen  Auswertungsverfahrens.      F.  Blanc.      (48) 

Serial  beginning  Mar.  29,  1919. 
Der    Fabrikneubau    der    Miihlenbauanstalt    und     Maschinenfabrik    vorm.     Gebruder 

Seek  in  Sporbitz  bei  Dresden.*      Gerhard  Luther.      (48)      Aug.  23,  1919. 
Beitrag  zur  Theorie  des  Troeknens  und  Dorrens.      B.   Hohn.      (48)      Aug.  30,   1919. 
Ueber    die    Anwendung    von    Diisen    an    Stelle    von    Zylindem    oder    Kreiselradern.* 

R.  Mollier.      (48)      Aug.  30,  1919. 
Koks  fur  Heiz-und  Kraftwecke.*      Pradel.      (7)      Sept.  6,   1919. 
Die  Berechnung  dep  Kreistragers  fiir  winkelrecht  zur  Kreisebene  wirkende  Lasten.* 

G.  Unold.      (48)      Sept.  6,  1919. 
Kritische  Drehzahlen  rasch  uralaufender  Wellen.*     H.  Lorenz.    (48)    Sept.  13,  1919. 
Beitrag  zur  Berechnung  von  kegeligen  Hiilsen.*      H.   Bonte.      (48)      Sept.   20,   1919. 
Bin    neuer  Warmemesser   fiir   Zentralheizungen.*      Hans    Henrichsen.      (7)      Oct.    4, 

1919. 
Gurtforderer  mit  ungeteiltem  Stahlbande.*      (80)      Oct.  11,  1919. 
Beitrag    zur    Berechnung    von    Krantrager-Obergurtstaben.*      Pimsch.      (48)      Nov. 

1,  1919. 
Prazisions-Regler   fiir   Warmwasserheizungskessel.*     Otto    Lehmann.      (7)      Nov.    1, 

1919. 
Kohlen   (Brikett)   Feuerung  oder  elektrische  Heizung  fiir  Backofen.*      Schilling.     (7) 

Nov.  1,  1919. 
Plaudereien   aus   der   Gesenkschmiede.*     Paul    Heinrich    Schweissguth.      (48)      Nov. 

8,  1919. 
Die     Bekampfung    der     Rauchplage     niit     besonderer     Beriicksichtigung     der     Stadt 

Saarbriicken     und     die     zukiinftige     Entwicklung     der     Brennstoffwirtschaft.* 

F.  Guth.      (7)      Serial  beginning  Nov.  8,   1919. 

Metallurgical. 

Refractories   in    Heat   Treating  Furnaces.      John  A.   King.      (Abstract   of   paper   read 

before  Steel  Treating  Research  Soc.)       (62)      .Tan. 
Operating  Costs  of  Electric  Furnaces.*      R.   E.  Talley.      (62)      Jan. 
The  Heat  Treatment  of  Rifles  and  Guns.*      Arthur  W.  F.  Green.      (62)      Jan. 
Effervescing  Steel.      Henry  D.  Hibbard.      (22)      Jan.  23. 
New  Modderfontein  Gold  Mining  Co.  Mill  and  Treatment  Plant  at  Circular  Shaft.* 

E.    M.   Weston.      (16)      Jan.    24. 
The  Qualities  of  the  Molybdenum  Steels.*      (120)      Jan.  29. 

Recuperative  Furnaces  for  Re-Heating.*      N.  R.  Rees.      (Paper  read  before  Stafford- 
shire Iron  and  Steel  Inst.)      (22)      Jan.  30. 
Elements    of    Smelting-Plant    Design.      Oliver    E.    Jager.      (103)      Serial    beginning 

Jan.   31. 
The  Electric  Furnace  and  Electric  SteeL      (116)      Feb. 

Moisture    Content    of    Blast    Furnace    Coke.     William    H.    George.      (116)      Feb. 
Brannerite,   a   New   Uranium   Mineral.*      Frank   L.    Hess   and    Roger  C.   Wells.      (3) 

Feb. 
La-Belle   Iron  Works   By-Product   Plant.*      (116)      Feb. 
Steel  Mill  Coal  Dust  Explosion   Hazards.      L.   D.   Tracy.      (116)      Feb. 
Applications    of    Electric   Arc    Welding.*      C.    B.    Auel.      (9)      Serial    beginning   Feb. 
A    New    Automatic    Door    Hoist    for    Open-Hearth    Furnaces.*       H.    A.    Lewis    and 

W.   H.   Burr.      (2)      Feb. 
The  Impact  Testing  of  Metals.     F.  C.  Thompson.      (19)      Feb. 
Measuring   the   Temperature   of   Molten    Steel.      F.   W.   Brooke.      (Ill)      Feb.    1. 
The  Heat  Treatment   of  Beta  Brasses.      H.   M.  Brayton.      (105)      Feb.   4. 
Notes  on  the  Properties  of  Pig-Iron.      (22)      Feb.  6. 
Electric  Arc  Welding.*      (26)      Feb.   6. 
Cleaning   Blast-Furnace   Gases.*      (26)      Feb.    6. 
Diesel    Engine    Castings.*      F.    J.     Cooke.      (Paper    read    before    North-East    Coast 

Inst,   of   Engrs.    and    Shipbuilders.)       (11)      Feb.    6. 
Gas  and   Steel :   Some  Facts  and  Figures  on  the  Heat  Treatment  of  High   and  Low 

Carbon   Steel.*      W.   A.   Ehlers.      (46)      Feb.   7. 
Design  of  Open-Hearth  Furnaces.      A.  D.  Williams.      (20)      Feb.  12. 
New   Acid   Steel   Foundry  at  Alliance,   Ohio.*      (20)      Feb.   12. 
Blast   Furnace  Plant   Built   in   One  Year.*      (20)      Feb.   12. 
Mining  and   Milling  Tin-Tungsten   Ore   in   Tasmania.      Wm.   E.   Hitchcock   and   J.   R. 

Pound.      (Abstract  of   paper   in   Pi-oceedings  of   the  Australasian   Inst,   of   Min. 

Engrs.)       (103)      Feb.    14. 
The  Cottrell  Process  in  Japan.*      Ritaro  Hirota  and  Kyoshi  Shiga.      (103)      Feb.  14. 
Developments    in    Brass    Melting.*     Otis    Allen    Kenyon.      (20)      Serial    beginning 

Feb.    19. 
Modern  Foundry  for  Aluminum  Castings.*      F.   L.   Prentiss.      (20)      Feb.   19. 
The    Open-Hearth    Furnace    and    Processes.      Henry    M.    Howe.      (Paper    read    before 

Am.    Iron   and    Steel    Inst.)       (20)      Feb.    19. 
The  Problem  of  Reducing  Lead   Sulphate.     F.   N.  Flynn.      (16)      Feb.   21. 


♦  Illustrated. 
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Metallurgical — (Continued). 

Power  Drives  for  Rolling  Mills.*      W.  O.  Rogers.      (64)      Feb.   24. 
Effect   of    Pickling   on    Alloy    Steels.*      H.    L.   Hess.      (20)      Feb.    26. 
Effective  Annealing  of   Metal    Products.*      L.   R.   W.   Allison.      (20)      Feb.    26. 
Progres   de   la   Metallurgie,    par  voie   Electrolytique   aux   Etats-Unis.     M.   Altmayer. 

(32)      July,    1919. 
Les    Fours    Idartin-Siemens.*      A.    D.    Williams.      (93)      Sept. -Oct.,     1919. 
La   Metallurgie   Moderne   de   I'Acier    (Calculs   et  Comparaison   des   Precedes).      Chas. 

H.   F.   Bagley.      (93)      Sept.-Oct.,   1919. 
Comparaison    Entre    le    Decolletage,    le    Matricage    et    I'Emboutissage    au    Point    de 

Vue   de  I'Economie  du   Prix  de   Revieut.      A.    Dumont.      (93)      Sept.-Oct.,   1919. 
Observations    Concernant    les    Cassures    Defectueuses    des    Eprouvettes    de    Traction 

Lors    de    la    Reception    des    Elements    de    Canon.*      A.    Portevin.      (93)      Sept.- 
Oct.,   1919. 
Influence     du     Cadmium     sur     le     Proprietes     des     Laitons.*      Leon     Guillet.      (93) 

Nov.,  1919. 
Le  Nickel,  sa  Metallurgie,  ses  Emplois.      (33)      Dec.  6,  1919. 
La    Concentration    et    le    Triage    Electromagnetiques    des    Minerais    de    Fer    et    des 

D6chets   Metallurgiques.*      (33)      Dec.    13,    1919. 
Ersparung    von    Ferromangan    durch    Flussspat    im    Martinwerk.       Emil    Goldmann. 

(SO)      Nov.   13,   1919. 
Elektrische  Ausscheidung  von  festen  und  fliissigen  Teilchen  aus  Gasen.     R.  Durrer. 

(50)      Serial  beginning  Nov.  13,  1919. 
Die    thermischen,    baulichen    und    betrieblichen    Bedingungen    fiir    einen    giinstigen 

Wirkungsgrad       der      Winderhitzung      bei       Hochofen.      Hugo       Bansen.      (SO) 

Serial  beginning  Nov.   20,   1919. 
Die    Eigentiimlichkeiten    des    Thomasverfahrens    des    Peiner    Walzwerks.*      Arthur 

Jung.      (SO)      Dec.   18,    1919. 
Die  Bestimmung  der  Gase  im  Eisen.     P.  Oberhoffer  and  A.  Beutell.      (50)      Dec.  18, 

1919. 

Military. 

The  "Water  Supply  Problem   in   a  Combat  Division.     Lucius  A.   Fritze.      (59)      Jan. 

Sound-Ranging.*     Augustus    Trowbridge.      (3)      Feb. 

The  Relative  Merits  of   Monocular  and   Binocular  Field-Glasses.*      Edward  P.  Hyde 

and   others.      (3)      Feb. 
The  German  Long-Range  Gun.*      H.  W.  Miller.      (55)      Feb. 
The  Measurement  of  Projectile  Velocities.      Paul  E.  Klopsteg  and  Alfred  L.  Loomis. 

(42)      Feb. 
Water  Supply  of  an  Army  Division   in  Palestine.*      J.   E.   Pringle.      (96)      Feb.   19. 
Les    Tanks,    ou    Chars    d'Assaut,    de    I'Armee    Britannique.*      (33)      Dec.    13,    1919. 
Les   Sous-Marins   Anglais    Pendant   la    Guerre   et    la   Lutte    Centre   les    Sous-Marins 

Allemands.*      (33)      Jan.    24. 

Mining. 

Some    Recent    Improvements    in    Miners'    Electric    Lamps.      Wm.    Maurice.      (Paper 

read   before   Manchester   Geological    and    Mining   Society.)       (57)      Jan.    23. 
Hoisting  Water  by  Tanks.*      T.   Mordy.      (Abstract   of   paper   read   before   Canadian 

Min.   Inst.)       (57)      Jan.   23. 
Safe  Practice  in  Use  of  Wire  Rope  in  Hoisting.      (2)      Feb. 
Approved    Safety   Lamps   for   Mines.*      (57)      Feb.    6. 
The  Use  of  the  Cement  Gun  in  Mines.*      (57)      Feb.  6. 
Colliery  Power  Plant.*      Edward   Ingham.      (57)      Feb.   6. 
Mining  and   Milling  Tin-Tungsten   Ore   in   Tasmania.     Wm.   E.   Hitchcock   and  J.   R. 

Pound.      (Abstract   of    paper   in   Proceedings   of   the   Australasian    Inst,    of    Min. 

Engrs.)       (103)      Feb.   14. 
Burnside    Colliery    of    the    Reading    Company    at    Shamokin,    Pa.*      (45)      Feb.    19. 
Slush    Breaker    and    Mine-Water    Problems.*      John    Griffen.      (Paper    read    before 

Engrs.   Sec.  of   Northeastern  Pa.)       (45)      Feb.   19. 
Mining   Exploration.      J.   H.    Farrell.      (103)      Feb.   21. 
Electrically   Driven   Hoists.*      Fraser   Jeffery.      (64)      Feb.   24. 
Considerations    Influencing   Mine    Ventilation.*      R.    Z.    Virgin.      (45)      Feb.    26. 
Planning  a  Mine  So  as  to  Secure  Maximum  Recovery.     W.   B.  Riggleman  and  Evan 

L.  GrifBths.      (45)      Feb.  26. 
Welfare   Work   at  an   Anthracite   Colliery.*      Dever  C.   Ashmead.      (45)      Feb.    26. 
Aerial    Tramways.*      Douglas    Lay.      (16)      Feb.    28. 

Etudes  sur  le  Lavage  des  Charbons.     Andre  Moreau.      (93)      Nov.,   1919. 
L'Encagement  et  le  Decagement  Automatique  des  Berlines  dans  les  Cages  d'Extrac- 

tion.*      (33)      Dec.  6,   1919. 
Comparaison    Entre   la   Traction    Animale   et   la   Traction    par   Locomotive   pour    les 

Transports   Souterrains.      (33)      Jan.    17. 
Le  Tir  Electrique  dans  les  Houilleres,  Amorces,   Exploseurs  et  Detonateurs.*      (33) 

Jan.   24. 


*  Illustrated. 
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Miscellaneous. 

Safety  and  Welfare  Work  in  Industrial  Plants.     H.  A.  Schultz.      (58)      Nov.,  1919. 
The    Human     Element     in     Industry.      H.     Mensford.      (Extracts    from     paper     read 

before   Manchester  Assoc,   of   Engrs.)       (22)      Jan.   30. 
Nitrogen    Fixation.      L.    H.    Parker.      (Final    report    of   the   Nitrogen    Products    Com- 
mittee.)      (66)      Jan.    27. 
The  Distribution   of  Air  Pressure  and  Wind  Velocity  About  the  Funnel  of  a  Vessel 

at  Sea.      A.  P.  Thurston.      (11)      Jan.  30. 
Introductory   Remarks   on    Present   Theories    of   Atomic    Structure.     Saul    Dushman. 

(42)      Feb. 
The  Relative  Merits  of  Monocular  and  Binocular  Field-Glasses.*      Edward   P.   Hyde 

and  others.      (3)      Feb. 
Concrete   Oil   Storage   Tanks   for   Industrial   Plants.*      J.   E.   Freeman.      (9)      Feb. 
The    Mental   Hygiene    of    Industry.      E.    E.    Southard.      (9)      Feb. 
Sound-Ranging.*      Augustus    Trowbridge.      (3)      Feb. 

Unnecessary    Fatigue.*      Frank    B.    Gilbreth    and    Lillian    M.    Gilbreth.      (19)      Feb. 
A   Method   of    Reaching   Extreme   Altitudes.*      Robert    H.    Goddard.      (Abstract    from 

Miscellaneous  Collections.)       (19)      Feb. 
Einstein's    Relativity    Theory    of    Gravitation.      E.    Cunningham.      (19)      Feb. 
Electrolytic  Production  of  Hydrogen.*      Harry  L.  Barnitz.      (105)      Feb.  4. 
Power    Production     for     Nitrogen     Fixation.      (Abstract     of     Final     Report     of     the 

Nitrogen    Products    Committee).       (57)      Feb.    6. 
A    New   Cyanide.     W.    S.    Landis.      (Paper    read    before   Am.    Electrochemical    Soc.) 

(105)      Feb.   11. 
Cost-Plus   Contract    Satisfactory   on    Boston   Army   Base.*      (13)      Feb.    12. 
Registration   of   Engineers.      (Abstract   of    report  of   the   committee   as  submitted   to 

Engineering   Council.)       (103)      Feb.    14. 
Some  Aspects   of   Cheap   Cyanide   Processes.     Herbert   Philipp.      (Paper  read  before 

Am.    Electrochemical    Soc.)       (105)      Feb.    18. 
Theoretical   Study  of   Nitrogen  Fixation  by  the  Electric  Arc.      Charles  P.   Steinmetz. 

(105)      Serial   beginning  Feb.   18. 
Advantages    of     Standard     Plans    and    Specifications    and    Centralized    Control    for 

Government   Work.      R.   C.   Marshall,   Jr.      (86)      Feb.    18. 
Application    of    Dewey    System    for .  Numbering    County    Bridges.      Harry    F.    Harris. 

(From   paper   read   before   New  Jersey  County  Engrs.'  Assoc.)       (86)      Feb.   25. 
The  Demand  and  Supply  of   Fixed   Inorganic  Nitrogen  in  the  United  States.     Alfred 

H.   White.      (105)      Feb.   25. 
Welfare   Work   at   an  Anthracite   Colliery.*      Dever   C.   Ashmead.      (45)      Feb.   26. 
La  Culture  Mecanique  en  1919  :  Les  Demonstrations  de  Saint-Germain  et  de  Senlis.* 

(.33)      Dec.   6,   1919. 
La  Recuperation  de  I'Acide  Sulfurique  en  Temps  de  Guerre.      (33)      Dec.  27,  1919. 
Ein   neues   zeichnerisches   Integriermittel.*      Herm   Naatz.      (48)      Aug.    30,    1919. 
Die   Ausniitzung   der   Hochofenabgase   zur   Kohlensaurediingung.*      Friedrich    Riedel. 

(50)      Dec.   4,   1919. 

Municipal. 

City  Zoning.      Robert  H.  Whitten.      (4)      Jan.  20. 

Railroads. 

Concrete    Railway   Track    Support.*      A.    C.    Irwin.      (12  0      Vol.    15,    1919. 

Review  of  Traffic   Questions.      C.   Colson.      (88)      July-Sept.,    1919. 

Railway    Nationalisation.      W.    M.    Acworth.      (88)      July-Sept.,    1919. 

Powdered   Coal   for  Locomotives.*      L.   C.   Harvey.      (From   Railway   Gazette.)       (88) 

July-Sept.,    1919. 
Note  on  the  Theoretical  Coefficient  of  Working  of  the  Italian  Secondary  Railways.* 

A.  Campiglio.      (Abstract  from  Revista  Tecnica  della  Ferrovie  Italiane.)       (88) 

July-Sept.,   1919. 
The   Railways  of   France.*      Charles  Weiss.      (36)      Jan. 
Prairie  Type  Locomotives  for  the  Kin  Han   Ry.*      (18)      Jan.   31. 
Preventing  Rail  Fractures  Resulting  from  Minute  Fissures.      (19)      Feb. 
Engineering    Maintenance    on    Underground    Railways.*      A.    R.    Cooper.      (Abstract 

of  paper  read  before  Permanent  Way   Inst.)       (21)      Serial  beginning  Feb. 
The  Alternating-Current  Track  Circuit.*      A.   E.   Tattersall.      (21)      Feb. 
Locomotive   Fitted    for   Burning   Pulverised    Fuel.*      (21)      Feb. 
British    Railway    Telegraphs    in    France.      (Abstract    of    paper    read    before    Inst,    of 

Ry.    Signal   Engrs.)       (21)      Feb. 
Three-Position   Electrical   Signalling.*      (21)      Feb. 

Locomotive    Operation    and    Fuel    Economy.      Robert    Collett.      (25)      Feb. 
AU-Metal  Electric  Multiple  Unit  Cars.*     Robert  E.  Thayer.     (25)  Feb.;   (15)   Feb.  20. 
The   Inspection   of   Freight   Equipment.      L.    K.    Sillcox.      (25)      Feb. 
Scheduling  and  Routing  Work  in  the  A.  E.  P.  Shop.*      C.  E.  Lester.      (25)      Feb. 
Electrification  of  Melbourne  Suburban  Railways.*      (15)      Feb.  6. 
Present    Status    of    Standard    Track    Spirals.      (Report    of    Committee    read    before 

Am.    Elec.    Ry.    Eng.   Assoc.)       (17)      Feb.    14. 

*  Illustrated. 
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Railroads — (Continued). 

Storage    Battery    Locomotives    in    Hetch    Hetchy    Tunnels.*     Paul    J.    Ost.      (Ill) 

Feb.    15. 
Transformer    Action     of    Tapped     Field    Railway     Motors.     C.     W.     Squier.       (17) 

Feb.  21. 
Why  Electrification  is  an  Economic  Necessity.*     A.  H.  Armstrong.      (17)      Feb.  21. 
Renewing     Railway     Crossings     and     Special     Work.*     Clifford     A.     Elliott.      (17) 

Feb.  21. 
Railway    Car    Materials — Wood :    Some    Practical    Suggestions    for    Those    Who    are 

Responsible  for  the  Purchase  and  Upkeep  of  Electric  Rolling  Stock.*     Norman 

Litchfield.      (17)      Feb.  21. 
Operation   and   Maintenance  of   Railroad   Stationary  Plants.      (Extracts   from   report 

read  before  Assoc,  of  Ry.  Elec.  Engrs.)      (64)      Feb.  24. 
New    Studies    of   Railway   Track:    Counterbalance   Effect   and    Behavior   of    Tie   and 

Ballast.      (13)      Feb.    26. 
Refrigeration  Teat  Conducted  with  Fruit  Laden  Cars.*      (15)      Feb.  27. 
Modernizing     Freight     Car     Repair     Facilities.*      Gustave     E.     Lemmerich.      (15) 

Feb.  27. 
Observations    Concernant    les    Cassures    Defectueuses    des    Eprouvettes   de    Traction 

Lots    de    la    Reception    des    Elements    de    Canon.*      A.    Portevin.      (93)      Sept.- 

Oct.,   1919. 
L'Utilisation      d'une      Usine      de      Traction      Pendant      la      Guerre      (1914-1919).* 

J.   Sheriaud.      (32)      July,   1919. 
Note     sur     I'Application     d'une     Locomotive     au     Trfifllage     des     Obres     de     75.* 

M.   Szersnovicz.      (32)      July,   1919. 
La    Securite    de    I'Exploitation    des    Voies    Ferrees :    Prescriptions    de    la    Circulaire 

Ministerielle  du  19  Novembre,  1919.      (33)      Dec.  13,  1919. 
Les    Locomotives    Electriques    du    Chemin    de    Fer    du    Gothard     (Suisse).*      (33) 

Jan.  3. 
Le  Trafic  et  les  Tarifs  sur  les  Chemins  de  Fer  des  Principaux  Etats  du  Monde,  de 

1908  a  1912.      (33)      Jan.  24. 
Die  Spurweite  der  Kleinbahnen.*      Blum.      (48)      Serial  beginning  Sept.  13,  1919. 
Ueber   wirtschaftlichen    Betrieb    auf    elektrischen    Bahnen.*     Wittfeld.      (40)      Sept. 

20,    1919. 

Roads  and  Pavements. 

Impact  Tests  on  Roads.     C.  C.  Wiley.      (60)      Feb. 

Fundamental    Considerations    Affecting    Concrete    Pavement    Design.      S.    T.    Morse. 

(60)      Feb. 
The  Proper  Width  of  a  Permanently  Paved  Highway.      Monroe  L.  Patzig.     (60)     Feb. 
The  Design   of   Pavement   Surfaces  for  Modern   Traffic.      H.  J.   Fixmer.      (60)      Feb. 
Effect  of   Car   Tracks  Upon   Traffic  Capacity  of   Roadways.      Geo.   W.   Tillson.      (60) 

Feb. 
Standard   Specifications   for  Brick  Pavements.      Maurice  B.   Greenough.      (60)      Feb. 
Service  the   Final   Test   of   Quality   of   Road    Stone.      H.   Eltinge  Breed.      (60)      Feb. 
New    Type    of    Mixing    Plant    Used    on    11-Mile    Concrete    Paving    Job    in    Oregon.* 

R.  F.  Hoffmark.      (86)      Feb.  4. 
Continuity   of    Operation    Essential    to    Success   In   the   Use   of    Industrial   Railway.* 

H.    Eltinge   Breed.      (13)      Feb.    5. 
Asphaltic  Concrete  Laid  on  Gravel  Base.*     E.  F.  Petersen.      (13)      Feb.  5. 
Tamping    Templet    Expedites    Brick-Road    Construction.*      F.     A.    Churchill.      (13) 

Feb.   5. 
Developments  in  New  York  State  Highway  Maintenance.*      (13)      Feb.  5. 
Charts  Tell   Cost  of   Concrete  Paving.*      F.   J.   Herlihy.      (13)      Feb.   5. 
Progress  in   Highway  Engineering.      II.   E.  Breed.      (117)      Feb.   15. 
Development  of  Saskatchewan's  Highway  System.     Charles  W.  Dill.      (96)      Feb.  19. 

Sanitation. 

Final    Report    of    the    Committee    on    Sanitary    Drinking    Fountains    of    the    Iowa 

Section   of   the   American    Water  Works   Association.      (59)      Jan. 
Sewage   Disposal   in   Small   Cities   and   Towns.*      Milton   F.    Stein.      (60)      Feb. 
Improving  Sewage  Plant   Operation.*      C.   H.   Currie.      (60)      Feb. 
Building    Storm    Water    Sewers    in    Hamilton,    Ohio.*      Roger    B.    McWhorter.      (60) 

Feb. 
Tunneling   Machines    Successful    on    Detroit    Sewers.*      (13)      Feb.    12. 
Construction  Work  on  an  Outlet  Sewer  in   Soft  Soil.*      (13)      Feb.  12. 
Imhoff    Sewage    Digestion    Tank    Operation.      W.    G.    Kirchoffer.      (117)      Feb.    15. 
Les  Appareils   Respiratoires   a   Regeneration   de   L'Air.*      (33)      Dec.   27,    1919. 
Die      Desinfektionsanstalt      der       Stadt       Saarbrucken.*        Julius       Ammer.        (69) 

Aug.,  1919. 
Klaranlage-Kraftwerke.*      G.    Strassburger.      (7)      Aug.   16,   1919. 
Zur    Frage    der    Gehaltsbestimmung    eisenhaltiger    Formalinlosungen.      Lockemann. 

(7)      Aug.  23,  1919. 

•  Illustrated. 
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Sanitation — (Continued). 

Zur    Anwendung    der    Bundesratsverordnung    vom    2.    November    1917    iiber    Sam- 

melheizungs-und     Warmwasserversorgungsanlagen     sowie    der    V.-O.     vom     22 

Juni   1919.      Krienitz.      (7)      Aug.    23,    1919. 
Brennstoffverbrauch  von   Heizungs-  und  Liiftungsanlagen  verschiedener  Bauarten  in 

Schulgebauden.      O.  Schmidt.      (7)      Aug.  30,  1919. 
Ueber    eine    Brunnenwasser-Schwimmbadeanstalt     im     Freien.*      L.     Schwarz.      (7) 

Sept.   13,   1919. 
Heizung  durch  Windkraftbetrieb.      M.  Grellert.      (7)      Oct.  18,  1919. 
Raumliiftung    bei     Einzelofenhelzung.     Tli.     Riekenberg    and     Ginsberg.      (7)      Oct. 

18,   1919. 
Die     Bekampfung     der     Rauchplage     mit     besonderer     Beriicksichtigung     der     Stadt 

Saarbriicken     und     die     zukiinftige     Entwicklung     der     Brennstoffwirtschaft.* 

F.   Guth.      (7)      Serial   beginning  Nov.    8,    1919. 

Structural. 

Some    Remarks   on    Earthquake    Resisting    Construction    in    Central    America.     Juan 

T.   de  Jongh.      (121)      Vol.    15,    1919. 
Tests  of  Concrete  Tanks  for  Oil  Storage.*      J.  C.  Pearson  and  G.  A.   Smith.      (121) 

Vol.  15,   1919. 
The    Design    of    Reinforced-Concrete    Fuel-Oil    Reservoirs.      H.    B.    Andrews.      (121) 

Vol.  15,  1919  ;   (67)      Feb. 
The  Strainagraph   and   Its  Application   to   Concrete   Ships.*      Franklin   R.   McMillan. 

(121)      Vol.    15,    1919. 
Plasticitv  and   Temperature  Deformations  in  Concrete  Structures.*      S.  C.  Hollister. 

(121)      Vol.   15,   1919. 
Concrete    Work    on    the    Brooklyn    Army    Base.*      Arthur    C.    Tozzer.      (121)      Vol. 

15,   1919. 
Structural    Laboratory    Investigations    in    Reinforced    Concrete    Made    by    Concrete 

Ship     Section,     Emergency     Fleet    Corporation.*     W.    A.     Slater.      (121)      Vol. 

15,    1919. 
Effect    of   Vibration    Jigging   and   Pressure   on    Fresh    Concrete.*     Duff   A.    Abrams. 

(121)      Vol.  15,  1919. 
Fire   Tests   of   Concrete   Columns.*      Walter  A.   Hull.      (121)      Vol.   15,   1919. 
The  Strain-Energy  Function  and  the  Elastic  Limit.*     B.  P.  Haigh.      (11)      Jan.  30. 
Why  Concrete  Oil  Storage  Tanks?*      C.  W.  Freitag.      (67)      Feb. 
Concrete  Oil  Storage  Tanks  for  Industrial  Plants.      J.  E.  Freeman.      (9)      Feb. 
How    House    Building    Costs    Have    Increased    Since    1913.*     Le    Roy    K.    Sherman. 

(13)      Feb.    5. 
Electrolysis  of  Concrete.*      (96)      Feb.  5. 
Blast  Furnace  Plant  Built  in  One  Year.*      (20)      Feb.  12. 
Eccentric   Loading   in    Rigid   Frames.*      F.    E.    Richart.      (13)      Feb.   12. 
Loading  Test  of  18-ft.  Circular  Concrete  Grain  Bin.*      P.  J.  Hansen.      (13)      Feb.  12. 
Large    Concrete     Oil     Tank    Built    for    Panama    Canal.*      R.     C.     Hardman.      (13) 

Feb.    19. 
Largest  American  Shield  Tunnel  Designed  to  Carry  Vehicular  TralBc  Under  Hudson 

River.*      (13)      Feb.   19. 
Speaking  of  Tall  Chimneys :    Some  of  the  World's   Leaders,   and  the  Reasons  Why 

They  are  Built   So  High.*      J.   F.  Springer.      (46)      Feb.   21. 
How  Can   Laboratory  Tests  of  Concrete  Materials  Be  Made  of  Greater  Value  to  the 

Field  Engineer  and  Contractor.      G.   M.  Williams.      (86)      Feb.   25. 
Pressure  of  Concrete  in  Forms.      George  Paaswell.      (86)      Feb.  25. 
Moments   in   External   Columns  of   a   Building.*      W.   M.   Wilson    and   F.   E.   Richart. 

(86)      Feb.    25. 
Les     Essais     Physiques,     Statiques     et     Dynamiques     des     Bois     de    Construction     et 

d'Aviation.      (33)      Dec.   20,   1919. 
Zeichnerisches     Verfahren     zur     Ermittlung     der     Nebenspannungen     des     ebenen 

steifknotigen   Fachwerkes.*      Chr.   Vlachos.      (69)      Jan.,    1919. 
Berechnung    eiserner    Fachwerksgebaude    bei    Anordnung    eines    in    der    dachebene 

liegenden     geknimmten     Giebelwandtragers.*      F.     Klokner.      (69)      Jan.,     1919. 
Die      Knickfestigkeit      elastischer      Stabverbindungen.*       Friedrich      Bleich.       (69) 

Serial  beginning  Feb..   1919. 
Berechnung  eines  in  der  Dachebene  liegenden  Giebelwandtragers.*      G.  Unold.      (69) 

Feb.,    1919. 
Die  Bemessung  von  Druckstaben  aus  Flusseisen  und  Stahl.*     F.  Wansleben.      (69) 

Mar.,    1919. 
Die   Verwendung   des   Eternits   bei    Eisenbauten.*      Gustav   Thurnherr.      (69)      Mar., 

1919. 
Aus   dem    Normenausschus   der   deutschen    Industrie ;    Niete.*      (69)      Mar.,    1919. 
Zur  Berechnung  gekriimmter  Trager.*      A.  Senft.      (69)      May,  1919. 
Durchgehende    Balkan     mit    Beliebig    vielen    Offnungen,    bei    Beanspruchung    durch 

Langs-    und    Querwirkende   Krafte.*      Julius    Ratzersdorfer.      (69)      May,    1919. 
Versuche  iiber  Winddruck.*      Miillenhoff.      (69)      May,    1919. 
Bemerkenswerter     Eisenbau     elner     Kirche     in     Chikago.*       O.     Bechstein.       (69) 

July,   1919. 

•  Illustrated. 
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Einige      Anwendungsbeispiele      fiir      den      Au£-gespaltenen      Gewalzten      Trager.* 

F.  Wansleben.      (69)      July,  1919. 
Druckversuche   mit  Holz.*     Trauer.      (69)      July,   1919. 
Beanspruchung     axial     Gedriickter,     durch     Einzellasten     Gebogener     Stabe.*      Karl 

Arnstein.      (69)      July,    1919. 
Fabrikneubauten    der    Hansa-Lloyd    A.-G.    in    Bremen.*      R.    u.    G.    Schellenberger. 

(78)      Aug.    4,    1919. 
Beitrag    zur    Berechnung    biegungsfester     Stockwerkrahmen.*      Stanislar     BechynS. 

(78)      Aug.  4,  1919. 
Beton  im  Wohnhausbau.*     Alex.  Marx.      (7)      Aug.  30,  1919. 
Die  neue  staatliche  Fraucnklinik  mit  Mutter-  und  Saugllngsheim  in  Chemltz  i.  Sa.* 

(40)      Sept.   20,   1919. 
Kalkbedarf   des    Luftkalkmortels.     B.    Krieger.      (80)      Oct.    11,    1919. 
Abdichtung      von      Im      Grundwasser      liegenden      Kellerraumen,      besonders      von 

Heizkellern.      August   Wolfsholz.      (7)      Oct.    25,    1919. 
Die    Holzimpragnieranstalt    der    Kgl.    schwedischen    Staatseisenbahnverwaltung    zu 

Pitea.*     Friedrich  Moll.      (48)      Nov.  1,   1919. 
Zum   Obmannamt-Durchbruch   in    Zurich. *      (107)      Serial    beginning   Dec.    6,    1919. 

Water  Supply. 

Inspection  and  Tests  of  Run-Off  Records.     C.  H.  Pierce.      (36)      Jan. 

Rainfall  at  Muscatine,   Iowa.*      Wm.  P.  Molis.      (59)      Jan. 

Legal  Responsibility  for  a  Pure  Water  Supply.      John  Wilson.      (59)      Jan. 

Ozone  As  a  Disinfectant  in  Water  Purification.      Joseph  W.  Ellms.      (59)      Jan. 

Experiences  with  Frozen  Services,  Mains  and  Meters  During  the  Winter  of  1917-18, 
Rochester,  N.  Y.      Beekman  C.  Little.      (59)      Jan. 

A  Remarkable  Pumping  Performance  at  the  Northeast  Pumping  Station,  Minne- 
apolis.*     F.  W.   Cappelen.      (59)      Jan. 

Water  Consumption  in  Army  Camps.*      George  A.  Johnson.      (59)      Jan. 

The    Water    Supply    System    of    Camp    McClellan,    Alabama.*      Maurice    R.    Scharfl. 

(59)  Jan. 

The  Water  Supply  Problem  in  a  Combat  Division.     Lucius  A.  Fritze.      (59)      Jan. 
Final  Report  of  the  Committee  on  Sanitary  Drinking  Fountains  of  the  Iowa  Section 

of  the  American  Water  Works  Association.      (59)      Jan. 
Meter  Practices  of  the  Terre  Haute  Water  Company.*      Dow  R.  Gwinn.      (59)      Jan. 
An   Improved  Weir  for  Gaging  in  Open  Channels.*      Clemens  Herschel.      (55)      Feb. 
Twin   Falls,    Idaho,   Water   Supply   and   Purification    Plant.*     Robert   E.   McDonnell. 

(60)  Feb. 

Electrically   Operated    Water  Works   Pumping   Plants    in    Indiana.*     G.    C.   Blalock. 

(60)   Feb.  ;    (117)   Feb.   15. 
Flow  in  Uniform  Channels  When  the  Water-Surface   Is  Not  Parallel  to  the  Invert. 

Alex.  H.  Jameson.      (Paper  read  before  Inst,  of  Water  Engrs.)       (96)      Feb.  5. 
Recent  Advances  in  the  LTtilisation  of  Water  Power.      E.  M.  Bergstrom.    (73)    Feb.  6. 
Possible  Hydro-Electric  Development  in  this  Country.      S.  E.  Britton.     (73)     Feb.  6. 
Compact  Rapid  Sand  Filtration  Plant  at  Hawkesbury,  Ont.*      (86)      Feb.   11. 
Methods   of    Grouting   Pressure   Tunnels   of    Catskill    Water   Supply    System.*      (86) 

Feb.   11. 
New  Storage  Dams  in   Illinois.*      (86)      Feb.  11. 
A    Study    of    the    Lime,    Soda    Ash    Water-Softening    Process.*      Max    R.    Herrle    and 

Francis  M.  Gleeson.      (105)      Feb.  11,  1919. 
The    Permanence    of    Electric    Pumping    in    California.*     Charles    H.    Lee.      (Ill) 

Feb.  15. 
Decatur  and  Jacksonville  Dams.     L.  A.  Greeley.      (117)      Feb.  15. 
Concrete  Dam  Construction  for  Irrigation  District.*     W.  A.  Scott.      (117)      Feb.  15. 
Power  Possibilities  of   Nova   Scotia.      K.   H.   Smith.      (Abstract  of   paper   m   Halifax 

Chronicle).      (96)      Feb.  19. 
Water  Supply  of  an  Army  Division  in  Palestine.*      J.  E.  Pringle.      (96)      Feb.  19. 
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ARCHED  DAMS.* 


By  B.  a.  Smith,!  M.  Am.  Soc.  C.  E. 


j.  Synopsis. 

A  solution  of  the  problem  of  arch  dam  analysis  is  offered  which, 
although  not  free  from  objection,  avoids  the  obvious  defects  of  the 
ordinary  cylinder  theory.  These  defects  are,  that,  by  the  latter  theory, 
the  arch  thrust  is  a  maximum  at  the  base  of  the  dam  vphere,  as  a 
matter  of  fact,  it  must  vanish  and  that  it  vanishes  at  the  crest  where, 
in  any  ordinary  case,  the  deflection  is  greatest  and  as  a  consequence 
the  stress  due  to  the  arch  thrust  must  be  a  maximum.  Two  cases  are 
dealt  with:  (1)  A  complete  cylindrical  dam  or  tank  of  uniform  thick- 
ness throughout;  (2)  a  complete  cylindrical  dam  or  tank  of  uni- 
formly varying  thickness  from  crest  to  base.  The  mathematical 
investigation  of  these  cases  is  given  in  Appendix  1.  Case  1  is  found 
to  be  included  in  case  2. 

It  is  shown  in  Appendix  2  that,  provided  we  neglect  the  twist  in 
the  material  arising  from  the  base  being  fixed  while  the  cylinder  is 
deformed  by  the  water  pressure,  we  can  use  the  solutions  obtained 
for  the  complete  cylinder,  as  an  approximation  to  the  solution  for 
the  deepest  part  of  a  dam  built  in  a  valley  of  any  form  provided  that 
we  replace  the  ordinary  Young's  Modulus  for  the  horizontal  thrusts 
by  a  modulus  two-thirds  as  great.     The  effect  of  temperature  is  con- 


*  This  paper  will  not  be  presented  for  discussion  at  any  meeting  of  the  Society, 
but  written  communications  on  the  subject  are  invited  for  subsequent  publication  In 
Procerdincia  and  with  the  paper  in  Transactions. 

T  Melbourne,  Victoria.  Australia. 
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sidered,  and  it  is  demonstrated  by  a  numerical  example  in  Appendix  4 
that  the  stresses  due  to  variations  of  temperature  may  be  considerably 
greater  than  those  due  to  the  water  pressure. 

Tables  of  Michell's  functions  are  given  which  enable  the  solution 
of  any  problem  on  the  design  of  arched  dams  of  wedge  shaped  cross 
section,  the  upstream  surface  being  a  vertical  cylinder  of  constant 
radius,  to  be  made.  The  chief  labor  involved  is  the  solution  of  a 
set  of  four  simultaneous  equations  to  determine  four  arbitrary  con- 
stants which  enter  into  the  expression  for  the  displacement  of  any 
point  in  the  vertical  generators  of  the  cylinders,  but  with  a  six  or 
eight  figure  calculating  machine  this  can  be  done  in  about  an  hour. 

A  remarkable  feature  of  Michell's  functions  is  the  balance  which 
subsists  between  them  leading  to  very  small  resultants  when  the 
functions  are  combined  in  the  course  of  the  work.  This  renders 
it  necessary  to  exercise  care  in  usi]ig  them ;  in  particular  it  will  be 
found  necessary  to  retain  six  or  seven  significant  figures  in  the 
arbitrary  constants,  otherwise  we  shall  be  led  to  quite  erroneous 
results.  A  perusal  of  the  numerical  work  in  Appendix  3  will  show 
this  clearly. 

Although  at  first  sight  the  tables  appear  to  be  limited  to  a  height 
of  30  ft.,  it  will  be  found  that  this  is  not  really  the  case,  the  niimbers 
1  to  30  in  the  tables  are  merely  like  the  ordinary  numbers  in  a 
table  of  logarithms,  and  the  height  may  be  200  ft.,  or  even  more.  The 
limitation  of  the  investigation  to  the  two  cases  of  uniform  thickness 
and  a  truncated  wedge  shaped  cross  section  will,  it  is  hoped,  be  viewed 
with  leniency,  when  account  is  taken  of  the  somewhat  laborious 
nature  of  the  investigation  even  in  these  two  comparatively  simple 
types  of  arched  dams. 


The  Cylinder  Theory. 
A  recent  paper  by  H.  Hawgood,  M.  Am.  Soc.  C  E.,  on  the  Huacal 
Dam,  Sonora,  Mexico,*  indicates  that  the  subject  of  the  design  of  arched 
dams  is  not  yet  exhausted.     The  usual  procedure  hitherto  has  been  to 
assume  that  the  arch  thrust  is  given  by  the  expressionf 

T  =  p  R 

*  Transactions.  Am.  Soc.  C.  E.,  Vol.  LXXVIII   (1915),  p.  564. 

t  Transactions,  Am.  Soc.  C.  E.,  Vol.  LXXVIII    (1915),  Table  1,  p.  567. 
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in  which 

p  =  the  pressure  in  pounds  per  square  foot  at  the  section  con- 
sidered ; 

R  =  the  radius  of  the  upstream  face,  in  feet ; 

T':^the  arch  thrust  in  pounds  per  foot  height  of  the  dam  at  the 
given  section. 
It  is,  however,  generally  recognized  by  engineers  that  this  expres- 
sion can  only  give  the  thrust  at  points  so  far  above  the  base  that  the 
arch  can  deflect  sufficiently  to  allow  the  material  to  come  into  com- 
pression. In  the  case  of  the  Huacal  Dam,  for  example,  the  radial 
displacement  near  the  base  would  have  to  be  of  the  order  of  |  in.  in 
order  to  allow  the  calculated  arch  thrust  to  exist.  An  elastic  move- 
ment of  the  foundation  rock  of  this  magnitude  is  hardly  conceivable. 
The  assumption  that  the  base  is  rigidly  fixed  is  probably  a  much 
nearer  approximation  to  the  actual  conditions. 

Proposed  Modification  of   the   Cylinder  Theory. 

The  present  paper  is  an  attempt 
to  carry  the  approximation  of  the 
cylinder  theory  a  step  farther  by 
taking  account  of  the  shear  across 
a  horizontal  plane  and  the  corre- 
sponding bending  moment  about  a 
horizontal  tangent  to  the  cylinder. 

First,  consider  a  complete  cyl- 
inder   symmetrically    deformed    so 

that    the    displacement    of    every  ^ 

point  is  radial.    It  is  clear  that,  in  plan  of  segmental  dam 

this   case,   there  will   be   no   shear  ^^^''  ^' 

across  vertical  axial  planes,  and  as  a  consequence  there  will  be  no  bend- 
ing moment  about  the  vertical  generators;  that  is,  in  the  case  of  the 
complete  cylinder,  bending  as  a  horizontal  arch  does  not  occur. 

Segmental  Dams. 
Next  consider  a  segment  of  the  cylinder  A  C  B,  Fig.  1,  between 
two  vertical  generators  at  A  and  B  respectively,  subtending  an  angle 
4  0  5  =  2  or  at  the  axis  0,  and  suppose  this  segment  is  free  to 
slide  on  the  base  and  is  merely  supported  at  the  ends  A  and  B  so 
that   the   bending   moment   vanishes    at   each    of    these   ends.      Then, 
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assuming  that  the  bending  moment  vanishes  throughout  and  that 
the  segment  is  subjected  to  a  uniform  compressive  stress  (arch  thrust) 
throughout  its  length  so  that  the  elastic  compression,  f,  is  constant 
throughout,  the  segment  deforms  to  the  shape  A  C  B  and,  as  is  shown 
in  Appendix  2,  the  displacement  C  C  (=  v)  of  the  centre  of  the 
segment  is  given  by 

f  H  a  (\  —  cos.  a) 
sin.  a  —  a  cos.  a 

\^'he^e 

/  =  the  elastic  compression  of  the  material ;   that  is,  the  ratio 

of  the  contraction  of  any  given  length  under  compression 

to  the  original  length  of  that  portion; 
B,  =  the  radius  of  the  cylinder ; 
2a  =  the  angle  A  0  B. 

2   7f 

If  2  «  is  less  than  -— ,  or  120°,  there  can  be  written,  approximately, 

v=lfB 

v;hich  is  independent  of  a. 

This  means  that  the  radial  displacement  v  at  C,  the  centre  of  the 
segment  A  C  B,  supposed  to  be  fixed  in  position  at  the  abutments 
A  and  B,  though  free  to  turn  about  these  points,  is  the  same  as  it 
would  have  been  ii  A  C  B  formed  part  of  a  complete  cylinder,  subject 
to  the  same  stress,  whose  Young's  Modulus  E  had  a  value  two-thirds 
of  that  of  the  actual  material. 

It  may  be  mentioned,  to  anticipate  the  objection  being  taken,  that 
unless  extraordinary  precautions  are  taken  to  fix  in  direction  the  ends 
of  the  arch,  A  and  B^  there  will  be  deflections  at  these  points  which 
will  correspond  very  nearly  to  the  deflections  due  to  no  bending 
moment  at  A  and  B. 

Dams  Constructed  in  Valleys  of  Any  Profile. 

In  order  to  pass  from  the  ideal  case  to  the  actual  one,  namely,  a 
dam  built  in  a  valley  of  any  profile,  the  twist  in  the  surface  which 
occurs  when  the  base,  instead  of  being  free  to  slide,  is  fixed  throughout 
13  neglected.  If  this  is  done,  A  C  B,  Fig.  2,  may  be  regarded  as  any 
horizontal  section  of  a  dam  of  which  A^  C^  B^  is  the  crest  and  C„  C  Cj 
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the  central  vertical  generator  so  that  A^  A  G^  B  B^  is  the  profile  of  the 
valley  which,  under  the  conditions  premised,  may  be  of  any  shape  what- 
ever, so  long  as  it  is  approximately  symmetrical.  As  is  shown  in  Appen- 
dix 2,  and  subject  to  the  limitations  there  given,  the  radial  displace- 
ment of  any  point  C  of  the  central  vertical  generator  C^  C  C^  will 
then  be  the  same  as  if  that  generator  formed  part  of  a  complete 
cylinder  the  value  of  Young's  Modulus  for  which  is  two-thirds  of  that 
of  the  actual  material  of  the  dam. 

The  solution  obtained  for  the  complete  cylinder  is  thus  applicable 
(subject  to  the  reservations  mentioned  above)  to  the  case  of  any 
ordinary  arched  dam,  the  value  of  the  Young's  Modulus  being  taken 
as  two-thirds  of  its  value  for  the  material  of  which  the  dam  is  built. 


ELEVATION   OF   SEGMENTAL  DAM    IN  VALLEY 
Fig.   2. 


Limitation  of  Solutions  to  Two  Types  of  Dam. 

Two  cases  are  here  considered:  (1),  a  cylindrical  dam  or  tank 
of  uniform  thickness  throughout;  (2),  a  cylindrical  dam  of  finite 
crest  width  and  of  uniformly  varying  thickness  from  crest  to  base. 

The  difficulty  of  obtaining  a  solution  of  the  equation  of  equilibrium 
of  the  material  in  other  cases  must  be  pleaded  in  excuse  for  no 
attempt  being  made  at  a  general  solution  applicable  to  dams  of  any 
cross  section;  the  simple  cases  considered  are  troublesome  enough. 
The  solution  of  the  first  case,  the  cylindrical  dam  of  uniform  thick- 
ness, results  quite  simply  in  terms  of  known  functions,  circular  and 
hyperbolic.  The  solution  of  the  second  case  is  obtained  in  series. 
Four  different  series  each  of  which  satisfies  the  equation  of  equilibrium 
are  required;  these  are  given  in  algebraic  form,  together  with  tables 
for  the  values  of  each  of  the  functions  and  their  first  three  derivatives, 
which   are   all   required   to   satisfy   the   boundary   conditions    at   the 
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crest  and  at  the  base  of  the  dam.     These  functions  will  be  referred 
to  as  Michell's*  functions. 

It  is  shown  that  the  solution  of  the  fundamental  equation  can  be 
formally  expressed  in  terms  of  Bessel's  functions,  but  as  the  func- 
tions involved  have  complex  arguments  it  is  considered  preferable  to 
leave  the  solution  in  terms  of  Michell's  functions,  which  involve  only 
a  real  argument-  The  solution  in  terms  of  Bessel's  functions,  how- 
ever, is  useful  as  it  permits  the  extension  of  the  tables  by  using  the 
"semiconvergent"  expressions,  and  this  makes  it  possible  to  deduce 
the  solution  for  the  uniform  dam  from  the  case  where  the  thickness 
is  variable. 

An  equation  corresponding  to  the  fundamental  equation  of  case 
(2)  for  a  particular  case,  namely  when  the  section  is  a  triangle  with 
its  crest  at  the  water  level,  is  given  by  H.  Lorenzf,  but  as  this  solution 
is  of  very  limited  application  and  as  only  two  solutions  of  the  four 
series  of  the  fundamental  equation  are  given,  and  then  only  in  series 
form,  it  cannot  be  regarded  as  a  complete  solution  of  the  problem. 

The  solution  obtained  for  case  (1)  shows  that  the  bending  moment 
rapidly  dies  out  as  we  leave  the  base  of  a  dam  or  tank  of  uniform 
thickness,  whether  the  base  is  fixed  in  direction  or  merely  simply 
supported,  and  that  at  a  height  above  the  base  equal  to  three  or  four 
times  the  thickness  of  the  dam  the  ordinary  cylinder  formula  T  =^  p  R 
applies  quite  nearly  enough.  This  statement  must  not  be  taken  to 
indicate  that  the  bending  moment  near  the  base  can  be  disregarded, 
for  this  cannot  be  done  altogether,  but  it  shows  the  great  assistance 
given  by  the  arch  in  supporting  the  load  on  the  dam. 

Temperature  Effect. 

The  effect  of  temperature  changes  on  the  stresses  is  considered, 
and  it  is  shown  that  a  very  moderate  range  of  temperature  will  give 
rise  to  stresses  considerably  greater  than  those  due  to  the  water  pres- 
sure. As  a  consequence,  it  appears  that,  if  practicable,  a  concrete 
dam  should  be  built  at  a  time  when  the  temperature  is  well  below  the 
mean  temperature  of  the  locality,  for  if  this  is  done  the  effect  of  a 
rise  of  temperature  is  to  enhance  the  arch  effect,  and  it  may  even 
cause  the  dam  to  deflect  upstream  against  the  water  pressure.     This 

*  These  functions  are  here  published  for  the  first  time. 
t  "Lehrbuch  der  Technichen  Physik",  Vol.  IV,  p.  618. 
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was  found  to  happen  in  the  case  of  the  Wooling  Dam,  to  which  these 
calculations  were  first  applied. 

A  similar  phenomenon  is  suggested  by  the  observations  of  the 
deflections  of  the  Barren  Jack  Arch  Dam  shown  in  Fig.  6  of  the  paper* 
by  Mr.  Hawgood. 

The  Arguments  of  Michell's  Functions. 
Attention  should  be  called  to  the  fact  that  the  arguments  x  in  the 
tables  of  Michell's  functions  are  not  actual  heights  but  are  mere 
numbers  like  the  arguments  in  a  table  of  logarithms.  The  relation 
between  x  and  the  actual  depth  z  below  the  origin,  which  is  taken 
to  be  at  the  intersection  of  the  upstream  and  downstream  faces  of 
the  dam,  is  given  by 

z=  Tc  X 
where 

0.-1  JJ(j 

in  which 

C  =  the  tangent  of  the  angle  between  the  upstream  and  doAvn- 

stream  faces  of  the  dam,  in  a  vertical  axial  section ; 
R  =  the  radius  of  the  cylindrical  upstream  face ; 
E^  =  Young's  Modulus  for  the  vertical  forces ; 
-S/q  n=  Young's  Modulus  for  the  arch  thrust. 
In  the  case  of  the  complete  cylinder,  E  is  the  ordinary  value  of 
Young's  Modulus.    In  the  case  of  the  segmental  dam  E^  becomes  §  E^. 
The  value  of  E^  depends  on  the  vertical  reinforcement.     If  p  is  the 
ratio  of  area  of  steel  reinforcement  to  concrete,  then 

E^  =  E  {l  +  lb  p) 
where    E    is    the    ordinary    Young's    Modulus    for    concrete    for    the 
vertical  reinforcement.    For  steel  .E^^  =  30  X  10^  lb.  per  sq.  in.  =  15 
X  E. 

For  example,  if  p^  =  2%  and  ^  =  2  X  10*^  lb.  per  sq.  in.  and  p^ 
=  1  %  for  the  horizontal  reinforcement 

E^  =  2X  10*^   (1  +  15  X  0.02)  =  2.6  X  lO'^ 
E^  =  2X  10*'   (1  +  15  X  0.01)  =  2.3  X  10« 
The  fact  that  the  dam  is  segmental  does  not  affect  E^,  in  calcu- 
lating which  the   ordinary  Young's   Modulus   is   used.      Suppose,   for 
*  Transactions,  Am.  Soc.  C.  E.,  Vol.  LXXVIII   (1915),  p.  578. 
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example,    a    segmental   dam    of    200   ft.    radius    with    upstream    face 

vertical  and  the  batter  of  the  downstream  face  1  in  6,  so  that  c  =  - , 

6' 

and  with  2%  vertical  reinforcement  and  no  horizontal  reinforcement. 

There  is  obtained 

E^  =  2.6  X  W  lb.  per  sq.  in. 

E^  =  2.0  X  10'  lb.  per  sq.  in. 

2  2 

and  since  the  dam  is  segmental,  replace   E^^   by  -   jE'q,   i.  e.,  by    -    X 

2.0X10^and 


*  =  ^X200xJi,X       '-"Xl"' 


6  N   12         2 

-  X  2.0  X  10" 
o 

=  13.5  say. 

Now  suppose  that  the  crest  width  of  the  dam  is  4  ft.  6  in.  and  its  depth 
202  ft.  6  in.  (corresponding  to  a  dam  about  200  ft.  deep).  Since  the 
batter  is  1  in  6,  the  origin  is  at  a  height  6  X  4.5  =  27  ft.  above  the 
crest.    At  crest  level  z  =  Zq  =  27  ft.  and 

z  =  k  X  =^  I'd.o  X 

27 
hence  Xp  =  — —  =  2.0 

At  the  base,  z  =  Zj  =  27  +  202.5  =  229.5  ft.,  and  therefore 

229.5 

X,  = =  1  / .  0 

^         13.5 

and  the  tabular  values  to  be  used  are  those  corresponding  to  a;  =  2  at 
the  crest,  and  to  a;  =  17  at  the  base. 

The  range  covered  by  the  tables  will  be  found  sufficient  for  most 
practical  purposes.  If  it  is  desired  to  go  beyond  the  tables,  it  is 
suggested  that  the  semiconvergent  expressions  be  used  in  preference 
to  the  series,  which  become  unmanageable  at  about  x  =  30. 

Proposed  Method  of  Design,  Using  Michell's  Functions. 

It  is  suggested  that  as  a  convenient  method  of  design  the  following 
procedure  be  adopted: 

1. — Determine  the  maximum  flood  height  above  the  crest  of  the 
dam  =  h  say. 
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2. — Assume  that  the  pressure  at  any  depth  d  below  the  crest  is 
p  =  w  (d-{-h) 
where  w  =  62.5  lb.  per  sq.  ft.  per  foot  depth  (which  is  of  course  the 
same  as  the  weight  of  1  cu.  ft.  of  water). 
h  :=  height  of  flood  level  above  crest,  in  feet. 
d  =  depth  of  the  given  point  below  the  crest,  in  feet. 
I'his  will  give  pressures  near  the  crest  slightly  in  excess  of  the  actual 
pressures,  but  this  error  may  be  disregarded. 

3. — Fix  the  maximum  compressive  stress  (arch  thrust)  allowable 
in  the  material  =  K  lb.  per  sq.  ft.,  say  and  determine  the  correspond- 
ing thickness  of  the  dam  by  the  ordinary  cylinder  formula 

T  =  pB 

where  T  =  the  resultant  ring  thrust  per  foot  height. 

p  =  the  pressure  in  pounds  per  square  foot  as  given  above. 
R  =  the  radius  of  the  arch. 

The  smaller  B  is,  of  course,  the  smaller  T  will  be  and  the  more  effective 
the  arch  action.    If  t  is  the  thickness  of  the  arch  in  feet,  then 

T  =  Jc  t  =  p  R 

4. — Fix  the  minimvim  safe  thickness  at  the  crest  of  the  dam  in 
view  of  possible  injury  by  floating  timber  or  other  bodies,  say  t^  ft. 
Then,  if  the  thickness  is  to  vary  uniformly  from  t^  at  the  crest  to 
t^  ft.  at  the  base  in  the  depth  D. 

_   h  —  h 
'-       D 

5. — Decide  whether  the  base  of  the  dam  is  to  be  rigidly  built  into 
the  foundation  rock  by  means  of  steel  reinforcing  bars  sunk  well  into 
the  rock  below,  that  is,  encastree,  or  whether  the  base  is  to  be  simply 
supported  by  the  pressure  of  the  rock  downstream  against  the  down- 
stream face  of  the  dam.  The  former  method  will  ensure  a  watertight 
base  but  can  only  be  adopted  when  the  rock  is  quite  solid.  If  the  latter 
method  is  adopted,  observe  that  the  vertical  generators  of  the  cylinder 
will  deflect  downstream  under  the  water  pressure,  and  cause  the  base 
of  the  dam  to  lift  off  its  seat  on  the  upstream  side  causing  liability 
to  leakage  under  the  seat  which  must  be  provided  against  by  layers 
of  clay  and  sand  or  otherwise  according  to  judgment.    If  it  is  decided 
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that  the  base  shall  be  encastree,  the  conditions  to  be  satisfied  at  the 
base  are: 

(1),  the  radial  displacement  must  be  zero,  that  is,  w  =  0; 

(2),  the   generating   lines   of   the   cylinder   must   remain   fixed   in 

(7  n 
direction,  i.  e.,  —  =  0. 
d  X 

If  the  base  is  simply   supported,   the  bending  moment   at   the  base 
vanishes  and,  as  before,  the  radial  displacement  must  vanish,  that  is, 

(1)  u  =  0;  and  (2)  - — ^  =  0.      At    the    crest    the   boundary  conditions 

are  the  same  in  either  case,  namely  the  bending  moment  and  the  shear, 

both  of  which  are  due  to  the  action  of  the  material  above  the  section  or 

that  below  it,  must  vanish,  since  there  is  no  material  above  the  crest, 

that  is,  at  the  crest 

d^  u         d^  u 

d  x^         d  x'^ 

These  four  conditions  give  rise  to  four  equations  among  the  four 
arbitrary  constants  which  enter  into  the  solution.  When  these  four 
constants  are  determined  it  is  possible,  by  means  of  the  tables,  to 
find  the  displacement  and  consequently  the  arch  thrust  at  a  series  of 
points,  also  the  bending  moment,  the  shear  and,  if  necessary,  the 
deflection,  although  this  is  of  no  interest  to  us  except  at  the  base  of 
the  dam.  Wlien  the  bending  moments  have  been  determined  at  the 
points  corresponding  to  the  integral  values  of  x  given  in  the  tables, 
a  smooth  curve  can  be  drawn  through  these  points  to  give  nearly 
enough  the  bending  moment  at  any  point  of  the  dam.  The  necessary 
reinforcement  can  then  be  found  by  the  usual  rules. 

A  remarkable  feature  of  the  solution  is  the  smallness  of  the  result- 
ing bending  moment  compared  with  the  magnitude  of  the  four  com- 
ponent terms  which  contribute  to  it.  An  example  of  the  numerical 
calculations  is  given  in  Appendix  3. 

6. — Determine  the  temperature  range  to  which  the  dam  will  be 
subject  and  estimate  as  nearly  as  practicable  the  amounts  by  which 
the  maximum  and  minimum  temperatures  vary  from  the  mean  tem- 
perature during  construction.  Let  e  =  the  coefficient  of  expansion 
of  the  concrete,  or  0.0000055  per  degree  Fahr.,  say  (about  |  in.  per 
chain  for  100°  Fahr.,  as  against  about  ^  in.  per  chain  for  100°  Fahr. 
for  steel).     For  satisfactory  construction  a  nickel-iron   alloy  having 


Papers.]  ARCHED  DAMS  385 

the  same  coefficient  of  expansion  as  concrete,  is  a  desideratum,  as  this 
would  minimize  the  internal  stresses  due  to  unequal  expansion  and 
contraction  of  the  iron  and  the  concrete.  Suppose  6  is  the  maximum 
difference  of  temperature  in  degrees  Fahr.  to  be  expected  from  the 
mean  temperature  observed  during  construction,  regarded  as  plus  if 
above  this  mean  and  minus  if  below  it.  As  before,  let  R  be  the  radius 
of  the  dam.  If  now  the  dam,  supposed  empty,  is  free  to  expand 
throughout,  the  displacement  at  any  point  will  be,  in  feet, 

V  =  —  e  6  B 
the  minus  sign  being  used  to  indicate  that  the  points  considered  move 
away  from  the  axis.     If,  after  this  expansion,  the  base  is  now  forcibly 
displaced   toward   the    axis    through    the    distance    v,    the   generators 

beins:  held  fixed  in  direction  ( -—  =  0  )  if  the  base  is  encastrde,  or  allowed 

*  \d  X         / 

to  deflect  so  that  the  bending  moment  vanishes  ( - — -„  =  0  )  if  the  base  is 


simply  supported.     In  either  case,  the  conditions  at  the  crest  are  that 
the  bending  moment  and  the  shear  both  vanish;  that  is, 

d^  u         d^  u 

dx^         dx^ 
If  these  four  conditions  are  satisfied  the  dam  is  clearly  in  the  same 
condition  as  if  the  base  had  been  fixed  while  the  temperature  rose  by 
the  amount  9- 

This  again  gives  rise  to  four  simultaneous  equations  for  four  new 
arbitrary  constants.  The  coefficients  on  the  left-hand  side  of  the 
equations  are  the  same  as  those  which  were  used  in  determining  the 
constants  for  the  water  pressure  equations,  so  that  the  labor  of  the 
solutions  is  lightened  in  this  case.  The  stresses  due  to  the  tempera- 
ture are  of  course  to  be  superposed  on  those  due  to  the  water  pressure. 
An  example  of  the  numerical  work  is  given  in  Appendix  4. 
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APPENDIX  I. 
INVESTIGATION  OF  STEESSES  IN  CYLINDERS 

Explanation  of  Symbols. 

Consider  the  origin  0  to  be  at  the  topwater  level  (flood  level)  of 
the  dam  in  cases  where  the  thickness  is  uniform  and  at  the  intersection 
of  the  upstream  and  downstream  faces  when  the  dam  is  of  triangular 
section,  and  consider  the  axis  of  Z  vertical  downward.     Let 

T  =  ring  thrust  per  unit  depth  at  any  point  P  at  depth  z  below 

the  origin,  reckoned  positive  when  compression ; 
F  =  the  resultant  traction  or  shearing  force  per  unit  length 
along  the  dam  at  P  exerted  by  the  material  above  P  on 
that   below    P,   reckoned   positive   when   this    traction    is 
exerted  toward  the  axis  of  the  cylinder ; 
M  =  the   couple   about   a    horizontal   tangent   at   P   per   unit 
length  of  the  dam,  reckoned  positive  when  the  bending 
tends   to   make  the  generators   of   the   cylinder   concave 
toward  its  axis. 
u  =  the  displacement,  along  the  radius,  of  a  point  P  on  the 
cylindrical   surface,   reckoned   positive   when   toward   the 
axis  of  the  cylinder.    (Strictly  speaking,  these  should  refer 
throughout  to  the  neutral  surface,  but  it  is   simpler   to 
deal  with  the  upstream  cylindrical  surface.     So  long  as 
the  dam  is  thin  the  error  is  not  worth  considering) ; 


d  M 
d  z 

d'^  u 


=   the  inclination  of  the  generator  to   the  vertical,  reckoned 

positive  when  the  lower  part  is  inclined  toward  the  axis; 

,    „   =  the  curvature  of  the  generator  at  P  after  strain,  reckoned 
d  z'' 

positive    when    the    concavity   is    toward  the  axis  of   the 
cylinder; 
t  =  the  thickness  of  the  dam  at  P; 

I  =  the  moment  of  inertia  of  a  horizontal  section  of  the  dam 
at  P,  of  unit  length  along  the  cylinder,  or  7  ^  xV  i^J 
Eq  =  Young's  Modulus  for  the  horizontal  direction.  If  p^  is 
the  ratio  of  the  area  of  horizontal  reinforcement  to  the 
area  of  the  concrete  in  a  vertical  section,  assuming  that 
Young's  Modulus  for  steel  is  15  times  as  great  as  for 
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ordinary   concrete  for   which   it   has   the  value  E,   then 
E,  =  E  (l  +  15p,); 
E^  =  Young's  Modulus  for  the  vertical  direction.     If  p^  is  the 
ratio  of  the  area  of  vertical  reinforcement  to  the  area  of 
concrete  in  a  horizontal  section,  then  as  above  E^  =  E 
(1  +  15P,); 
G^  =  the  rigidity  of  a  vertical  slab  of  unit  length  along  the 
dam ;  neglecting  the  change  of  curvature  in  the  horizontal 
plane,  C^  =  EJ=  ^^  E^  P; 
p  =  the  water  pressure  in  pounds  per  square  foot  at  P  =  w 
(d-\-h)  where  w  is  the  weight  of  1  cu.  ft.  of  water  =  62.5 
lb.,  d  the  depth  of  the  point  P  below  the  crest  of  the  dam 
and  h  the  flood  height ; 
R  =  the  radius  of  the  cylindrical  upstream  surface  of  the  dam ; 
c  =  the  tangent  of  the  angle  between  the  upstream  and  down- 
stream faces, 
a  =  a  factor  connecting  vertical  distances  with  the  arguments 
of  Michell's  functions  defined  by  Equations  (31)  and  (33) 
following : 


F+i)F 


M+6M 


DIAGRAM  OF  FORCES  ON 
AN   ELEMENT 
Fig.  3. 


SHEARING  FORCES  AND  COUPLES 
ON  AN   ELEMENT 


Fig.  4. 

Equations  of  Equilibrium 
Considering  the  equilibrium  of  a  small  curved  rectangular  element 
of  height  S  z  and  width  R  S  6,  there  is  obtained  (see  Figs.  3  and  4),  for 
the  forces 

(F-{-dF)RSQ  —  FRdQ  —  Tdzde+pRdQSz=^0 

and  for  the  couples 

{M-{-SM)Rd6  —  MRd6-\-FBdQdz  =  0 
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Hence,  dividing  out  hy  R  8  6  8  z 

dF        T 

d7-lf  +  ^  =  ° « 

clM 

li7  +  -^=» (^) 

and  for  the  equation  connecting  the  bending  moment  with  the  change 
of  curvature,  as  usual 

^='-■17 («) 

neglecting  the  bending  about   the  vertical  generators,   which  is  very 
small. 

Again,   the  equation   connecting   the   displacement   with   the   ring 
thrust  in  the  complete  cylinder  is 

T^^X^i (4) 

and  in  the  case  of  a  segmental  dam  (see  Appendix  II), 

=^=4-%-'^" ('> 

Eliminating  F  between  Equations  (1)  and  (2) 
iX^  M         T 

ii^  +  ii-" (^> 

Substituting  for  M  from  Equation  (3)  and  for  T  from  Equation  (4), 
for  the  case  of  the  complete  cylinder 

and  in  the  case  of  the  segmental  dam 

d74^'d^V+T-S'"  =  ^ '«' 

2 
Equations  (7)  and  (8)  are  identical  except  that  in  (  8)  the  value  —  Eq 

3 

is  used  instead  of  Eq\  that  is,  for  the  horizontal  stresses  a  modulus  equal 
to  two-thirds  of  the  ordinary  Young's  Modulus  is  applied. 

CASE  1. — Dam  of  Uniform  Thickness. 

For  the  case  of  a  dam  of  uniform  thickness,  t  is  constant,  so  that 

Equation  (7)  becomes 

d^u         E^  p_ 

d~?^  C,B-'''-  C, ^^^ 


Papers.]  ARCHED  DAMS  389 

or  calling 

Equation  (9)  may  be  written  in  the  form 

i^+""=i (i«) 

Now  if  p  involves  no  power  of  z  above  cubes  (in  this  case  p^w  z, 
so  that  it  only  involves  the  first  power  of  z),  the  particular  integral  of 
Equation  (10)  is 

p  p  E^       w  B^ 

jii    Cj         Eq  t         Eq  t 

ct    ti 
for  this  makes j  =  0  and,  therefore,  satisfies  Equation  (10). 

There  must  now  be  found  a  solution  of 

d*  u 

—-  +  jii*u  =  0 (12) 

involving  four  arbitrary  constants  (the  complementary  function). 
The  auxiliary  equation  is 

m*  +  //*  =  0 (13) 

from  which 

m^  =  ±  /<^  V  —  1  =  ±  i  yu^ 
hence 

/ M 

m  =^  ±  H  V    zh  i  =  rb  1  (1  ±  i) 

V  2 
the  four  roots  of  Equation  (18)  are  therefore 

V  2 

y  2 

»h=  +-7^(1-0 

V  2 

m^  = —  (1  —  I) 

V  2 
so  that 

mj*  =  tn^   =  Wig*  =  'jji/  =  —  //* (14) 
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The  complementary  function  is  therefore 

u  =  A"  e™i  ^  +  i^i  e"*2  ^  +  C^  e"*3 "  +  D^  6*^4  ^ (15) 

This  is  easily  verified  by  differentiating  Equation   (15)  four  times 

d*  u 

—^  =  mi*  A^  e^^i"  +  9)4*  B'  e™/  +  m^^  C  e"^/  +  m/  D^  e"^/ 

=  _  jii*  [^1  e™x^  +  B^  e"^/  +  C^  e"^/  +  D^  e™4^] 
=  —  /i*  X  w 
So  that 

fZ*M 


fZz* 


+  M*  »  =  0 


Since 


and 


e*  -J  2  =  COS.  — —  +  i  sm. 


V  2  V2 


/IXZ 

e    J  2  =  COS. ^  sin. 


V2  V2 

Now,  Equation  (15)  may  be  written 

-T^r,/  y"Z  y«z\  ./  /iZ  ..         y«zM 

w  =  e  -J  2  M^M  COS. h  i  sm. ]  -\-  G  {  cos. i  sin.  — - 

L       \  V2  \/2/  V  V2  \/2/J 

+  e-jl  [b^  (cos.  -^-isin.  ^)  ^-D^  /cos.  ^ +  isin.  4^)1 
L       V  V2  V2/  V  V2  N/2/-J 

=  e  ~JJ  \(A^  +  C^)  COS.  ^^  +  i  (A^—  C^)  sin.  ^^ 
L  V  2  V  2-1 

+  ^"  J^    (5^  +  i>i)  COS.  -^  —  i(B^  —  X>i)  sin.  ^- — 
L  V  2  V  2J 

or,  using  new  arbitrary  constants 

?t  =  e  J  2  M.  COS.  — iz  +  B  sin. +  e~4  2    C  cos. 1-  B  sin. ^ 

L  V  2  V  2-i  L         V  2  V  2J 

The  complete  solution  of  Equation  (10)  is  therefore 

u  =  — —  +  ej  2  ^  cos.  -—  +  B  sin.  --— 
J^o^  L  V2  V2J 

+  e-J  2    c  cos.  ^ H  i)  sin.  — -      (10) 

L  V  2  V  2  J 
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From  this  Equation  (16),  ii  p  =  w  (z -\-  h),  there  is  obtained 

d  z    ~       E^t 

+  ^— ej2  \{A  +  B)  COS.  -^  _  (^  _  B)  sin.  -^ 
V  2  L  V  2  V  2-' 

_  JL-  e  ''U  \{C  —  B)  COS.  -^  +  (C  +  D)  sin.  ^^1 
V  2  L  V  2  V  2-1 


(7.^?( 


-  =  //2  e  J  2  Lb  cos.  ^^ A  sm. 1: 

(^ «  L  V  2  V  2J 

—  /re   Nf  2    D  COS. C  sm.  — ~ 

L  /\/  2  /v/  2J 


^  (17) 


^  =  -  ^eil  [(^  -5)  COS.  ^^+^A  +  B)  sin.  ^^" 
^2  \/2L  V2  V2- 


V  2  V  2- 

—  -^  eJ  2^    ( J.  —  £)  COS.  ^^  +  (A  +  £)  sin. 

+  -^  e   J  2     (C  +  i))  COS.  ^^  _  (C  _  D)  sin.  ^^ 
V  2  L  V  2  V  2-1 

— -  =  —  /<*  eJ  2  M  COS.  -^-^  +  B  sin.  ^-^ 
f^  2  L  V  2  V  2J 

—  /I*  e   "J  2     C  COS.  ^ h  Z>  sin.  ^ — 

L  V  2  V  2-1 

Multiplying  both  sides  of  Equation  (16)  by  fx*  and  adding  to  Equation 
(17) 

d^u  ^pB""        p 

-d7^^'''  =  ''  ^  =  c; ('"> 

which  is  Equation  (10),  thus  verifying  Equations  (16)  and  (17). 

The  arbitrary  constants  A,  B,  C  and  D  are  determined  by  the  end 
conditions  at  the  crest  and  at  the  base  of  the  dam. 

Dam  Free  to  Slide  on  Base. 

As  an  example,  suppose  that  the  base  is  free  to  slide  on  the  founda- 
tions.    Then  at  the  crest  M  =  F  =  0;  that  is,  by  Equations  (3)  and  (4) 

d^  u         d^  u 


dz^         d  z^ 
and  also  at  the  base  M=^F  =  0. 


=  0 
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From  Equations  (2),  (3)  and  (17),  using  the  suffix  0  for  the  crest 
and  suffix  1  for  the  base,  there  is  found 

Now  2  =  0  at  the  crest  and  z  =  d  at  the  base.     Hence,  putting  z^^O 
in  the  second  and  third  of  Equations  (17)  and  equating  to  zero, 

B  —  D  =  0 

-  (J.  -  5)  +  (C  +  D)  =  0 

and,  using  the  conditions  at  the  base,  putting  z  ^=  d  in  the  same  pair  of 
Equations  (17) 

u.d  ^  iJ-d  ,  fid  -, 

-^  1.1   d  ,       ——-      .  Jil  d  ^     -— -:  JLl    d 

B  e<2  cos. —  A  e-J^  sm.  — :-  —  De   J  8  cos. 


V  2  V  2  V  2 

fid  -, 

+    Oe~Ja  sin.  - —  =  0 
V2 

.     ^(          /'^^     ,      •       ^'d\        ^     ~i          l^d  .       nd 

^  e  J  2  (  cos.  ;  +  sm.  — -- )  —  U  e  J  2  (  cos.  :::  —  sin. 


\/2  \/2/  V  V2  V2 

,Ce     J2    cos.-^ —  sin.^ — )  +  -De     J  2    cos. h  sm. =0 

^  V         \/2  vV  V         V2  V2/ 

Hence 

A  =  B  =  G  =  D  =  0 

and  the  solution  becomes  simply 

«  =  ^^^ (19) 

hence,  by  means  of  Equation  (4), 

W   t 

T  =  -^  Xu  =  to  Ez  =pR (20) 

si 

v/hich  is  the  ordinary  cylinder  formula. 

The  condition  which  must  be  satisfied  for  this  formula  to  be  ap- 
plicable is,  therefore,  that  the  dam  is  free  to  move,  or  slide,  on  its 
foundations. 

Dam  with  Base  Encastree. 

As  another  example,  suppose  that  the  base  is  fixed  and  encastree, 

then  at  the  base  the  conditions  to  be  satisfied  are 

d  u 

u  =  -~=  0 

d  z 
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In  this  case  it  will  simplify  the  work  to  take  the  origin  at  the  base 
and  the  axis  of  Z  vertical  upward. 

The  fundamental  Equation  (10)  is  then  unaltered  in  form,  but  the 
pressure  is  given  by 

p  =  w  {d  —  z) (21) 

The  solution,  Equation  (16),  remains  the  same  in  form  but  with 

p  as  given  in  Equation  (21)   and  hence  — —  =  —  w,   so  that  in  the 

first  of  Equations  (17)  the  sign  of  w  must  be  altered  from  +  to  — .    In 
order  to  determine  the  constants,  apply  the  conditions  that 

when  2  =  0,  it  =  -r—  =  0 

dz 

when  s  =  fZ,  If  =.  i^  =  0 

d}  u       d^  u 
Therefore  - — „  =  - — ;  =  0 

d  z^       d  z* 

Hence,  from  Equation  (16)  and  the  first  of  Equations  (17),  putting  z  =  0 

10  R^  d 


B„i+^  +  ^  =  «       ■     1 


..2 


'to  r  u 


E,t 


+  —=  [(^  +   5)  -  (G-  D)]  =  0 

V^  J 


}- (22) 

—  n 


For  the  crest  of  the  dam,  putting  z  ^  d  in  the  second  and  third  of  Equa- 
tions (17)  and  equating  to  zero  as  before 

IX  d  ^  fid  •,  iud  7^ 

"^i-Z    .        M  d  „       T~  /'  "  ^ :^     .         u  d  1 

—  A  e  ^  2  sm.  -f  ij  e   >J  a  cos. +  (7  e     n1  3  sm.  — — 

1/2  V   2  V  2 

fid  -, 

—  D  e     J  2  cos.  — ^  =  0 
V  2 

—  /  nd     ^      .       /ii  d\        ^     ^  /  M  d  .       M  d      ^^ 

A  e  ^  2  I  COS.  — zz.  +  sni.  — ^\  —  Be  ^"2  /  cos.  — z:^  —  sin. — —  K23) 
V'2  1/2/         .  \  V  2  V  ^ 

^    ->t±  I         ,.id        .      nd 
+  Ge     J  2 /cos. — -_sm.  — ^ 

\         i/  2  V^ 

-  '^—zi  I         fJ-d         .     i-i  d 
+  De      j8    COS.— -^  +  sm.— — 

\         V  2  V2 


Since 


E^        i"  B 


V  2       V  tB\     ^i 
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Suppose,  for  simplicity,  E^  ^  E^\,  then 

ju  3i  1.3 


V  2         V  tB       V  tli 


nearly. 


2  — IT 

In  most  ordinary  cases  e        Js  ,  can   be   neglected.      Dividing  the    two 

ti.  d  fju  d 

Equations  (23)  by  e]  ^"2  and  neglecting  e  ~     j^,  there  is  found 

/J.  d  fj.  d 

—  A  sin.     ,—    +  -B  cos.    /-—  =  0 

A     cos. -7^+  sin.  ^=    —  ^     COS.  ———sin.  -—=)=  0 
\         V  2   ^  V  2  I  \         V  2  V  2) 

So  that 

A  =  B  =  0 

Hence,  from  Equation  (22) 

wB'^  d 

wB^(\/'^ 

D  =  -—- d 

E^t\    M 


The  solution  of  Equation  (10)  then  becomes,  using  Equation  (21), 

d  cos.    /—  +  I  f^ 


wB'  10  B-    --^ 


E^t  Ent 


In  order  to  fix  the  meaning  of  these  equations,  consider  a  cylindrical 
dam  18  ft.  in  diameter,  20  ft.  deep,  and  9  in.  thick.     In  this  case,  taking 

M  1.3  1.3         1 

V'2=VJ^9~^^~'^ 
very  nearly  and 


IV  B^[  -^-z  \         1  in 

^Ejl^"^-'^-'      '     ]c?cos._.  +(cZ-.)sin.-.[J 


(24) 


the  exponential  term  becomes  very  small  when  z  is  greater  than  4  ft. 
above  the  base,  and  this  portion  of  the  expression  may  therefore  be  neg- 
lected, thus  reducing  to 

"  =  ^^7(^-2) (25) 

from  which,  using  Equations  (4)  and  (21) 

T  =p  B. 
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So  that  the  ordinary  cyhnder  formula  becomes  applicable  within  quite 

/<   z 
a  moderate  distance  of  the  base,  and  similarly  in  any  case  when  — ^ 

V  2 
becomes  large. 

The  bending  moment  at  the  base  is  given  by  Equation  (3)  and  the 

second  of  Equations  (17).     Thus,  observing  that  3  =  0  and  using  the 

values  of  constants  just  determined, 

=  ^E,t^X  M^  (B  —  D) 


1   „    ,         „      wB^    V  '2^         \ 

=  —  -E.t^X  u^X—~[ —d] 

12  E^,t  \   M  / 


to    /^2 


M 


M 


=  ^U-^) (26) 

In  the  case  considered  above,  /tc^  =  —  and  M  ^  2  iv  (  d  —  2)^2X 

62.5  X  18  =  2250  ft.  lb.  per  foot  width. 

If  instead  of  a  dam  in  which  the  water  pressure  is  applied  outside, 
the  case  of  a  tank  is  considered,  the  sign  of  p  is  changed.  This  case  may 
be  dealt  with  by  changing  the  sign  of  w,  which  will  then  change  the 
arch  thrust  into  a  tension  and  change  the  sign  of  the  bending  moment, 
and  also  of  course  change  the  sign  of  u. 

Case  2.— Arched  Dams  of  Wedge  Shaped  Section. 

In  treating  the  case  of  arched  dams  with  wedge  shaped  sections 
in  which  the  thickness  is  finite  at  the  crest  and  increases  uniformly 
with  the  depth,  take  the  origin  at  the  intersection  of  the  upstream 
and  downstream  faces  and  measure  z  vertically  downward.    Let 

i  =  c  z (27) 

If  l^  is  the  distance  of  the  water  surface  below  the  origin, 

p  =  w  (z  —  l,) (28) 
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where  w  is  the  pressure  in  pounds  per  square  foot  per  foot  in  depth,  or 
the  weight  of  1  cu.  ft.  of  water,  62.5  lb.    Then 

Substituting  in  Equation  (7) 
or  dividing  by  —  E^  c^ 


Let 

3=aa; (.31) 


Substituting  in  Equation  (30)  and  multiplying  by  a 

1—2  (  ^   T-2      +  12  — "  X  ^^^  X  a;  H  =  — ^ (32) 

(I  x^  \      d  x^  J  E^       c^  E^  E^  r  ^ 

If  V  =  a  Zj,  the  right  hand  side   of  Equation  (32)  becomes,  using 

Equation  (28) 

12  ^0  a^  (-^  _  ^/^ 

E^^ 

Now,  suppose  that  a  is  chosen  so  that 

E„         a'^ 

i^¥:x?ip=i (^■''> 

Then  Equation  (32)  becomes 

^("V¥0+"'^  =  :^^-"-'^ ^''^ 

which  is  the  fundamental  equation  on  which  the  solution  is  based. 
A  particular  integral  of  Equation  (34)  is  of  the  form 

ic  =  A^ (35) 

X 

for  this  gives 

u  X  =  A  X  -\-  B 

and 

dit  __         B 
d  X  x? 


rZ2  u  _        2  5 
d  x^  0? 
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x" 


dx2 


2B 


dx\     a  x^ 
d  x^  \     d  x^ 


Substituting  in  Equation  (34) 


Ax  -{-  B  =  — —  (X  —  V) 


Hence 


A  = 


5  = 


so  that  a  particular  integral  of  Equation  (34)  is 

to  B'  /,         V 

u  ■=  -— —  1 1  —  — 

_E7„  c  V  X 


(36) 


A  general  solution  (the  complementary  function)  of  the  Equation 


d^ 


d^u 


-|-  a;  It  =  0 

-  \        U  X'/  0 

may  be  stated,  as  follows : 

Solution  in  Series — Michell's  Functions. 
The  four  solutions  of  Equation  (37)  in  series  form  are 


(37) 


3a;2 


;i  + 


5  X* 


(lif    '    (ID' 

"^        3  .  x^ 

J 


"'^H(ii7~  (11)^^(11)^  "■■■■] 

U3  =  n^  (log.  X  +  2)  +  1^1 


X2  X" 

+ 


i\ir     (li)' 
r      3  x^         5  X*  1 

I       (ID'    -'^(li)'    '  J 


"4  =  —  2  "2  ^°S-  ^  +  ^  — 


+ 


(ID'      (ID 


+  4 


1  .  X 
-(11? 


2  .x'^ 

(Ii7 


>s,  + 


] 


(38) 
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Sn  = 

1            1 
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and 

\n   =1X2X3X  ....  n 
This  can  be  verified  by  differentiation  of  each  series  in  Equation  (38). 
These  will  be  called  Michell's  functions. 

Solution  in  Complex  Bessel  Functions, 
A  solution  of  Equation  (37)  may  also  be  obtained  as  follows: 
Let 

^4    +    (4  .,)2  ^  0  s 


, r (39) 

C  =  ±  V  2  X  (1  d=  t)  ) 
Then  a  solution  of  Equation  (37)  is 

y^-^\jAO (40) 

where  J^  is  a  Bessel's  function  of  the  first  order,  defined  by  Bessel's 
Equation 

^+--^^+  (1-7-2  )^«  =  0 (41) 


with  n  =:  1,  This  can  also  be  verified  by  differentiating  Equation  (40) 
and  using  Equations  (39)  and  (41).  The  four  values  of  ^  give  rise  to 
four  different  solutions  of  Equation  (37). 

Connection  Between  Michell's  and  Bessel's  Functions. 

By  comparison  of  the  known  series  for  Bessel's  functions  with  the 
series  given  above  for  Michell's  functions, 

w,  =  i- 7,(0  +  ^/^(0 

«3  =  -  2  (log.  2  -  1)  u,  -  ^  u,  +  2  [^i-  2-,  (0  +  1  r,  (C)] 

n,=  —-^u,  +  (log.  2)u,-2i     -^  r,  (C)  -  -^  2",  (C)] 
where 

^  =  V^  (1  +  0 

Z'  =fsj^  (1  —i) 


W42) 
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and  2'^!*  is  the  usual  second  solution  of  Bessel's  Equation  for  n  =  1. 
Equations  (38)  and  (42)  are  of  course  convertible  one  from  the  other. 

The  complete  solution  of  Equation  (34)  is 

M  =  '^  (i^JL)  ^  Au,+  B  u.,  +  Ct<3  +  D  u, (43) 

where  A,  B,  C,  D  are  the  four  arbitrary  constants  which  are  to  be 
determined  by  the  boundary  conditions  at  the  crest  and  at  the  base, 
exactly  as  in  Case  1. 

Tables  of  Michell's  Functions. 
In  order  to  facilitate  calculation,  tables  of  Michell's  functions  have 
been  prepared,  giving  u^,  u^,  u.^,  u^  and  their  first  three  derivatives  for 
all  integral  values  of  x  from  1  to  30.  Attention  is  drawn  to  the  fact 
that  the  values  of  x  are  not  actual  heights,  but  are  merely  numbers 
connected  with  the  height  by  the  relation  z=^ax,  where  a  is  given  by 
Equation  (33),  namely, 

Eor  example,  if 

El  =  Eq 
_    1 

B  =  150 
1  \'         1 

a  —  =  7.2  =  —  about, 

2  \/3  ^ 

and  the  values  of  x  are  about   —  of  the  actual  vertical  height,  so  that 

36 

for  a  dam  of  these  proportions  180  ft.  high  the  value  of  x  is  25. 

The  tables  have  been  calculated  direct  from  the  Equation    (42). 

For  values  of  x  above  10,  this  work  is  troublesome  on  account  of  the 

large  number  of  terms   which  must  be  included — and   for   values   of 

X  above  20  the  tables  cannot  be  relied  upon  for  more  than  about  four 


Then 


*  There  is  an  error  in  Gray  and  Matthews  expression  for  Y^.    The  sign  of  the  last  term 
should  be  +,  not  —  as  given.    The  correct   expression  is  given  in  Jahnke  and 
Emde's  Tables. 


(^"^,) 
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TABLE  1. — Michell's  Functions. 


du\ 

d2  Ml 

ds  Ml 

X 

Ml 

dx 

d  X- 

da;3 

0.0 

-- 

1.000  000  00 

0.000  000  00 

—  0.166  666  67 

0.000  000  00 

0.5 

0.979  188  37 

—  0.083  159,  77 

—  0.165  625  52 

+  0.004  162  54 

1.0 

"~ 

0.917  013  61 

—  0.165  279  43 

—  0.162  508  27 

+  0.008  800  28 

1.5 

0.814  254  68 

—  0.245  325  05 

—  0.157  333  48 

+  0.012  888  56 

2 

+ 

0.672  204  62 

—  0.322  275  06 

—  0.150  132  03 

+0.016  402  85 

3 

+ 

0.277  924  57 

-  0.462  900  59 

—  0.129  833  52 

+  0.024  112  71 

4 

0.245  568  72 

—  0.579  461  96 

—  0.102  100  76 

+  0.031  240  37 

5 

— 

0.870  598  64 

-  0.664  846  63 

—  0.067  607  44 

+  0.037  604  44 

6 

_ 

1.562  742  75 

—  0.712  704  78 

—  0.027  203  48 

-1-0.043  034  32 

7 



2.281  681  64 

—  0.717  619  62 

+  0.018  097  18 

+0.047  372  63 

8 

— 

2.982  211  69 

—  0.675  264  69 

-^-  0.067  1.30  53 

+0.050  477  59 

9 



3.615  407  80 

—  0.582  546  36 

+  0.118  599  70 

+0.052  225  29 

10 

— 

4.129  918  85 

—  0.437  722  61 

+0.171  093  76 

+  0.052  511  72 

11 



4.473  374  86 

—  0.240  516  84 

+  0.223  108  43 

+0.051  254  73 

12 



4.593  893  87 

+  0.007  810  04 

+0.273  068  90 

+0.048  395  59 

13 

— 

4.441  650  25 

+  0.304  396  08 

+0.319  354  00 

+  0.043  900  50 

14 

— 

3.970  495  65 

+  0.644  745  53 

+  0.360  821  76 

+0.087  761  84 

15 

— 

3.139  599  09 

+  1.022  721  39 

+0.394  885  93 

+  0.029  999  04 

16 



1.915  079  57 

+  1.430  564  76 
4-1.858  942  21 

+  0.419  793  88 

+  0.020  659  31 

17 

— 

0.271  608  29 

+0.435  153  K5 

+  0.009  818  12 

18 

_- 

1.806  054  11 

+  2.297  021  19 

+  0.438  963  88 

—0.002  420  86 

19 

-- 

4.321  605  72 

+2.732  573  71 

+0.429  889  85 

—  O.Oln  925  78 

20 

-- 

7.265  874  30 

+  3.152  108  15 

+0.406  743  22 

—  0.080  537  14 

21 

+ 

10.615  627  17 

+  3.. 541  028  62 

+  0.368  EOS  53 

—  0.046  068  67 

22 

+  14.332  564  33 

+  3.883  821  38 

+  0.314  369  58 

—  0.062  308  22 

23 

+ 

18.362  491  81 

+  4.164  266  66 
+4.365  674  43 

+  0.243  734  64 

—  0.079  019  39 

24 

+ 

22.634  7.50  91 

+  0.156  259  75 

—  0.095  943  11 

25 

+ 

27.061  858  63 

+  4.471  144  92 

+  0.051  870  58 

—  0.112  799  69 

26 

+ 

31.539  446  51 

- 

-  4.463  845  83 

—  0.069  218  03 

—  0.129  290  98 

27 

+ 

35.946  464  68 

- 

-  4.827  312  54 

—  0.206  485  17 

—  0.145  103  20 

28 

+ 

40.145  720  43 

- 

-4.045  759  93 

-  0.359  089  25 

—  0.159  909  51 

29 

+ 

43.984  701  53 

-  3.604  409  37 

-  0.525  856  73 

—  0.173  373  28 

30 

+ 

47.296  773  74 

-2.989  826  06 

—  0.705  273  93 

—  0.185  151  34 
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TABLE  1. — Michell's  Functions   {Continued). 


d  Mo 

d-  U2 

dSMo 

X 

Wa 

dx 

dx^ 

dx8 

0 

0.000  000  00 

4- 

1.000  000  00 

0.000  000  00 

—  0.083  333  33 

0.5 

+  0.498  3(34  61 

4- 

0.989  590  56 

— 

0.041  608  81 

—  0.082  986  24 

1.0 

+  0.986  134  25 
4-  1.453  300  61 

4- 

0.958  449  00 

— 

0.082  870  78 

—  0.081  946  51 

1.5 

+ 

0.906  835  16 

— 

0.123  440  64 

—  0.0.80  218  78 

3 

+  I .889  628  37 

+ 

0.835  180  77 

_ 

0.162  976  19 

-  0.077  810  79 

3 

+  2.630  603  51 

4- 

0.634  .324  87 

— 

0.337  600  21 

—  0.071  000  18 

4 

4-  3.134  653  96 

+ 

0.363  681  67 



0..304  125  19 

-  0.061  637  08 

5 

-H  3.335  460  91 

+ 

0.029  600  16 

— 

0.360  079  53 

-  0.049  890  94 

6 

4  3.177  260  17 

_ 

0.3.53  101  40 



0.403  183  80 

-  0.035  976  37 

7 

+  2.617  117  84 



0.771  799  91 

— 

0.431  394  77 

—  0.020  150  68 

8 

-1-  1.626  970  39 

— 

1.310  AU  47 

— 

0.442  946  81 

—  0.(103  711  11 

9 

+  0.195  386  64 

— 

1.651  053  30 

— 

0.436  389  88 

4-0.016  008  77 

10 

—  1.670  984  70 

— 

3.076  797  10 

— 

0.410  634  26 

4-  0.035  642  75 

11 

—  3.946  317  94 

2.466  254  73 

_ 

0..364  930  94 

4-  O.055  796  29 

12 

—  6.584  8^3  70 



3.799  907  .55 



0.298  997  71 

-\-   0.076  051  10 

13 

—  9.520  788  54 



3.U57  537  21 



0.313  940  47 

4-0.095  970  28 

14 

—  13.667  991  09 



3.219  262  07 



0.107  3i9  11 

-1-  0.115  103  45 
+  0.133  992  51 

15 

—  15.920  965  31 

— 

3.265  987  15 

4- 

0.016  851  73 

16 

—  19.155  668  04 

_ 

3.179  S61  76 

4- 

0.158  097  74 

-H  0.149  177  36 

17 

—  22.230  999  12 



3.944  739  20 

4 

0.314  485  97 

-f  0.163  201  55 

18 

—  24.990  784  34 



2.546  633  30 

+  0.483  631  83 

4-0.174  619  36 

19 

—  27.266  1U8  15 



1.974  159  47 

+ 

0.663  713  11 

4-  1.183  000  57 

20 

-  28.878  160  46 

— 

1.318  973  04 

+ 

0.818  4t4  67 

4-  0.187  938  11 

21 

—  29.641  471  50 

_ 

0.276  167  16 

+ 

1.037  313  73 

4-  0.189  053  13 

22 

—  29.367  5J6  82 

4- 

0.855  344  59 

+ 

1.235  201  64 

-f  0.186  001  69 

23 

—  27.868  859  01 

4- 

2.172  484  82 

+ 

1.407  836  06 

4-0.178  480  .55 

24 

—  24.963  161  96 

t 

3.667  711  54 

4- 

1.580  586  63 

4-  0  166  332  86 

25 

—  20.478  106  07 

5.338  760  15 

+ 

1.738  647  89 

4-  0.149  053  83 

26 

—  14.2.56  042  31 

+ 

7.13S  439  21 

4- 

1.877  000  43 

4-0.136  795  76 

27 

—  6.1.59  046  69 

4- 

9.074  483  33 

+ 

1.990  517  00 

-1-0.099  373  07 

28 

+  3  915  9.^9  04 

+ 

11.109  468  21 

4- 

3.074  017  81 

-1-  0.066  766  59 

29 

4  16.083  060  19 

-1- 

13.210  791  30 

4-  2.122  338  41 

-h  0.039  027  64 

30 

+  30.357  139  10 

4- 

15.340  724  50 

4-2.130  402  95 

—  0.013  718  64 
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TABLE  1. — Michell's  Functions   (Continued). 


dus 

d2«,s 

dSMs 

X 

Ms 

dx 

dx-^ 

dx3 

0 

—  oo 

+    =0 

00 

+  00 

0.5 

+ 

0.349  004  77 

+ 

2.126  719  09 

— 

4.144  436  91 

+ 

15.658  444  26 

1.0 

+ 

1.110  290  19 

+ 

1.135  953  82 

— 

1.035  186  21 

+ 

1.822  719  02 

1.5 

+ 

1.576  001  25 

+ 

0.765  643  46 

— 

0.5.52  622  35 

+ 

0.470  733  17 

2 

+ 

1.897  286  64 

f 

0.531  027  16 



0.411  210  41 

+ 

0.157  286  94 

3 

+ 

3.239  378  55 

-r 

0.163  238  20 

— 

0.346  617  64 

+ 

0.015  074  63 

4 

+ 

2.230  395  63 

0.181  058  30 

— 

0.345  095  73 

0.004  824  19 

5 

+ 

1.876  Oil  40 

— 

0.528  316  17 

— 

0.348  718  95 

— 

0.000  476  59 

6 

+ 

1.173  657  67 

_ 

0.875  537  05 

_ 

0.343  705  73 

+ 

0.011  201  13 

7 

+ 

0.128  715  35 

— 

1.211  303  06 

— 

0.325  409  68 

+ 

0.025  675  90 

8 

1.240  371  91 

— 

1.521  304  00 

— 

0.291  993  12 

-4- 

0.041  256  34 

9 



2.900  136  83 



1.790  039  50 



0.242  819  28 

-- 

0.057  079  05 

10 

— 

4.801  410  45 

— 

2.001  704  52 

— 

0.177  949  01 

— 

0.072  563  34 

IJ 

_ 

6.879  371  71 

_ 

2.140  883  83 

__ 

0.097  962  53 

+ 

0.087  238  49 

1-i 



9.054  118  78 

— 

2.193  937  27 



0.003  882  53 

+ 

0.100  682  94 

n 



11.231  692  52 



2.144  423  19 

+ 

0.102  861  84 

+ 

0.112  503  49 

14 



13.305  497  46 



1.983  582  03 

+ 

0.220  459  24 

+ 

0.122  329  02 

15 

— 

15.158  119  16 

— 

1.700  607  20 

+ 

0.346  738  07 

+ 

0.129  810  42 

16 

_ 

16.663  486  32 



1.288  044  38 

+  0.479  190  22 

+ 

0.134  623  04 

17 

— 

17.689  383  31 



0.741  105  97 

+ 

0.614  995  85 

+ 

0.136  470  94 

18 



18.100  261  75 

— 

0.057  965  33 

+ 

0.751  055  63 

+ 

0.135  090  38 

19 

— 

17.760  342  35 

+ 

0.759  977  28 

+ 

0.884  034  64 

+ 

0.130  253  90 

20 

— 

16.536  949  62 

+ 

1.707  871  62 

+ 

1.010  351  55 

+ 

0.121  779  09 

21 

_ 

14.304  071  56 

+ 

2.777  229  12 

+ 

1.126  322  11 

+ 

0.109  522  89 

22 



1(1.946  049  13 

+ 

3.955  787  69 

+ 

1.228  106  47 

+ 

0.093  395  61 

23 



6.361  430  31 

+ 

5.227  415  57 

+ 

1.311  809  78 

+ 

0.073  358  90 

24 

0.466  832  30 

+ 

6.572  076  93 

+ 

1.373  526  39 

+ 

0.049  430  10 

25 

+ 

6.799  134  31 

+ 

7.965  851  35 

+ 

1.409  397  20 

+ 

0.021  684  77 

26 

+ 

15  472  035  19 

4- 

9.381  002  59 

+ 

1.415  668  81 

_ 

0.009  740  74 

27 

+ 

25.557  832  98 

_- 

10.786  124  32 

+ 

1.388  754  59 



0.044  648  47 

28 

+ 

37.029  338  23 

-- 

13.146  337  15 

+ 

1.325  297  95 



0.082  776  97 

29 

+  49,822  839  52 

13.423  513  56 

t 

1.222  235  05 



0.133  801  40 

30 

-j-  63.835  054  69 

+ 

14.576  687  67 

1.076  858  96 

— 

0.167  333  26 

Papers.] 


ARCHED  DAMS 


403 


TABLE  1. — Michell's  Functions   {Continued). 


d  M4 

d2U4, 

d'iU4, 

X 

M4 

d  X 

dx2 

dx» 

0 

+  °C 

—  00 

+  QO 

XI 

0.5 

+ 

2.794  287  19 

— 

2.925  680  85 

+  14.921  407  33 

— 

94.114  880  95 

1.0 

+ 

2,222  855  68 

— 

0.824  390  60 

+ 

1.372  518  26 

— 

5.584  067  47 

1.5 

+ 

2.155  654  02 

— 

0.044  932  10 

+ 

0.094  914  87 

— 

1.027  358  73 

2 

+ 

2.129  261  86 

_ 

0.083  876  56 

_ 

0.192  562  13 

_ 

0.298  945  42 

3 

+ 

1.917  207  03 

— 

0.360  304  18 



0.320  973  68 



0.042  036  12 

4 

+ 

1.392  154  36 

— 

0.691  902  35 



0.334  432  07 

+ 

0.006  357  67 

5 

+ 

0.535  173  75 

— 

1.018  939  64 

— 

0.315  865  84 

+ 

0.029  250  11 

6 

_ 

0.636  048  21 



1.317  101  62 



0.277  489  98 

+ 

0.047  099  60 

7 



2.083  355  94 

— 

1.568  297  44 

— 

0.222  211  95 

0.063  242  81 

8 



3.751  582  58 

— 

1.756  353  31 

— 

0.151  418  05 

0.078  128  62 

9 



5.570  043  42 

— 

1.866  399  35 

— 

0.066  431  09 

_- 

0.091  581  37 

10 

— 

7.453  883  62 

- 

1.885  010  29 

+ 

0.031  159  51 

— 

0,103  278  11 

11 

9.305  673  20 

_ 

1.800  518  82 

4 

0.139  423  62 

+ 

0.112  870  86 

12 



11.017  337  84 



1.603  359  64 

+ 

0.256  087  58 

+ 

0.120  023  73 

13 



12.472  430  03 



1.286  405  96 

+ 

0.378  554  21 

+ 

0.124  427  11 

14 



13.548  725  43 



0.845  277  40 

+ 

0.503  933  06 

+ 

0.125  805  31 

15 

— 

14.121  105  43 

0.278  625  73 

+ 

0.629  076  96 

+ 

0.123  921  27 

16 

14.064  708  02 

+ 

0.411  679  21 

-i- 

0.750  623  21 

+ 

0.118  581  57 

17 



13.258  279  78 

+ 

1.220  255  18 

+ 

0.865  038  76 

+ 

0.109  639  66 

18 



11.587  713  13 

+ 

2.138  162  36 

+ 

0.968  669  32 

+ 

0.097  000  02 

19 



8.949  685  37 

4- 

3.152  758  15 

+ 

1.057  791  69 

+ 

0.080  620  83 

20 

— 

5.255  386  92 

+ 

4.247  663  57 

+ 

1.128  668  90 

+ 

0.060  516  98 

•21 

_ 

0.4.34  246  91 

+ 

5.402  781  86 

+ 

1.177  608  08 

+ 

0.036  762  19 

22 

+ 

5.562  370  74 

+ 

6.594  369  44 

+ 

1.201  020  39 

+ 

0.009  490  77 

23 

+ 

12.757  600  27 

+ 

7.795  169  95 

+ 

1.195  482  01 

0.021  101  15 

24 

+ 

21.14.'i  624  79 

+ 

8.974  613  93 

+ 

1.157  796  86 

— 

0.054  754  82 

25 

+ 

30.688  529  39 

+ 

10.099  074  80 

+ 

1.085  058  24 

— 

0.091  149  31 

26 

+ 

41.313  351  99 

+ 

11.132  189  61 

- 

0.974  711  76 



0.129  901  64 

27 

52.909  577  44 

+ 

12.035  243  78 

-- 

0.824  616  45 

— 

0.170  568  24 

28 

__ 

65.343  611  83 

+ 

12.767  789  77 

0.633  097  76 

— 

0.212  646  48 

29 

__ 

78.373  901  86 

+ 

13.287  260  53 

-- 

0.399  037  69 

— 

0.255  579  30 

30 

-- 

91.816  273  29 

+ 

13.551  308  17 

-- 

0.121  864  48 

— 

0.298  753  96 
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decimal  places.  In  case  it  should  be  desired  to  use  the  functions  for 
higher  values  than  those  given  in  the  tables,  it  has  been  thought 
advisable  to  give  the  semi-converging  expressions  for  Michell's  func- 
tions, as  follows.     Let* 

(4n2  — I2)(4n2_32) 

(4  n2  _  12)  (4  n^  _  ^2^  (^4  ^2  _  52^  (^4  ,^2  _rj2^ 
II  (8  0* 
_  4  n!"  —  1^       (4  n""  —  1')  (4  n'  —  3^)  (4  n^  —  5^) 
^'^  ~       8  ?  |£  (8  Zf 

and  putting  ;?,  =:  1,  there  results 

_  3X5  3  X  5  X  21  X  45 

'~      '^    II  (8  C)^  ""       11     (8  0* 


p   =1 .!^ ^ ^  4- 


^1  =  ^-       .WO.X3       + 


3         3  X  5  X  21 

8C  II  (8  O^ 

write  Z      =  \^Yx  (1  +  i) 

C     =  V^  (1  —i) 
P,    =  ^  _  i  B 
(?,   =  C  —  ID 
P^^  =  A  -\-  i  B 

Q/  =  C  +  i  D 

1 

^  =  1  +  0.009012  X  -^ 

1 

B  =^      +  0.029297  X  — 

X 


where 


and  call 


G  =  7:: — 7=    3  +  0.20508  X  — 
16  V  2x  \  X 

1         /  1 

D  =  7=    3  —  0.20508  X  — 

16  V  2x  V  X 

a  —  (sin.  V  2x  —  cos.  ^/  2x)  cosh.  V  2 

/?  =  (sin.  V2x  +  COS.  \/  2x)   sinh.  V2 

;k  =  (sin.  \/'2x  -\-  COS.  V  2  x)  cosh.  V  2 

5  =  (sin.  V  2  X  —  cos.  V  2x)  sinh.  V  2 


*  Gray    and     Matthews     "Treatise    on     Bessel    Functions",     p.     38.      (McMillan 
and  Co.,  London  and  New  York). 
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where,  as  usual,  the  hyperbolic  fimctious  are  defined  by 
cosh.  6  =  —  (e«  +  e-») 

sinh.  6  =  —  (e«  —  e'^) 
also  let 


H  =  Vv^2  +  1—  ^y^2  —  1  =  0.910181 

K  =  V  V  2  +  1  —  '^  V  2  —  1  =  2.197365 

Then  the  semi-convergent  expressions  for  Michell's  functions*  are 
from  the  expressions  for  J^  and  T^  in  Gray  and  Matthews,  by  substi- 
tuting C  =  V^  (1  +  0  and  C  =  /s/Jx  (1  —  i)m 

l"^r^  /(2H-fl);r         \    ,     ^      .       /(2n  +  l)7t         \1 


'(2  n  +  1) 


P„  sin. 


-^-)] 


4 
where  P,(  and  Q,i  have  the  values  given  above  and  y  is  Euler's  constant 

0.577215 while  log.  2  is  the  Naperian  logarithm  of  2  or  0.693147 

. . .  .,  so  that  (log.  2  —  y)  =  0.115931 

The  required  expressions  are 

u,  = -^ -,  [H(Aa-}-B  ^  +  Cr  —  I>S) 

2V7r(2a;)4 

-\-  K  (A  /3  —  B  a  —  c  8  —  D  r)] 

u,  =  -—^ J  [H{—A/3-\-Ba-^CS  +  Dr) 

W  7C  (2  x)i 

-^  K(Aa-\-  B  /3-{-  C  r  —  ^^)1 

It  SI    Tt 

2  (2  x)^ 
+  K{A8  ^B  y  -\-  G  ft  —  I)lx)-\ 


U3  =  2  (1  —  x)  Mx  —  Y  ^'2  +  ^  _  .3  [-ffC—  ^;'  +  ^^+<^«  +  ^^) 


W^  =  _  ^  Wj  +  ;.  w, ^^[^  (JL  5  +  i>'  r  +  C  /i  -  I>  «) 

•^  2  (2  xy 

-\-  K  (A  r  —  B  d  —  C  a  —  D  /5)} 
*  Gray  and  Matthews  "Bessel  Functions",  p.  40. 
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Connection  Between   Solution  for  Dams  for  Uniform   Thickness 
AND  Triangular  Sections. 

In  order  to  establish  the  connection  between  the  solution  in  the 
case  of  the  wedge  shaped  section  and  the  dam  of  constant  thickness, 
supiKJse  z,  and  therefore  also  x,  to  become  indefinitely  large  and  c 
indefinitely  small,  so  that 

i  =  C  Z  =  C  (Zq  +  z') 

Where  2'  is  very  small,  f  =  c  Zq,  approximately  constant. 
Then,  referring  to  Equations  (9),  (10),  and  (33), 

1^     n,    T-,2  ^'^ 


2  /■2  ^2  „  2 


G^R^  E^    e  R^       a^  t^       a^  z, 

-=— (^o  +  2')  =  -^(l  +  - 
a  a  a   \  Zn 


\/  2z^ 


hence 

^  V    2  ^z' 

«/'       VT 

\/~2 

in  which  is  a  constant,  so  that  a,  /j,  y,S  reduce  to  terms  of  the  form 

a  f.1 

H  z'  IX  z' 

cos.        —  ,  cosh.        ,-—  ®^^- 

that  is,  when  x  is  increased  indefinitely  and  c  decreased  indefinitely, 
so  as  to  keep  the  thickness  of  the  dam  constant,  Michell's  functions 
reduce  to  products  of  circular  and  hyperbolic  functions  and  the  solu- 
tion degenerates  into  the  form  of  Equation  (16). 
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APPENDIX  II. 

DETEEMINATION  OF  THE  ELASTIC  MODULUS  FOR  SEG- 
MENTAL DAMS  IN  TERMS  OF  YOUNG'S  MODULUS  E^ 
FOR  THE  MATERIAL  USED  IN  THE  DAMS. 

Let  A  C  B,  Fig.  5,  be  a  segment  of  a  cylinder  of  unit  height  and 
of  radius  R,  subject  to  a  uniform  compression  T  per  unit  area,  free 
from  bending  moment  and  held  so  that  the  abutments  A  and  B  are 
fixed  in  position  while  the  segment  can  slide  freely  on  its  base. 


DEFORMATION  Or  A    SEGMENTAL  DAM 
Fig.  5. 


If  -E'q  is  Young's  Modulus  for  the  material  and  /  the  elastic  com- 
pression, i.  e.,  the  ratio  of  the  contraction  in  length  to  the  original 
length  of  any  part,  then 


T  =  E,f. 


.(44) 


Then,  since  T  is  constant  throughout,  f  is  constant.  If,  after  deforma- 
tion, the  segment  takes  up  the  position  A  C  B  so  that  the  point  P 
goes  to  P'  and  C  to  C\  if 

u  =  the  normal  displacement  toward  the  axis  0 
V  =  the  tangential  displacement  in  the  direction  0  increases,  where 
6  is  the  angle  P  0  C,  C  being  the  middle  point  of  the  seg- 
ment, 
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then  „         1     /        d  V  \ 

^  =  ir(-j^+"j («> 

Now  by  hypothesis  /  is  constant,  hence  from  Equation  (45) 

d  V  ^ 

— ^  It  =  /  7?  =  constant (46) 

d  Q 

Assume 

M  =  M(j  —  ?(j  cos.  0 (47) 

which  corresponds  to  a  deformation  symmetrical  about  0   C.     From 
Equations  (46)  and  (47) 

'    (R  f  —  u)  di)  —       [{R  f  —  ((„)  —  «i  cos.  0  ]  cZ  6 

0  .'o 

=  {R  f  —  »o)  0  —  »i  sin.  6 (4S) 

When  6  =  0,  u  =  00'=  v,  say;  and  when  6  =  ±  a,  »  =  v  =  0  since 
A  and  B  are  fixed  poinls.     Hence,  from  Equations  (47)  and  (48) 

(7;^  /  —  ?fp)  a  —  Ttj  sin.  «  =  (»  ^ 

»o  +  »j  COS.  a  =  {)  ^ (49) 

Mp  +  »i  =  r  ) 
Solving  Equation  (49)  for  v 

R  f  a  (1  —  COS.  a) 

V  =  -T^ (50) 

sin.  a  —  a  cos.  a  ' 

When  a  is  small,  approximately 

sm.  a  =^  a ^  a 

II  6 

cos.  a  =  1  —  - —  =1 

|3  2 

Substituting  in  Equation  (.50) 

R  f  aX 


2_  _  ^ 
o^  ~  ~  "2 
3 


-    „  lif (51) 


which  is  independent  of  a  so  long  as  a  is  small.      When  a  =  -^  (so 

that  the  angle  A  O  B  is  120°)  the  coefficient  of  i?  /  is  1 .  528 instead 

of  1.5,  so  that  we  may  regard  Equation  (51)  as  practically  true  for  all 
ordinary  arched  dams. 
In  the  given  case 

T 
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from  Equation  (44),  hence, 

"  =  1-^^ <«^) 

Now,  if  a  complete  ring  of  radius  B  and  centre  0  and  of  Young's 
Modulus  Eq  be  subjected  to  the  same  stress  as  above,  then 
v^o  throughout,  and  consequently 

II, 


Hence, 

T=E,Xf  =  E,X^ 
so  that 

«  =  ^r (53) 

If  T^,  E^,  and  R  be  the  same  for  the  segment  as  for  the  com- 
plete ring,  then  the  displacement  of  the  middle  point  of  the  seg- 
ment is  50%  greater  than  the  displacement  of  any  point  on  the 
complete  ring;  that  is  to  say,  the  displacement  of  the  middle  point  of 
the  segment  is  the  same  as  it  would  be  if  the  segment  formed  part  of 
a  complete  cylinder  of  which  the  Young's  Modulus  had  a  value  two- 
thirds  of  that  which  it  actually  has  in  the  material. 

If  we  suppose  the  dam  divided  up  into  horizontal  layers  in  which  T 
varies  from  layer  to  layer,  and  if  we  suppose  that  these  layers  are  free 
to  slide  over  one  another;  that  is,  if  we  neglect  the  twist  of  the  sur- 
face due  to  the  base  being  fixed  and  the  displacements  not  being  con- 
stant at  all  points  of  the  arch  layers,  the  displacement  of  the  middle 
point  C  will  be  as  given  above,  and  we  can  obtain  the  solution  for  the 
segmental  dam  by  using  the  Modulus  §  E^^  instead  of  E^^  in  the  solution 
for  the  complete  cylinder. 
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APPENDIX  III 

NUMERICAL  EXAMPLE   OF  CALCULATION   OF   STRESSES 
IN  A  DAM  OF  TRIANGULAR  SECTION. 

In  the  case  of  the  Wooling  dam,  the  leading  dimensions,  Fig.   6, 
are  as  follows:  ,0 

Crest  width,  A  C 
Base, 


Height, 


2.20  ft. 
B  D  =.  4.40  ft. 
AB  =  3d  ft. 


So  that 


2.2 
"33~ 


1 
"15 


The  radius  of  the  arch  to  the  up-stream  face  is 
135  ft.     The  angle  of  the  sector  is  about  120°  at 

2 
crest  level,  so  that  E^  is  replaced  by  —  E  through- 
out. The  value  adopted  for  E^  was  2  600  000  lb. 
l^er  sq.  in.  and  that  for  E  was  2  000  000  lb.  per 
sq.  in.,  the  larger  value  being  adopted  for  the 
vertical  section  to  make  a  rough  allowance  for 

2     „ 
the    vertical  reinforcement    and    the   value  —  E 

being  used  to  allow  for  the  segmental  form.    Then 


=  c 

R 

\ 

n       E,  _ 

/l2   '    2 

11 
=  -7-  nearly 

0  A 

^= 

^, 

=  15  X  2.2 

=  33  ft. 

0  B 

= 

h 

=  15  X  4.4 

=  66  ft. 

1         3   ,, 
X  =    z  X-  =  —  X  z 
a         11 


z 

SECTION  OF  DAM  OF 
TRIANGULAR  SECTION, 
BASE  ENCASTREE 
Fig.  6. 


Hence,  corresponding  to  A,  x  =  l^'  —  9 

and  corresponding  to  B,  x^^l^'^lS 

2 
Remembering  that,  for  the  segmental  dam,  iJ,,  =  ^  E.  and  calling 


u  z=  u 


E,  c 


w  R' 


Ec 


A  ^  A' 


w  R^ 

E^c 


etc. 
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Equation  (43)  may  be  written 

V 
u'  =  A'  n^  +  B'  u^  +  C  u^  +  D'  u^  +  1 (54) 

From  which,  by  differentiation 

du'  ,,   du,         ^,  d^ty         ^,  dito        ^    du.  V 

=  A'  —^  +  B'  -~^  +  C  —^  ^  D'  --^  +  -^. . . .  (55) 
ax  d  X  d  X  d  X         x^ 

d'^u^  d'^u^  d'^u^  d^u^       2 1' 

d  x^  d  x^  d  x^  dx^         x^  ' "  ' 

^    d'^u,        ,    f^  !f,        ^   cZ^Mo       ^   d^u,       6  1' 

-^  -H  +^"  7  3  +  ^  -ri-^^'  ir^  +  -,....(57) 

u  ^  d  x^  d  x"^  dxr  dx'^         x* 

Case  1. — Dam  Full  to  Crest  Level— No  Temperature  Effect — 
Bottom  Encastree — Crest  Free. 
The  end  conditions  for  this  case  are,  observing  that  since  the  water 
is  at  crest  level,  V  =  ?/ 

at  cc  =  ?/  =  9 

d'^  u'       d^  u' 
d  x^        d  'jf 


d 

X 

d' 

u' 

d 

x' 

d' 

u' 

at  a;  =  Z/  =  1-'^ 

d  u' 


=  0 


d 

Equations  (54)  to  (57)  thus  give 
at  a;  =  Z/  =  9 

cZ^Hj  d'u,  d^u,  d'u,        2Z/ 

^    J^^        dx''^        dx'^        dx'  ~     x^ 
9  y  f) 

=  +  0.024  691  .... 


~       9'^ 

dx^  dx^  dx^  fZx^  X* 

ft  V  q 
=  _  -lA^  =  _  0.008  230  .... 


at  X  =  Z.,'  =  18 

I'  9 

A'u^  +  B'  »2  +  C'n3  +  D' «,  =  —!  +  —  =  — 1  +  — 


—  0.500  000 


dx^dx^         dx   ^         dx  x' 

=  _-^  =  —0.027  777  .... 
.  18^ 
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Substituting  from  the  tables  and  solving  according  to  the  tabular  form, 
Table  2. 

A'  =  +  58.583  319 

5' =  +15.522  356 

C"  =  +  12.685  282 

D'  =  _  44.117  258. 


Observing  that 


11 


Jf  =  Ci 


dUi' 

~d^ 


where  a  = — nearly,  the   bendinj?  moments  at  a:  =  9,10 18  can 

be  found.     Again,  observing  that  by  Equation  (48) 


rr.  2  t 


2    „       cz                 w  B^ 
—  EX-=^X  u'  X  ^ =  w  R^  X  2  u' 

-EC 


the  arch  thrust  at  a;  =  9,  10 18  can  be  found.    Diagrams  for  the 

thrust  and  bending  moment  are  given  in  Figs.  8  and  9. 

TABLE  4. — 33-FooT  Dam,  Base  Encastree,  Crest  Free — Displace- 
ments (u),  Thrusts  (T),  and  Bending  Moments  (M). 
%i  =  0.089  n' 
T  =  tv  a  R  xh'  =  31  000  x  u' 

,    ,  fZ^  u'  ,  d'^  u' 

M  =  w  a^  a^  -^-^  =  3080  a^ 


dx^ 


dx^ 


Eq^  -~  E,  where  E  is  Young's  Modulus  for  concrete 


d  =  depth  below  crest  level,  in  feet 


X 

z,  in  feet. 

d,  in  feet. 

M,  in  inches. 

T,  in  pounds 
per  foot  height. 

M.  in  foot  pounds 
per  foot  width. 

9 

33.0 

0 

0.188 

49  000 

0 

10 

36.6 

3.6 

0.166 

48  200 

—    1  900 

11 

40.3 

7.3 

0.143 

45  800 

-    5  500 

13 

44.0 

11.0 

0.118 

41  100 

—    7  500 

13 

47.6 

14.6 

0  093 

35  500 

—    4  000 

14 

51.3 

18.3 

0.068 

27  600 

-f    7  400 

15 

55.0 

22.0 

0.042 

18  700 

+  32  600 

16 

58.6 

25.6 

0.021 

9  900 

+  73  200 

17 

62.3 

29.3 

0.006 

2  900 

+  134  800 

18 

66.0 

33.0 

0.000 

0 

+220  900 
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NUMEEICAL  EXAMPLE  OF   CALCULATION   OF  TEMPERA- 
TURE  STRESSES,   BASE   ENCASTREE,   CREST   FREE. 

To  deal  with  this  case,  suppose  the  dam  empty  and  proceed  as  in 
Section  6,  under  the  heading  "Proposed  Method  of  Design,  Using 
Michell's  Functions".  Put  w;  =  o  in  Equation  (43),  which  then 
becomes  simply 

u  =  A  u^  +  B  u._, -\- C  u. -\- D  u^ (58) 

Let 

^^the  anticipated  rise  of  temperature  above  the  mean  tempera- 
ture during  the  construction  of  the  dam ; 

e  =  the  coefficient  of  expansion  of  the  concrete 

The  displacement  at  the  centre  is  v  towards  the  axis  of  the  cylinder, 
where 

v  =  eR6  (59) 

Equations  (54)  to  (57)  are  now  replaced,  when  a;  =  Z^  =  9,  by 
A  -^  +  B  -—^  -f  C  ^-^  +  B  -^  =  0 


A 


dx^ 


"^  d  x'* 


dx^ 

d^  n. 


+  D 


dx 


dx^ 


r^=0 


dx' 
and  when  x^=^  1^  =  18 

A  »j  +  B  ?(,  4-  C  u^  -i-nu^  =  v  =  eR'i 

j^^^b'^-^c^-^b'^'' 


0 


d  X  d  x     '         d  X     '         d  X 

or,  calling  A  ~-  e  R  6  ='  A",  etc.,  these  become 
when  a;  =  Zj^  =  9 

A"  -— t  -f  B"  —i  +  G"  —^  4-  B"  —^  =  0 
dx^  dx^  dx^  dx^ 

...d^u,       _    d^  u.,  d^  n.,  d^u. 

A"  -—^+B"—^+  G"  —^  -f  B"  —-i  =  0 
a  x^  d  x'^  d  X'*  d  x"^ 

when  X  =  Zo  =  18 

A"  1*1  +  B"  +  ?i2  +  (^"  "3  +  D"  u^  =  1 

'2 


.,    dn,        ^     du 
A"  ^r^  -j-B" 


d  X 


d  X 


G"  -— ^  +  B"  ---^  =  0 
dx  d  X 


(60) 
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The  coefficients  on  the  left-hand  side  of  Equation  (60)  are  the  same 
as  for  the  case  of  the  dam  full,  so  that  the  numerical  work  for  the  solu- 
tion is  confined  to  the  necessary  alteration  of  the  quantities  on  the 
right-hand  side.     Solving, 

4"  =  — 23.575  513 

5"  =  —    5.099  821 

C"  =  —    7.560  851 

7)"  =  +  19.048  045 

Observing  that  A  =  A"  X  e  R  6,  u  is  determined,  and  therefore  T 
and  M,  throughout  for  any  specified  temperature  range  6.  These  must 
be  superposed  on  the  former  results. 

For  the  bending  moments 


but  since 

z  = 

a  X 

C,= 

s^.''- 

t  = 

c  z 

a^  = 

1      ^     c^R-^ 
12  •    E,''  '' 

Therefore, 

M  = 

E^c^    3  fZ^w         E^ca^ 

c^R'  ~    d.r  ~       R^ 

Ef,e  e  ca-^    3  d'^u" 

where 


dx^ 
~         R         "      do-^' 
n"  =  A"  Ui  +  B"  u.^  +  C"  v(3  +  D"  n^ 


In  order  to  find  the  actual  displacements,  it  is  to  be  observed  that 
the  rise  of  temperature  0  was  supposed  to  have  caused  the  dam  to 
expand  freely  and  uniformly  throughout,  so  that  the  displacement  at 
all  points  was  v  =  —  e  B  6.  By  imagining  the  dam  forcibly  brought 
back  so  that  its  base  occupies  the  original  position,  by  making  w"  =  1 
at  all  points  of  the  base,  the  corresponding  displacements  u"  at  all 
points  of  the  dam  were  found.  It  is  these  which  must  be  used  for 
finding  the  stresses,  but  to  find  the  displacements,  deduct  1  from  u" 
at  all  points. 
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a 

to      q      to 

~     S-^     R"^     O-o 

"*     iC      **     0=      "*     14 

n, 
S 

+ 

o 

8 

o 

1  + 

rere 
COCO 

—  2.796  049 
+  2.225  510 
+  1.835  921 

—  1.265  383 

CO 

1 

o 

8 

o 

CO 

1  + 

COCO 

reo 

—  4.033  623 
+  2.094  110 
+1.345  446 
+  0.593  528 

^ 

1 

o 

CO 

1  + 

CO -J 

reo 

—  5.259  896 
+  1.861  083 
+  0.740  680 

+2.655  747 

= 

1 

o 

1  + 
rere 

CO  CO 

<i  to 

—  6.437  739 
+  1.524  835 
+  0.029  355 

+  4.677  968 

to 

1 

o 

2 

1  + 

00  00 
rere 

-  7.528  934 
+  1.085  958 

-  0.777  723 
+  7.210  718 

CO 

1 

o 
b 
en 

1  + 

oo 

si 

ooo 

-  8.494  770 
+  0.547  308 
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To  lind  the  thrust 


-£■(,  c  a 
i(  —  — ~ —  X  It  =  E^  6  e  c  a  X  X  u 


For  example,  if  9  =  20°  Fahr.,  e  =  0.000  005  5  7?  =  135,  then  e  7?  6 

2  1 

=  0.015  ft.,  say,  E^^  Q  e  c  a  =  —  (28,S  X  10^)  X  20  X  .000  005  5  X  — 

i>  15 

11 

X   —  =  5100,  say 

o 

£",.  fj  e  c  a^ 


R 


=  5160  X  ^  =  5100  X  f ^V  X  ~  =  514,  say 
7?  \  -W         13o  '      ■^ 


TABLE  6. — Temperature  Effect,  Base  Encastree,  Crest  Free, 

Dam  Empty. 


X 

z,  in  feet. 

d,  in  feet. 

u,  in  inches. 

T.  in  pounds 
per  foot  height. 

itf.  in  footpounds 
per  foot  width. 

9 

33.0 

0 

—  0.168 

3  150 

0 

10 

.36.6 

3.6 

—  0.143 

10  700 

-        300 

11 

40.3 

7.3 

—  0.118 

19  700 

-     1  600 

12 

44.0 

11.0 

—  0.093 

29  900 

—    5  000 

13 

47.6 

14.6 

—  0.069 

41  200 

-  11  300 

14 

51.3 

18.3 

—  0.048 

53  100 

-  21  700 

15 

55.0 

22.0 

—  0.029 

65  100 

—  37  400 

16 

58.6 

25.6 

—  0.013 

76  300 

-  59  600 

17 

62.3 

29.3 

—  0.004 

86  000 

—  89  400 

18 

66.0 

33.0 

-  0.00 

92  900 

—127  700 
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APPENDIX  V. 

DEFLECTIONS  IN  THE  WOOLING  DAM. 

The  deflection  observations  for  the  Wooling  Dam  were  some- 
what rough,  as  there  was  considerable  oscillation  in  the  plumb  line 
on  account  of  wind.  In  making  the  observations,  a  plumb  line  was 
hung  from  a  small  triangular  notch  in  an  angle  iron  built  into  the 
concrete  at  crest  level,  and  the  distances  from  the  plumb  line  to  the  wall 
were  measured  at  each  5  ft.  interval  on  June  10th,  1916,  when  the  dam 
was  empty,  and  again  on  March  28th,  1917,  when  the  dam  was  nearly 
full.  A  comparison  of  calculated  with  observed  deflections  is  given 
in  Table  7. 

TABLE  7. — Comparison  op  Calculated  and  Observed  Deflections  in 

THE  Wooling  Dam. 


Displacement, 

Displacement, 

Observed 

Depth  below 
crest. 

in  inches, 

due  to  water 

pressure— dam 

in  inches, 
due  to  rise  of 
temperature 

Resultant  — 

two  preceding 

columns. 

Depth 

below  crest, 

in  feet. 

displacement, 

in  inches, 
water  1  ft.  8  in. 

full  — ,  +  when 

of  20'>Fahr.— 

below  crest 

down  stream. 

dam  empty. 

March  28th,  1917 

0 

+  0.19  inch 

—  0.17  inch 

k  0.02  inch 

0 

0 

3  ft.  8  in. 

+  0.17 

—  0.14 

- 

-0.03 

5 

+  i\ 

7  ft.  4  in. 

--0.14 

-0.11 

- 

-0.03 

11  ft.  0  in. 

--0.12 

—  0.09 

- 

-0.03 

10 

::? 

14  ft.  8  in. 

--0.09 

—  0.07 

- 

-0.02 

15 

18  ft.  4  in. 

--0.07 

—  0.05 

- 

-0.02 

22  ft.  0  in. 

+  0.04 

—  0.03 

+  0.02 

20 
23* 

0 

25  ft.  8  in. 

H 

1-0.02 

—  0.01 

+  0.01 

29  ft.  4  in. 

- 

-0.01 

—  0.00 

+  0.01 

33  ft.  0  in. 

H 

ho.oo 

—  0.00 

+  0.00 

*  Ground  level  is  23  feet  below  crest. 


The  temperature  was  not  recorded  during  construction  but  most 
of  the  work  was  done  during  the  months  of  March  to  June,  1916. 
Table  8  gives  the  official  records  of  the  mean  monthly  temperature  at 
Macedon,  about  3  miles  from  the  dam  and  at  about  the  same  height 
above  sea  level.  The  temperature  of  the  water  was  observed  on  Novem- 
ber 2d,  1916,  to  be  13°  Cent.  =  55°  Fahr.,  and  the  estimated  tempera- 
ture on  March  28th,  1917,  was  60°  Fahr.  The  water  was  then  cool, 
but  not  cold. 
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TABLE  8. — Mean  Tejmpekature,  in  Degrees  Fahrenheit,  at  Macedon, 
Victoria,  Australia. 


January 65.1  May 48.7  September 48.8 

February 64.7  June 45.1  October 53.6 

March 60.8  July 43.2  November 58.7 

April 54.7  August 45.4  December 63.0 
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Synopsis. 
In  the  construction  of  tunnels,  particularly  under  compressed  air 
in  soft  soil,  the  engineer  has  met  a  number  of  difficulties  connected 
with  the  lining,  often  obscure  in  their  origin,  which  for  that  reason 
have  caused  anxiety,  delay  and  unforeseen  expense. 

In  this  paper  the  more  important  of  these  difficulties  are  stated  and 
methods  of  avoiding  them  suggested.  These  suggestions  are  discussed 
both  from  a  practical  and  theoretical  point  of  view.  It  is  the  purpose 
first  to  attempt  to  determine  the  causes  for  the  distortions  and  dis- 
placements common  to  tunnel  linings,  and  second,  to  suggest  how  they 
may  be  avoided  by  the  modification  of  existing  practice.  The  subject, 
however,  is  so  extensive  that,  in  order  to  keep  the  paper  within  reason- 
able limits,  a  general  outline  only  will  be  presented. 

For  the  sake  of  convenience,  the  paper  is  divided  into  sections  as 
follows : 

1. — Behavior  of  tunnel  lining  during  construction. 
2. — Determination  of  stresses  in  tunnel  linings. 
3. — Conditions  for  stable  equilibrium. 
4. — Stresses  in  tunnel  lining  during  construction. 

Note. — These  papers  are  issued  before  the  date  set  for  presentation  and  discus- 
sion. Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting, 
and  may  be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will 
be  published  in  a  subsequent  number  of  Proceedings,  and,  when  finally  closed,  the 
papers,  with  discussion  in  full,  will  be  published  in  Transactions. 
•  New  York  City. 
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5. — North  River  silt. 

6. — Ruling  requirements   for  the  erection   and  design  of  tunnel 
lining. 

7. — Design  of  tunnel  lining. 

8. — Materials  of  construction. 

9. — Secondary  lining. 
10. — Cost  of  tunnel  linings. 
11. — Conclusions. 


1. — Behavior  of  Tunnel  Lining  During  Construction. 

A  common  experience  when  building  a  shield-driven  cast-iron  lined 
tunnel  is  that,  although  it  may  be  i)ossible  to  erect  the  lining  true  to 
line,  level  and  shape,  it  is  difficult  and  even  impossible  to  keep  it  so 
during  the  construction  period. 

Immediately  after  the  shield  has  left  a  newly  erected  ring  of  the 
lining  the  ring  may  move  up  or  down  and  as  likely  as  not  it  will  change 
its  shape,  sometimes  in  one  direction  and  sometimes  in  another.  If  the 
deformation  threatens  to  become  excessive,  the  tunnel  has  to  be  braced. 
Afterward  it  may  be  found  that  this  bracing,  although  carefully  placed, 
becomes  loose  and  ineffective  because  the  lining  has  started  to  deform 
in  another  direction.  Then  the  bolts  may  have  to  be  retightened  and 
the  water-proofing  of  the  joints  and  the  bolt  holes  may  have  to  be  done 
again  every  time  the  lining  changes  its  shape. 

The  up  or  down  movements  may  be  even  more  serious.  In  the 
Pennsylvania  Railroad  Tunnels  under  the  North  River  at  New  York 
City  at  one  time  the  txmnel  started  to  rise  suddenly  immediately  behind 
the  shield  for  some  at  that  time  unexplained  reason,  and  rose  as  much  as 
12  in.  above  the  level  at  which  it  was  erected.  This  naturally  caused 
much  concern.  The  work  was  closed  down  for  about  one  month  and 
the  tunnel  lining  redesigned. 

In  another  tunnel  under  the  East  River  at  New  York  City,  the 
lining  settled  at  one  place  to  such  an  extent  that  there  was  not  clearance 
enough  left  for  the  traffic  to  pass  through,  and  thus  necessitated  the 
reconstruction  of  this  part  of  the  tunnel. 

It  is  evident  that  to  take  care  of  these  distortions  and  displacements 
is  expensive  both  in  money  and  time  and  adds  greatly  to  the  cost  of  the 
finished  structure.    Therefore  they  should,  if  possible,  be  avoided. 
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2. — Determination  of  Stresses  in  Tunnel  Linings. 

The  primary  function  of  the  lining  of  a  tunnel  is  to  support  the  sur- 
rounding soil.  In  addition  to  this,  it  is  often  necessary  and  nearly 
always  desirable  that  the  lining  should  be  capable  of  preventing  the  in- 
filtration of  water  which  may  be  present  in  the  ground  under  a  con- 
siderable head.  Furthermore,  when  the  tunnel  is  constructed  by  the 
shield  method  the  lining  must  be  able  to  support  the  thrust  of  the  shield 
rams. 

The  lining  of  a  tunnel  is  subject  to  stresses  caused  by  the  external 
forces,  and  only  when  these  are  known  is  it  possible  to  determine  the 
stresses  in  the  lining. 

Assuming  material  with  small  angle  of  rejwse,  the  vertical  forces  on 
the  upper  half  of  the  tunnel  are  the  weight  of  the  soil,  the  weight  of 
the  lining  and  the  possible  live  loads  above  the  tunnel  within  two 
vertical  planes  tangent  to  the  sides  of  the  tunnel.  The  force  on  any 
given  area  of  the  tunnel  is  that  portion  of  the  forces  which  is  vertically 
above  the  area. 

The  vertical  forces  on  the  lower  half  of  the  tunnel  are  equal  to  the 
vertical  forces  on  the  upper  half  of  the  lining,  plus  the  weight  of  the 
tunnel  and  its  contents.  The  distribution  of  these  forces  is  uncertain, 
but  can  generally  be  assumed  with  sufficient  accuracy.  The  horizontal 
forces,  which  must  be  balanced  on  the  two  sides  of  the  tunnel,  as  the 
tunnel  otherwise  will  be  in  sidewise  motion,  can  be  determined  by 
means  of  Rankine's  "Theory  of  Conjugate  Stresses." 

Let  p  =  the  vertical  load  on  a  unit  of  horizontal  surface  within  the 
ground ; 
Pj^  =  the  horizontal  soil  pressure  on  a  unit  of  vertical  surface  at 

the  same  depth;  and 
a  =  the  angle  of  repose  of  the  soil. 

Then,  in  accordance  with  Rankine's  theory, 

1  — sin.  a 
p,  =  p  z ^ (1) 

This  formula  represents  the  active  horizontal  pressure  of  the  soil.     The 
soil  is,  however,  able  to  resist  a  greater  horizontal  force,  represented  by 

1  +  sin.  a 

P2=P  z. : (2) 

■*  1  —  sin.  a  ' 

This  force  p,  is  called  the  passive  pressure  of  the  soil. 
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The  horizontal  pressure  on  the  tunnel  is  always  at  least  equal  to  the 
active  pressure  p,.  but  if  the  condition  of  the  internal  stresses  in  the 
tunnel  lining  should  so  require,  a  greater  horizontal  pressure  will  be 
developed  of  such  a  magnitude  as  will  be  required  to  jirovide  the  neces- 
sary equilibrium,  but  under  no  circumstances  greater  than  p^. 

In  order  to  find  the  stresses  in  the  tunnel  lining  it  is  necessary  to 
determine  which  value  of  the  horizontal  force,  between  the  limits  of 
Pj  and  p^,  is  in  action.  This  can  be  determined  by  the  fact  that  such 
a  horizontal  force  is  in  action  as  will  produce  the  least  internal  work. 

The  least  internal  work  will  be  produced  if  the  stress  polygon  coin- 
cides with  the  neutral  axis  of  the  tunnel  lining.  To  find  if  this  co- 
incidence is  possible,  it  is  necessary,  first,  to  determine  whether  a  hori- 
zontal force  which  would  produce  the  coincidence  might  be  applied, 
and,  second,  whether  such  a  horizontal  force  would  come  within  the 
limits  of  the  active  and  passive  forces.  If  it  does,  the  stress  pplygon 
will  coincide  with  the  neutral  axis,  and  the  tunnel  lining  will  be  in 
direct  compression  only. 


Fig.  1. 


Fig.  2. 


In  Fig.  1,  A  represents  half  the  circumference  of  a  tunnel,  and  B  a 
force  diagram  for  the  tunnel.  It  will  be  seen  that,  if  the  direction  of 
the  force  S  is  parallel  to  the  tangent  to  the  corresponding  point  of  the 
circumference,  the  stress  polygon  will  follow  the  neutral  axis;  it  will 
be  seen,  also,  that  for  any  given  vertical  force  there  is  always  a  hori- 
zontal force  which  will  produce  the  desired  results.  The  value  of  this 
horizontal  force  can  be  determined  as  follows : 

The  forces  acting  on  the  portion  of  the  lining  between  the  horizontal 
radius  and  a  radius  forming  an  angle  8j  with  the  horizontal  are  the  tan- 
gential stress,  S,  in  the  lining,  the  vertical  stress,  V,  and  the  external 
forces  with  a  vertical  component  v^  and  a  horizontal  component  /t^. 

Fig.  2  shows  that 

A,  =  (F  —  vj  tan.  8, (3) 
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where  V  is  the  vertical  load  on  one-half  of  the  tunnel,  and  i',   is  the 
vertical  load  on  the  portion  of  the  lining  considered. 

The  horizontal  force  on  a  portion  of  the  lining  between  two  radii 
forming  angles  of  Sj  and  8.,,  respectively,  with  the  horizontal  is 

h^  —  /(,^  =  (7  —  vj  tan.  8,  —  (7  —  t; J  tan.  8., (4) 

In  a  circular  tunnel  with  radius  r,  the  horizontal  pressure  per  unit  of 
area  is  h   _  h. 


r  (sin.  §2  —  sin.  8^) 


(V —  u,)  tan.  Sj  —  (F —  v^)  tan.  S^ 
'  r  (sin.  §2  —  sin.  (5j) 

This  pressure  Pi  is,  in  the  following,  termed  the  ideal  pressure. 

In  a  more  convenient  form  for  use,  Pi  may  be  expressed  by  the  fol- 
lowing equation,  which  gives  an  approximate  value  only,  and  in  which  tv 
represents  the  unit  weight  of  the  soil,  and  8  the  radial  angle. 

p^  =p^  +  0.11  (2  +  sin.  8)  (1  —  2  sin.  8)  w  r (6) 

If  Pi  <  Pi  <  Po,  the  tunnel  lining  will  be  subject  to  direct  com- 
pression stresses  only. 

Assuming  that  the  vertical  forces  on  the  lower  half  of  the  tunnel  are 
distributed  in  the  same  way  as  they  are  on  the  upper  half,  which  is  near 
enough  for  the  present  purpose,  in  order  to  obtain  the  condition  that 
the  lining  may  be  in  direct  compression  only  the  active  horizontal  pres- 
sure at  the  bottom  of  the  tunnel  should  be  no  larger  than  the  ideal 
pressure,  Pi,  at  the  top  of  the  tmmel. 

In  order  to  determine  what  angles  of  repose  would  produce  such 
pressures  under  certain  given  conditions,  the  pressures,  Pi,  have  been 
determined  for  circular  tunnels  with  diameters  of  12,  18,  24,  30  and 
36  ft.,  respectively,  and  with  the  assumption  that  the  vertical  pressure 
at  the  top  of  the  tunnel  is  4  000  lb.  per  sq.  ft.  and  that  the  weight  of  the 
material  is  120  lb.  per  cu.  ft.  The  results  are  plotted  on  Fig.  3,  and  by 
applying  Equation  (1)  it  is  found  that,  under  the  assumptions  made, 
direct  compressive  stresses  only  will  occur  when  the  angle  of  repose  is 
not  less  than  the  values  given  in  the  following  table : 

Diameter  of  tunnel,  in  feet.       12  18  24  30  36 

Angle  of  repose 10°  30'     14°  30'     18°  30'     22°  0'    25°  30' 
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If  the  vertical  pressure  at  the  top  of  the  tunnel  is  less,  the  angles  will 
be  greater,  and  if  the  weight  i)er  cubic  foot  of  the  material  is  less,  the 
angles  will  be  less ;  but  generally  it  may  be  said,  that  in  order  to  obtain 
direct  compressive  stresses  only  in  the  lining  of  a  circular  tunnel,  the 
diameter  of  the  tunnel  must  be  limited  to  a  certain  value  which  varies 
directly  as  the  value  of  the  angle  of  repose.  This  limiting  value  of  the 
diameter  is  about  12  ft.  when  the  angle  of  repose  is  10°,  and  about  43  ft. 
when  the  angle  of  repose  is  30  degrees. 

If  the  angle  of  repose  of  the  soil  is  less  than  as  determined  above, 
the  lining  will  be  subject  to  bending  stresses  in  addition  to  the  direct 
compression  stresses.  These  bending  stresses  may  be  determined  by 
means  of  a  stress  diagram.  It  is  evident  that  the  horizontal  forces  to 
apply  are  the  active  horizontal  pressures,  when  they  are  larger  than  the 
ideal  pressures. 

In  Equation  (5)  the  term  r  (sin.  Sg  —  sin.  8j)  represents  the  vertical 
projection  of  the  area  of  the  tunnel  lining  upon  which  the  horizontal 
pressure  is  acting.  If  this  area  is  reduced  without  similarly  reducing 
the  horizontal  projection  of  the  area,  the  value  of  pi  will  increase.  Such 
a  reduction  can  be  accomplished  by  making  tlie  tunnel  elliptical,  with 
the  major  axis  horizontal.  The  ratio  between  the  horizontal  and  vertical 
diameters  of  the  ellipse  can  be  found  as  follows : 

First,  determine  the  maximum  passive  horizontal  pressure  per  unit 
of  area  at  the  top  of  the  tunnel,  and  the  active  horizontal  pressure  per 
unit  of  area  at  the  bottom.  If  the  latter  is  equal  to  the  former,  an 
elliptical  tunnel  may  be  constructed  which  will  be  subject  to  com- 
pressive stresses  only,  and  the  ratio  between  the  horizontal  and  vertical 
diameters  of  the  ellipse  will  be  equal  to  the  square  root  of  the  ratio  be- 
tween the  active  pressure  at  the  bottom  of  the  tunnel  and  the  ideal 
pressure  at  the  top  of  the  tunnel. 

If  the  maximum  passive  horizontal  pressure  at  the  top  of  the  tunnel 
is  less  than  the  active  horizontal  pressure  at  the  bottom  of  the  tunnel 
the  lining  will  be  subject  to  bending  stresses  which,  however^  will  be 
as  small  as  possible  if  the  ratio  between  the  horizontal  and  vertical 
diameters  of  the  ellipse  is  equal  to  the  square  root  of  the  ratio  between 
the  maximum  passive  pressure  at  the  top  of  the  tunnel  and  the  corre- 
sjwnding  ideal  pressure. 

If  the  maximum  passive  horizontal  pressure  at  the  top  of  the  tunnel 
is  greater  than  the  active  horizontal  pressure  at  the  bottom  of  the  tun- 
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nel,  elliptical  tunnels  subject  to  direct  compressive  stresses  only  may 
be  designed,  with  the  ratio  between  the  horizontal  and  vertical  diam- 
eters varying  between  the  square  root  of  the  ratio  which  the  active  bot- 
tom horizontal  pressure  bears  to  the  top  ideal  pressure  and  the  square 
root  of  the  ratio  which  the  maximum  passive  top  pressure  bears  to  the 
top  ideal  pressure. 

The  ratio  between  the  vertical  and  the  horizontal  diameter  in  soil 
with  an  angle  of  repose  of  2°  52',  weighing  120  lb.  per  cu.  ft.  and  when 
the  pressure  at  the  top  of  the  tunnel  is  4  000  lb.  is  approximately  as  9 
to  10. 

It  may  be  stated,  therefore,  that  in  soil  with  an  angle  of  repose  pro- 
ducing bending  stresses  in  a  circular  tunnel,  it  is  possible  to  reduce  and 
sometimes  to  eliminate  the  bending  stress  by  making  the  shape  of  the 
tunnel  elliptical. 

3. — Conditions  for  Stable  Equilibrium. 
If  the  angle  of  repose  is  small,  the  distribution  of  the  vertical  forces 
on  the  lower  half  of  the  tunnel  may  be  different  from  that  assumed,  be- 
cause the  active  vertical  forces  become  effective.  In  that  case  the  dis- 
tribution may  be  assumed  to  be  as  follows:  Determine  the  upward 
forces  which,  in  accordance  with  Rankine's  theory  are,  per  unit  of  area : 


Ps  =P 


/I  —  sin.  a\'- 


and  distribute  the  difference  between  the  upward  and  downward  forces, 
including  the  weight  of  the  tunnel,  uniformly  over  the  horizontal 
diameter. 

If  this  difference  is  less  than  the  weight  of  the  tunnel,  passive  up- 
ward vertical  forces  are  developed,  and  according  to  Rankine  the  maxi- 
mum value  of  these  is : 

/I  -f  sin.  a\- 

*'=nrrii7r-j <^' 

It  may  be  said,  therefore,  that  if  the  total  vertical  downward  forces 
are  less  than  or  equal  to  the  total  maximum  passive  upward  forces  as 
determined  by  Equation  (8),  the  tunnel  will  not  sink. 

If  the  total  active  upward  forces  as  determined  by  Equation  (7)  are 
greater  than  the  total  downward  forces,  it  does  not  necessarily  follow 
that  the  timnel  will  rise,  because  the  resistance  to  upward  motion  is 
greater  than  the  total  downward  load;  for,  in  addition  to  overcoming 
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the  resistance  of  the  load,  the  frictioual  resistance  on  two  vertical 
planes  from  the  top  of  the  soil  to  the  bottom  of  the  tunnel  has  to  be 
overcome. 

Let  D  =  the  distance  from  the  top  of  the  soil  to  the  bottom  of  the 
tunnel ; 
Qj  =  the  unit  horizontal  pressure  at  the  top  of  soil,  and 
q.,  =  the  unit  horizontal  pressure  at  the  bottom  of  the  tunnel. 

Then  the  frictional  resistance  will  be 

F  =  (q^  +  q^)  D  tan.  a (9) 

It  follows,  therefore,  that  if  the  sum  of  the  total  downward  load  and  the 
frictional  resistance  is  greater  than  the  total  active  upward  force,  the 
tunnel  will  not  rise. 

4:. — Stresses  in  Tunnel  Lining  During  Construction. 

During  the  period  of  construction,  the  lining  is  subject  to  external 
forces  and  to  conditions  different  from  those  which  exist  when  this 
period  of  disturbance  is  past.  In  order  to  secure  the  safety  of  the  tun- 
nel during  this  period  and  to  carry  out  the  work  of  construction  eco- 
nomically, it  is  necessary  to  determine  in  advance  the  stresses  to  which 
the  lining  may  be  subjected  during  the  construction.  This  is  particu- 
larly true  when  the  tunnel  is  driven  by  the  shield  method  through  water- 
bearing ground. 

Since  the  tunnel  lining  is  used  as  the  abutment  for  the  shield  rams, 
the  stresses  in  the  lining  are  influenced  by  the  pressures  exerted  on  it 
by  the  rams.  These  ram  stresses  consist  of  direct  compression  parallel 
to  the  axis  of  the  tunnel,  when  the  line  of  pressure  coincides  with  the 
neutral  axis  of  the  skin  of  the  lining.  If  not,  additional  weight  of  lin- 
ing material  is  needed  to  take  up  stresses  which  ^re  wholly  temporary 
and  constructional  and  which  do  not  exist  after  the  driving  period  is 
over.  It  is  ordinarily  present,  however,  with  the  usual  type  of  cast-iron 
lining,  and  has  been  known  to  cause  breakage  of  the  lining  and  damage 
to  the  rams,  particularly  in  tunnels  of  large  diameter. 

The  conditions  under  which  the  shield  is  driven  forward  vary  with 
the  character  of  the  ground.  If  the  soil  is  firm  it  is  excavated  ahead 
of  the  shield,  and  the  duty  of  the  shield  rams  is  mainly  to  overcome  the 
frictional  resistance.  When  the  ground  is  soft  and  has  a  small  angle 
of  repose  the  shield  may  be  used  to  displace  part  or  all  of  the  soil  to  be 
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removed  to  make  room  for  the  tunnel.  In  this  case  not  only  frictional 
resistance,  but  also  the  resistance  to  displacement  has  to  be  overcome. 

When  the  shield  is  driven  forward,  displacing  the  soil,  and  particu- 
larly when  this  is  done  with  the  doors  closed,  the  active  horizontal  pres- 
sures directly  in  front  of  the  shield  are  increased  to  the  value  of  the 
passive  pressures,  and  at  the  same  time  rupture  of  the  body  of  the  soil 
occurs.  In  North  River  silt  this  increase  is  about  20  per  cent.  A  pro- 
portional increase  of  the  active  upward  forces  will  necessarily  occur. 
If  the  existing  condition  of  stable  equilibrium  is  such  that  the  total 
downward  load  and  the  frictional  resistance  about  balance  the  upward 
forces,  such  an  increase  of  the  upward  forces  may  cause  the  shield  to 
have  a  strong  tendency  to  "climb",  and  the  tunnel  to  rise  immediately 
after  the  shield  has  left  the  lining.  This  tendency  to  rise  will  extend 
only  some  distance  behind  the  shield  and  will  disappear  when  the  ab- 
normal active  ground  pressures  have  had  time  to  readjust  themselves. 
It  may  be  relieved  by  admitting  sufficient  quantities  of  soil  through  the 
shield  doors. 

At  the  moment  the  tail  of  the  shield  leaves  the  lining,  when  the 
shield  is  pushed  ahead,  there  exists  an  empty  annular  space  around  the 
lining.  In  firm  soil  it  is  probable  that  the  first  result  will  be  that  the 
lining  will  drop  down  to  rest  on  the  ground  surface  at  the  bottom  and 
that  the  soil  above  the  tunnel  will  close  down  until  it  bears  against  the 
upper  half  of  the  tunnel.  Later,  probably,  the  ground  will  close  in  at 
the  sides.  It  is  evident  that  the  effect  will  be  to  introduce  a  bending 
stress  in  the  lining,  so  that  if  the  lining  is  not  able  to  carry  such  stress 
the  top  of  the  tunnel  will  be  pushed  down  and  the  sides  will  spread  out 
until  they  bear  against  the  soil.  This  tendency  to  distortion  may  be  de- 
creased, however,  by  filling  the  space  with  grout  or  other  solid  material. 

In  ground  with  a*small  angle  of  repose  it  is  possible  that,  on  account 
of  its  greater  mobility,  the  soil  may  close  around  the  tunnel  immediately 
after  the  shield  is  pushed  ahead.  The  construction  conditions,  how- 
ever, will  have  appreciable  influence  on  the  stresses  in  the  lining. 

To  begin  with,  the  pressure  of  the  compressed  air  produces  bending 
stresses  in  the  lining. 

To  illustrate  this  stress,  diagrams  have  been  made  to  show  the  vary- 
ing conditions  of  stress  produced  by  varying  conditions  of  air  pressure. 
Fig.  4  shows  a  force  polygon  and  stress  polygon  under  certain  given 
conditions  when  the  tunnel  is  under  normal  air  pressure.    Fig.  5  shows 
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the  force  polygon  and  stress  polygon  for  the  same  tunnel  under  an  air 
pressure  of  25  lb.  and  Fig.  6  a  force  polygon  and  stress  polygon  when 
the  air  pressure  balances  the  external  pressure  at  the  crown  of  the 
tunnel. 

A  comparison  of  these  diagrams  shows  that  while  the  internal 
stresses  in  the  lining  decrease  as  the  air  pressure  increases,  the  eccen- 
tricity of  the  stress  increases  with  increased  air  pressure.  In  cast- 
iron  lining  of  the  usual  type,  the  bending  moment  introduced  by  the  air 
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pressure  may  cause  a  tensile  stress  of  several  thousand  pounds  per 
square  inch.  As  the  cast-iron  lining  is  not  a  continuous  elastic  struc- 
ture, the  effect  of  these  bending  stresses  will  be  to  open  the  joints 
between  the  segments.  An  inspection  of  the  diagrams  will  show  that 
the  tendency  will  be  to  open  the  joints  at  the  bottom  of  the  tunnel  on 
the  inside  and  at  the  top  of  the  tunnel  on  the  outside.  However,  as 
the  soil  at  the  top  may  resist  the  tendency  of  upward  displacement  the 
probable  net  result  will  be  a  shortening  of  the  vertical  and  a  correspond- 
ing lengthening  of  the  horizontal  diameter. 
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As  already  stated,  the  pushing  of  the  shield  ahead  without  taking 
in  the  displaced  soil  increases  the  earth  pressures  in  the  vicinity  of  the 
shield.  Similar  results  may  be  caused  by  pushing  forward  the  shield  in 
an  adjacent  tunnel,  if  that  tunnel  is  sufficiently  close.  Fig.  7  shows  the 
stress  curve  under  these  conditions.  The  tendency  to  distortion  in  this 
case  is  to  increase  the  vertical  and  to  decrease  the  horizontal  diameter. 

Stating  them  in  the  proper  order,  the  tendencies  to  distortion  (and 
if  the  lining  is  not  able  to  withstand  the  stress,  the  actual  distortions) 
will  be,  in  soil  with  a  small  angle  of  repose,  as  follows:  First,  imme- 
diately after  leaving  the  shield,  the  lining  will,  if  the  conditions  are 
present,  rise  and  at  the  same  time  increase  the  length  of  its  vertical 
diameter  and  decrease  that  of  the  horizontal  diameter.  Soon  after, 
when  the  soil  conditions  have  become  normal,  the  tendency  will  be  to 
push  in  the  lower  half  of  the  lining,  thereby  shortening  the  vertical 
diameter  and  lengthening  the  horizontal  diameter.  This  tendency 
becomes  more  aggravated  with  an  increase  of  air  pressure.  Finally 
when  the  air  pressure  is  removed,  the  tendency  to  distortion  to  a  great 
extent  disappears,  but  at  the  same  time  the  magnitude  of  the  direct 
stress  is  increased. 

The  conclusions  here  arrived  at  correspond  closely  to  the  actual 
behavior  of  the  tunnels  driven  through  North  River  silt.  The  excessive 
rise  of  the  Pennsylvania  North  River  Tunnel  mentioned  above,  which 
caused  the  work  to  be  stopped  for  a  period  of  time,  happened  when 
both  the  tunnels  were  being  driven  close  to  one  another  and  with  the 
doors  closed.  The  rise  was  effectively  checked  by  driving  one  shield 
well  in  advance  of  the  other  and  by  taking  a  sufficiently  large  quantity 
of  the  displaced  soil  into  the  tunnel  through  the  shield  doors ;  in  fact 
it  was  found  that  the  path  of  the  shield  could  be  adjusted  readily  by 
gauging  the  volume  of  the  soil  taken  into  the  tunnel.  The  volume 
naturally  depends  upon  a  number  of  conditions,  including  the  diameter 
of  the  tunnel;  if  that  is  small  enough,  it  may  be  possible  to  push  the 
shield  ahead  with  the  doors  closed  without  producing  a  rise  of  the 
tunnel;  in  fact,  this  was  frequently  the  experience  in  the  tunnels  of 
the  Hudson  and  Manhattan  Railroad  under  the  North  River  which,  in 
addition,  were  so  far  apart  that  the  adjacent  shields  had  little  or  no 
effect  upon  each  other. 

The  flattening  tendency  indicated  by  the  theoretical  determination 
of  stresses  under  air  pressure,  was  a  common  experience  in  all  tunnels 
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driven  through  the  North  River  silt.  In  all  cases,  the  ring  of  the 
lining  was  originally  built  true  to  shape.  If  after  erection  it  began 
immediately  to  increase  its  vertical  diameter,  this  change  of  shape 
stopped  within  about  two  weeks;  thereafter  the  lining  commenced  to 
increase  its  horizontal  diameter  and  continued  to  do  so  until  the  sec- 
ondary lining  was  placed.  If  no  initial  shortening  of  the  horizontal 
diameter  occurred,  the  lining  began,  soon  after  erection,  to  flatten  and 
this  often  continued  until  checked  by  internal  bracing. 

The  conclusions  that  are  to  be  drawn  from  these  conditions  are  that 
for  safety  and  economy,  it  may  be  advisable  to  design  the  lining  so  as 
to  be  able  to  carry  not  only  the  permanent  stresses,  but  also  the  con- 
struction stresses,  which  include  bending,  even  though  the  permanent 
forces  produce  compressive  stresses  only,  and  that  consequently  the 
primary  lining  should  be  the  entire  carrying  member. 

5. — ISToRTH  River  Silt. 

In  the  foregoing  discussion,  references  have  been  made  to  soils  with 
a  small  angle  of  repose,  and  it  may  be  pertinent,  therefore,  to  state 
some  of  the  characteristics  of  the  North  River  silt  underlying  the  North 
River  and  adjacent  waters,  which  is  an  example  of  a  soil  with  a  small 
angle  of  repose. 

During  the  period  of  construction  of  the  tunnels  under  the  North 
River  for  the  Pennsylvania  Railroad  and  the  Hudson  and  Manhattan 
Railroad,  a  great  number  of  tests,  experiments  and  analyses  were  made 
to  determine  the  characteristics  of  the  silt.  As  a  number  of  tunnels 
already  have  been  built  in  this  material  and  more  will  be  built,  the  most 
important  results  obtained  will  be  stated  here. 

The  weight  of  the  silt  increases  with  the  depth  below  the  river 
bed,  at  least  to  the  depth  that  tests  were  made,  which  was  to  the  bottom 
of  the  tunnels.  At  a  depth  of  15  ft.  below  the  river  bed,  the  silt  weighs 
about  104  lb.  per  cu.  ft. ;  at  a  depth  of  38  ft.  it  weighs  about  110  lb.  and 
the  average  weight  of  the  silt  surrounding  the  tunnels  is  108  lb.  per  cu. 
ft.    The  silt  surrounding  the  tunnels  contains  55%  of  water  by  volume. 

The  unit  weight  of  the  silt  and  its  water  content  vary  with  the  tide. 
At  high  tide  the  weight  is  greater  than  at  low  tide  and  the  water  content 
is  less.  This  points  to  the  probability  that  the  solid  particles  of  the  silt 
come  closer  together  at  high  than  at  low  tide,  and  this  is  also  evidenced 
by  the  fact  that  there  is  a  reversing  tidal  motion  of  the  silt,  which  rises 
as  the  tide  falls  and  falls  as  the  tide  rises.     This  tidal  rise  and  fall 
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amounts  to  an  average  of  about  I  in.  at  the  level  of  the  tunnels.  It  is 
to  be  presumed  that  it  varies  from  zero  at  the  bottom  of  the  silt  to  a 
maximum  at  the  top, 

A  body  embedded  in  the  silt  will  move  up  and  down  with  the  silt, 
but  if  it  is  in  stable  equilibrium  will  not  move  in  relation  to  the  silt. 

The  angle  of  repose  of  the  silt  surrounding  the  tunnels  was  deter- 
mined to  be  less  than  3  degrees.  This  was  done  by  analyzing  many  hun- 
dred observations  of  the  external  pressures  on  the  tunnel  lining,  obtained 
by  means  of  specially  constructed  and  highly  sensitive  pressure  gauges 
inserted  in  holes  in  the  skin  of  the  cast-iron  lining. 

The  fact  that  a  shield  with  its  doors  completely  closed  can  be 
forced  bodily  through  the  silt  without  taking  a  shovelful  of  muck 
into  the  tminel  and  without  requiring  undue  jack  pressures  to  be 
developed  shows  that  this  particular  soil  is  essentially  a  viscous  fluid. 
Such  a  thing  could  not  be  done  in  clay  or  sand  or  in  a  mixture  of  such. 
Observations  on  the  jack  pressures  used  to  start  an  actual  shield  in 
movement  through  the  silt  confirm,  when  analyzed,  the  fact  that  the 
material  has  an  angle  of  repose  of  less  than  3  degrees. 

Another  striking  indication  of  the  quasi-fluid  nature  of  the  silt  is 
afforded  by  its  vertical  fluctuation  due  to  the  tidal  rise  and  fall  of  the 
water  in  the  ISTorth  River  above  it.  The  ordinary  range  of  tide 
here  is  only  4  or  4^  ft.  and  yet,  at  the  elevation  at  which  the  tunnels 
lie,  this  small  tidal  range  produces  a  change  of  elevation  in  the  silt  of 
about  i  in.  Under  a  tidal  range  of  10  ft.  a  change  of  i  in.  in  the 
elevation  of  the  silt,  or  rather  in  that  of  the  tunnel  embedded  in  the 
silt,  has  been  observed. 

Certain  other  characteristics  of  the  silt,  observed  during  the  con- 
struction of  tunnels  through  this  soil,  shovdd  also  be  noted.  When 
subjected  to  air  pressure,  the  silt  has  the  nature  of  a  stiff  clay  and  its 
consistency  may  readily  be  varied  by  changing  the  air  pressure,  that 
is  to  say,  when  the  air  pressure  nearly  balances  the  soil  pressure,  the 
material  becomes  quite  stiff,  but  as  the  air  pressure  is  reduced  the  silt 
becomes   softer  and   softer. 

6. — Ruling  Requirements  for  the  Erection  and  Desion  op 

Tunnel  Lining. 

It  is  evident  from  the  previous  discussion  that,  if  the  tunnel  lining 

is  designed  in  such  a  manner  that  it  is  able  to  carry  the  stresses  to  which 

it  may  be  subjected,  both  during  the  period  of  construction  and  there- 
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after,  and  if  the  work  of  construction  is  carried  out  properly  and  with 
due  regard  to  the  peculiarities  of  the  soil  through  which  the  tunnel  is 
driven,  the  usual  difficulties  and  expense  experienced  in  keeping  the 
tunnel  true  to  line,  grade  and  shape  will  be  avoided. 

The  remedies  for  the  rising  or  sinking  of  the  tunnel  are  apparent, 
providing  the  tunnel  is  in  stable  equilibrium,  and  this  is  naturally  a 
primary  necessity.  When  the  tunnel  rises,  it  is  probably  due  to  the 
existence  of  excessive  external  pressures  caused  either  by  an  adjacent 
tunnel  shield  or  by  the  displacement  of  the  soil  by  the  shield  of  the 
tunnel  itseM. 

The  prevention  of  rising  is  to  make  such  an  adjustment  of  the 
amount  of  material  brought  in  through  the  shield  doors  that  these 
excessive  external  pressures  are  not  brought  into  existence.  When  the 
tunnel  sinks  it  is  plainly  due  to  leakage  of  water  and  soil  through  the 
joints  of  the  lining  over  the  lower  portion  of  the  periphery.  The  pre- 
vention consists  in  making  the  lining  water  and  mud  tight  at  the  time 
of  its  initial  erection,  or  as  soon  after  as  possible. 

The  prevention  of  deformation  lies  entirely  in  the  design.  If  the 
lining  is  so  designed  that  it  is  able  to  carry  the  stresses  that  may  be 
brought  upon  it,  both  during  and  after  the  construction  period,  no 
deformation  will  occur.  It  is,  therefore,  of  importance  that  the  lining 
should  be  designed  with  due  regard  to  this  requirement. 

■  When  the  art  of  building  cast-iron  lined  subaqueous  tunnels  was 
in  its  infancy  the  size  of  the  tunnels  was  kept  within  small  limits  and 
the  tunnels  were  built  through  ground  that  was  favorable  for  safe  con- 
struction. 

As  time  went  on,  and  there  developed  the  necessity  for  tunnels  of 
larger  size  and  in  fixed  locations  regardless  of  the  suitability  of  the  soil 
and  depth  of  waterway  encountered,  fresh  .problems  were  presented  to 
the  tunnel  engineer,  which  indicated  that  either  the  design  or  the 
material  of  the  lining,  or  both,  had  outgrown  their  original  usefulness 
from  the  standpoint  of  safety  as  well  as  of  economy.  In  what  follows, 
therefore,  the  design  of  tunnel  linings  will  be  discussed  while  keeping  in 
mind  the  safety  and  the  economy  of  the  design  under  varying  con- 
ditions, both  of  size  and  surrounding  material. 

7. — Design  of  Tunnel  Lining. 
In  undertaking  the  design  of  a  tunnel  lining  for  any  given  purpose 
and  under  any  given  conditions,  the  following  points  have  to  be  kept 
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in  mind:  The  shape,  the  strength,  the  material  of  construction,  the 
water-proofing-,  the  time  required  for  construction,  and  the  cost  of 
maintenance  and  operation. 

As  regards  the  shape,  if  the  cross-section  of  the  tunnel  is  such  that 
the  lining  is  subject  to  direct  compressive  stresses  only  or,  if  that  is  not 
obtainable,  to  the  least  possible  bending  stresses,  the  least  quantity  of 
construction  material  will  be  required  per  unit  length  of  the  periphery. 
As  stated  in  the  section  on  determination  of  stresses,  this  points  to  the 
use  of  an  elliptical  cross-section,  at  least  when  the  angle  of  repose  of 
the  soil  is  small.  When  it  is  possible  to  arrange  the  internal  clearance 
profile  in  an  elliptical  cross-section  so  that  no  space  is  wasted,  a  further 
economy  is  obtained  by  having  decreased  the  vertical  diameter,  because 
both  the  stresses  in  the  lining  and  the  difficulties  of  construction  are 
thereby  decreased.  The  possibilities  of  making  the  shape  elliptical 
have  to  be  studied  in  each  specific  case,  and  therefore  no  detailed  com- 
parisons, as  regard  economy,  between  circular  and  elliptical  tunnels  can 
be  attempted  in  this  paper. 

In  most  cases  it  is  necessary  or  advisable  to  maintain  the  proper 
lines  and  grades,  either  to  permit  the  passage  of  the  traffic  for  which 
the  tunnel  is  intended  or  for  the  sake  of  appearance.  Therefore  some 
additional  clearance,  say  from  3  to  6  in.  all  around  the  inner  periphery, 
should  be  provided  for  the  adjustment  of  the  unavoidable  deviations 
from  the  proper  lines  and  grades  that  will  occur  during  the  driving  of 
the  tunnel. 

As  regards  the  strength  of  the  lining,  it  has  been  shown  that,  under 
certain  conditions,  the  lining  is  subject  to  bending  stresses.  For  the 
purpose  of  avoiding  non-elastic  deformation,  the  lining  should  be  able 
to  carry  such  stresses.  The  ability  of  various  lining  materials  to  do 
this  will  be  discussed  in  the  following  section.  However,  it  may  be 
repeated  here  that  on  account  of  the  fact  that  the  bending  stresses 
occur  during  the  construction  period,  as  well  as  after,  the  lining  placed 
at  the  time  of  construction  should  be  strong  enough  to  carry  all  stresses 
without  any  secondary  lining  placed  at  any  later  date. 

The  economy  of  construction  depends  not  only  on  the  unit  cost  of 
the  material  or  materials  of  which  the  lining  is  constructed,  but  also 
on  the  quantity  of  material  required.  This  includes  not  only  the  cost 
of  procuring  the  materials,  but  also  their  cost  of  erection.  It  will  be 
remembered  that,  if  the  tunnel  is  driven  under  air  pressure,  the  cost  of 
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labor  under  these  conditions  is  exceptionally  high,  and  that,  therefore, 
such  materials  should  be  selected,  and  so  arranged,  as  to  require  as 
little  labor  under  compressed  air  as  possible. 

In  this  connection,  it  may  be  noted  that  while  the  internal  diameter 
of  the  tunnel  is  determined  by  the  use  for  which  the  tunnel  is  intended, 
the  external  and  consequently  the  amount  of  excavation  is  in  addition 
determined  by  the  thickness  of  the  lining.  Therefore,  in  comparing 
various  types  of  lining  from  the  point  of  economy,  the  quantity  of 
excavation  should  also  be  considered. 

A  further  matter  of  economy  is  that  of  the  period  of  time  required 
to  finish  the  tunnel  ready  for  operation.  Generally  it  is  desired  to 
complete  the  construction  as  soon  as  possible,  because  the  tunnel  is 
imperatively  needed.  The  loss  of  money  by  reason  of  the  tunnel  not 
being  ready  for  operation  often  cannot  be  estimated  definitely  but  is, 
nevertheless,  an  important  item.  In  addition,  the  monthly  overhead 
expenses  continue  about  the  same  during  the  whole  period  of  construc- 
tion, and  the  interest  on  the  capital  invested  increases  with  the  time 
of  construction.  This  indicates  as  advisable  an  investigation  of  the 
relative  periods  of  time  needed  to  construct  tunnels  of  various  sizes, 
shapes  and  materials. 

A  preliminary  study  of  the  rates  of  progress  attained  in  the  different 
New  York  river  tunnels  showed  that,  generally  speaking,  the  larger 
the  tunnel  the  less  progress,  measured  in  linear  feet  of  tunnel  driven  per 
month,  was  attained  under  any  given  set  of  conditions. 

When  the  weight  of  cast-iron  lining  corresponding  to  the  linear  feet 
of  tunnel  driven  per  month  was  computed  it  was  found  that  there  was 
a  fairly  constant  weight  of  cast-iron  lining  erected  per  month  under 
any  given  set  of  ground  conditions,  irrespective  of  the  size  of  the 
tunnel.    This  is  shown  in  Table  1. 

TABLE  1. — Weight  of  Cast-Iron  Lining  Erected  per  Month  in 
Compressed  Air  Tunnels  at  New  York  City. 


Weight  op  Cast-Iron  Lining  Erected  per  Month,  in  Tons. 

Material. 

P.  R.  R., 
North  River. 

H.  &M.  R.  R  , 
North  River. 

Dual  Subway, 
East  River. 

Average. 

Sand,  gravel,  etc 

Mixed  ground 

Rock 

660 

800 

235 

1  650 

■  'hbo 

320 
1  800 

484 

182 

24.3 

1  665 

550 

250 
230 

Silt 

1  750 
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The  cast-iron  lining  of  the  tunnels  built  in  the  neighborhood  of  New 
York  City  weighs,  in  pounds  per  linear  foot  of  tunnel,  about  twenty-two 
times  the  square  of  the  outside  diameter  expressed  in  feet.  Conse- 
quently, the  fact  that  the  weight  of  iron  lining  erected  per  month  under 
any  given  conditions  of  ground  is  more  or  less  constant  makes  it  possible 
to  foretell  the  approximate  monthly  progress  which  a  tunnel  of  any  given 
diameter  will  make  under  any  given  conditions  of  ground.  This  esti- 
mate has  been  plotted  to  show  the  result  in  graphical  form  (Fig.  8), 
and  it  is  interesting  to  see  that  the  line  of  progress  starts  at  zero  for 
zero  diameter  rises  rapidly  to  a  maximum  for  a  tunnel  of  about  10  ft.  in 
diameter,  and  then  diminishes  as  the  diameter  of  the  tunnel  is  increased. 
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Fig.  8. 
It  may  be  said,  therefore,  that  for  shield-driven  tunnels  lined  with 
cast  iron  of  the  usual  type  (and  probably  for  shield-driven  tunnels  lined 
with  any  kind  of  material)  the  smaller  the  diameter,  down  to  about 
10  ft.,  the  quicker  progress  will  be  made,  the  less  the  overhead  and  the 
interest  charges  during  construction  will  be,  and  the  sooner  the  tunnel 
will  be  ready  for  operation.  This  means  that  it  is  economically  sound 
(provided  that  the  purpose  for  which  the  tunnel  is  intended  is  not 
impaired  thereby)  to  build  a  number  of  small  tunnels  instead  of  one 
large  one.  For  example,  it  is  thoroughly  sound  to  provide  a  two-line 
railway   tunnel   by   building  two   single-line  tunnels   rather  than   one 
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double-line  tunnel,  provided  the  quantity  of  material  and  work  for  the 
two  single  tunnels  does  not  become  so  large  in  comparison  with  those 
items  for  the  double-line  tunnel  that  the  advantage  gained  in  the 
shorter  construction  period  is  counterbalanced. 

The  same  reasoning  applies  to  sewer  tunnels,  water  supply  tunnels 
and  in  fact  to  all  cases  where  the  traffic  may  be  subdivided.  A  further 
incidental  advantage  is  hereby  gained,  in  that  with  a  plurality  of 
tunnels  one  or  more  may  be  shut  down  for  repairs  at  times  of  slack 
traffic  without  shutting  off  the  entire  traffic.  A  constructional  advan- 
tage gained  by  use  of  several  small  tunnels  in  place  of  one  large  one 
is  that  the  difference  in  pressure  between  the  top  and  bottom  of  the 
tunnel  is  less. 

Most  tunnels  which  have  to  be  driven  under  navigable  waters  are 
limited  as  to  the  depth  below  the  water  surface  at  which  they  may  be 
placed.  For  example,  public  authority  may  require  that  no  encroach- 
ment may  be  made  on  a  water  depth  of  40  ft.  This  fixes  the  elevation  of 
the  crown  of  the  tunnel  and  this  in  turn  fixes  the  position  of  the  road- 
way or  track  which  is  placed  within  the  tunnel.  The  smaller  the 
vertical  diameter  of  the  tunnel  the  nearer  to  the  surface  this  roadway 
or  track  may  be  kept  and  thus  not  only  are  the  approaches  made  shorter 
or  the  gradients  easier,  and  the  total  length  of  the  tunnel  decreased, 
but  the  vertical  height  through  which  every  person  or  vehicle  which 
uses  the  tunnel  has  first  to  be  lowered  and  then  to  be  raised  is  dimin- 
ished. Thus  a  saving  in  energy  is  introduced  and  this  saving  is  con- 
tinuous throughout  the  entire  life  of  the  structure.  If  capitalized, 
this  saving  may  amount  to  an  appreciable  sum  of  money. 

8. — Materials  of  Construction. 

BricTcwork  and  Concrete. — Most  of  the  usual  materials  of  construc- 
tion have  been  adopted  for  tunnel  linings,  and  may  be  used  if  they  suit 
the  existing  conditions.  A  tunnel  driven  through  non-waterbearing 
rock  may  not  need  any  lining  at  all,  or  perhaps  only  a  facing  of  concrete 
to  improve  the  appearance  and  to  protect  the  rock  against  weathering.  A 
tunnel  constructed  in  dry  soft  soil  may  be  lined  with  brick  or  concrete, 
providing  that  no  shield-ram  pressures  have  to  be  supported  on  the 
lining  and  that  no  soil  pressures  are  likely  to  occur  until  the  mortar  or 
concrete  has   set.     This   indicates  the  use   of  brickwork   or  concrete, 
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particularly  as  a  secondary  lining.  The  primary  lining  may  be  either 
a  temporary  timber  construction  or  a  permanent  lining  of  timber,  con- 
crete blocks  or  metal.  In  the  first  case  the  masonry  lining  should  be 
able  to  carry  the  full  external  loads;  in  the  second  case  the  masonry 
lining  is  used  either  to  carry  part  of  the  stresses  or  to  provide  a  smooth 
interior  for  the  tunnel  or  to  protect  the  primary  lining.  The  use  of 
precast  concrete  blocks  placed  without  mortar  will  be  discussed  later. 

Wood. — On  account  of  its  lack  of  durability,  the  use  of  wood  is 
generally  limited  to  temporary  lining,  but  for  this  purpose  it  is  quite 
common,  from  the  timbering  of  a  heading  to  the  lining  of  full-size 
tunnels.  For  water-carrying  tunnels  in  water-bearing  soils,  however, 
wood  may  be  a  suitable  material.  A  special  case  where  wood  is  indi- 
cated as  a  proper  material  for  tunnel  lining,  is  that  of  discharge  tunnels 
of  power  houses,  as  it  has  been  the  experience  that  concrete  or  mortar 
disintegrates  under  the  action  of  the  discharge  water.  A  wooden  tunnel 
lining  may  be  either  arch  shaped  and  made  of  short  lengths  of  timber 
with  circumferential  butt  joints,  or  it  may  be  made  rectangular,  sub- 
jecting the  timber  to  bending  stresses.  On  account  of  the  softness  of 
this  material,  an  internal  wearing  surface  should  be  provided,  either 
of  masonry  or  of  renewable  planks. 

Cast  Iron. — Under  proper  conditions,  cast  iron  is  a  material  emi- 
nently suitable  for  use  as  tunnel  lining  on  account  of  its  rugged,  durable 
character  and  its  ability  to  carry  compressive  stresses. 

The  tunnel  shield,  and  incidentally  the  cast-iron  lining  of  the  type 
generally  used,  was  originally  invented  by  Marc  Isambard  Brunei  and 
patented  by  him  in  1818,  but  the  segmental  iron  lining  was  not  adopted 
until  1869  when  it  was  used  for  the  Tower  footway  tunnel,  with  an 
outside  diameter  of  7  ft.  If  in.,  at  London  under  the  Thames  River.  The 
lining  is  made  up  of  segments,  bolted  together,  forming  a  ring,  and  the 
adjacent  rings  are  also  bolted  together.  Fig.  9  shows  sections  of  the 
cast-iron  lining  used  for  the  Central  London  Railway  in  London  clay, 
which  is  a  stiff  non-waterbearing  clay.  The  outside  diameter  of 
this  tunnel  is  12  ft.  6  in.  and  no  secondary  lining  is  used.  Fig.  10 
shows  sections  of  the  cast-iron  lining  used  for  the  greater  part  of  the 
Pennsylvania  Railroad  Tunnels  in  the  silt  under  the  North  River  at 
New  York  City.  The  outside  diameter  of  this  lining  is  23  ft.  and  a 
secondary  lining  of  concrete  was  used,  making  the  total  thickness  of  the 
tunnel  lining  2  ft. 
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It  will  be  noticed  that  the  method  of  making  the  joints  is  different 
in  the  two  tunnels  shown.  In  the  Central  London  Tunnel  the  surfaces 
of  the  flanges  were  not  machined.  The  radial  joints  were  made  by 
packing  a  creosoted  wood  strip  between  the  adjacent  flanges  and  bolting 
them  together.  For  the  circumferential  joints,  on  account  of  the  neces- 
sity of  sustaining  the  shield-ram  pressure,  the  flanges  were  brought  into 
contact,  metal  to  metal,  along  the  skin  and  a  packing  of  yarn  was  placed 
at  the  bottom  of  the  joint  behind  the  bolts.  The  remainder  of  the  joint 
was  filled  with  mortar  except  where  water  was  met,  and  here  the  usual 
mixture  of  sal-ammoniac  and  iron  borings  was  packed  into  the  joint. 
The  radial  joints  were  also  finished  with  a  pointing  of  cement  or  of 
rust  caulking,  as  required. 
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DETAILS  OF   CAST  IRON    LINING  FOR   CENTRAL  LONDON 
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Fig.   9. 
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DETAILS  OF   CAST  IRON    LINING  FOR    PENNSYLVANIA   RAILROAD 
NORTH  RIVER   TUNNELS 
Fig.   10. 

In  the  Pennsylvania  Railroad  Tunnels  all  flange  surfaces  were 
machined  so  as  to  ensure  an  exact  bearing  surface  over  the  entire  depth 
of  the  flange.  A  caulking  groove  about  1-J  in.  deep,  however,  was  pro- 
vided along  the  inside  edge  of  the  flanges.  This  groove  was  used  to 
make  the  joint  water-proof  by  filling  it  with  rust  caulking,  and  the  bolts 
were  water-proofed  by  packing  grummets  consisting  of  rings  of  yarn 
dipped  in  red  lead  under  the  heads  and  nuts  of  the  bolts. 

The  main  advantages  of  cast-iron  lining  are  that  it  may  be  handled 
roughly  without  being  damaged;  that  it  may  be  procured  in  the  shape 
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desired  and  in  units  of  a  size  limited  only  by  the  facilities  for  casting 
and  the  weight  that  can  be  handled  in  the  tunnel ;  that  it  may  be  erected 
and  connected  in  a  reasonable  time,  and  that  it  may  be  made  almost 
water-tight  by  caulking  the  joints  and  grummeting  the  bolts.  The 
accuracy  with  which  the  faces  of  the  flanges  may  be  machined  is  nearly 
absolute  and  it  is  possible  to  erect  iron  thus  machined  to  perfect  shape. 
The  efficacy  of  the  lining,  as  a  structure  and  as  a  water-proof  envelope, 
then  depends  on  its  capability  of  resisting,  without  deformation,  the 
stresses  which  come  upon  it. 

Cast-iron  lining  of  the  type  described  forms  an  efficient  structure 
in  soils  with  a  large  angle  of  repose,  if  the  diameter  of  the  tunnel  is  not 
too  large.    The  question  of  cost  is  not  considered  for  the  present. 

The  objections  to  cast-iron  lining  are  as  follows:  The  structure, 
in  effect,  is  not  capable  of  resisting  stresses  other  than  compressive. 
This  is  not  so  much  due  to  the  cast  iron  itself,  which  might  be  relied 
upon  to  carry  a  reasonable  tensile  stress,  but  to  the  method  of  fastening 
the  segments  together,  which  permits  them  to  separate  slightly 
under  a  bending  stress.  The  result  is  that  during  construction  in  soil 
with  a  small  angle  of  repose  it  is  subject  to  various  non-elastic 
deformations,  and  further  the  pressure  of  the  compressed  air  causes, 
as  has  been  stated  before,  bending  stresses  in  the  lining,  producing 
distortion. 

In  soils  of  the  character  of  the  ISTorth  River  silt,  deformations  may 
occur  due  to  temporary  disturbance  of  tlie  earth  pressures  on  account 
of  the  pushing  forward  of  the  shield,  particularly  if  the  shield  is  driven 
ahead  without  taking  in  the  full  volume  displaced.  When  such  distor- 
tions occur,  it  is  necessary  to  provide  temporary  bracing  and  support 
until  the  supplementary  inside  lining  is  in  place,  and  this  is  expensive 
both  in  time  and  money. 

In  soil  of  moderately  high  angles  of  repose,  immediately  after  the 
shield  leaves  the  lining,  this  is  surrounded  with  an  annular  space  only 
partly  filled  with  solid  matter.  This  condition  produces  local  pressures 
on  the  lining,  causing  it  to  deform;  then  again,  when  the  air  pressure 
is  removed  the  conditions  of  equilibrium  are  changed  and  the  lining 
is  subject  to  further  deformation. 

The  non-elastic  deformation  has  another  serious  effect  on  the 
structure.  The  horizontal  joints  between  the  cast-iron  segments,  which 
are  generally  machined  and  expected  to  bear  on  the  whole  surface  of 
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the  flange,  open  up  either  on  the  inside  or  on  the  outside  and  thus  not 
only  is  the  strength  of  the  ring  as  an  arch  greatly  decreased  but  also 
the  efficacy  of  the  caulking  is  diminished.  This  is  particularly  impor- 
tant, because  the  caulking,  in  order  to  be  effective,  must  be  done  under 
air  pressure,  and  when  the  pressure  is  removed,  deformation  takes  place, 
opening  the  joints  and  destroying  the  water-tightness.  In  a  material 
such  as  North  River  silt,  having  tidal  movements,  an  additional  and 
periodical  working  of  the  joints  may  occur  which  will  make  the  caulk- 
ing ineffective,  particularly  in  tunnels  with  no  inside  concrete  lining. 
Leakage  necessitates  continuous  expenditure  for  pumping,  and  in  a 
material  like  North  River  silt,  even  a  minute  leakage  produces  a  settle- 
ment of  the  tunnel,  affecting  its  gradient. 

The  skin  of  the  cast-iron  lining  has  to  support  the  thrust  of  the 
shield  rams.  On  account  of  the  construction  space  needed  for  the  rams, . 
their  pitch-circle  must  be  several  inches  inside  of  the  skin-circle.  This 
causes  bending  stresses  in  the  rams  and  in  the  lining  and,  in  large 
tunnels,  results  in  bending  and  jamming  of  the  rams,  and  breakage 
of  the  lining. 

These  considerations  suggest  the  following  changes  in  the  design 
of  cast-iron  lining.  The  depth  of  the  circumferential  flanges  should 
be  made  large  enough  to  insure  compressive  stresses  only  in  the  lining 
or  at  least  tensional  stresses  no  greater  than  can  be  carried  safely  by 
the  cast  iron  and  the  connection  between  the  cast-iron  segments. 

The  sections  forming  a  ring  should  be  connected  so  that  non-elastic 
deformations  cannot  occur,  and  longitudinal  ribs  should  be  provided 
to  support  the  thrust  of  the  shield  rams. 

By  constructing  stress  polygons  for  tunnels  of  various  diameters 
it  has  been  found  that,  if  the  pressure  at  the  top  of  the  tunnel  is  4  000 
lb.  per  sq.  ft.,  the  weight  of  the  soil  120  lb.  per  cu.  ft.,  and  the  angle  of 
repose  is  2°  52',  the  maximum  eccentricity  e  of  the  circumferential 
force  in  the  lining,  when  the  outside  diameter  lies  between  12  ft.  and 
36  ft.,  may  be  expressed  empirically  by 

e  =  i-^ (10) 

480 

where  d  is  the  outside  diameter  in  feet  and  e  is  expressed  in  inches. 

It  is  desired  to  make  clear  that  the  soil  characteristics  and  weights 

of  lining  from  which  this  formula  is  derived  have  been  deliberately 
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chosen  to  accentuate  the  effect  of  a  heavy  soil  together  with  a  low  angle 
of  repose.  The  flanges  and  thicknesses  of  lining  given  in  the  following 
pages,  therefore,  are  exaggerated.  In  soil  of  the  character  of  North 
River  silt,  for  example,  the  eccentricity  will  be  found  to  be  considerably 
less. 

If  the  depth  of  the  flange  is  made  equal  to  4e,  the  tensile  stress  will 
not  be  greater  than  may  be  brought  safely  upon  the  cast  iron,  and  the 
connections  between  the  segments  of  the  lining  may  be  made  strong 
enough  to  carry  this  stress.  The  depth  of  the  flange  will  accordingly 
be  as  follows : 

Outside  diameter,  in  feet 12     18     24    30     36 

Depth  of  flange,  in  inches 4     12     24   .41     65 

The  inside  diameter  A  is  determined  by 

//  ==  (^  —  8e 

By  differentiation,  the  maximum  value  of  e  may  be  determined  as 
26.2  ft.  In  other  words,  in  order  to  obtain  a  cast-iron  lining  not  subject 
to  non-elastic  deformation  under  the  conditions  assumed,  the  inside 
diameter  cannot  be  greater  than  26.2  ft.  Before  this  limit  is  reached, 
however,  the  size,  weight  and  number  of  the  segments  of  the  lining 
will  have  become  unwieldy. 

It  is,  however,  quite  possible  to  construct  tunnels  with  a  cast-iron 
lining  having  a  flange  depth  less  than  that  required  to  make  the  lining 
self-sustaining;  in  fact,  the  primary  lining  may  be  and  has  been  made 
of  a  thin  metal  plate  only.  When  the  lining  is  not  self-sustaining,  it 
must  be  temporarily  supported  during  construction  and  a  secondary 
lining  must  be  provided.  The  question  of  which  method  to  adopt  is 
essentially  one  of  economy,  but  it  must  also  be  kept  in  mind  that  when 
the  primary  lining  is  not  self-sustaining,  the  water-proofing  becomes 
more  uncertain  and  expensive. 

It  has  been  found,  by  plotting  the  weight  of  cast-iron  linings  of 
tunnels  actually  constructed  in  soils  of  this  character,  that  the  weight 
may  be  expressed  by  the  equation  Tf  =  22CZ-  where  If  is  the  weight, 
in  pounds  per  linear  foot  of  tunnel  and  d  is  the  external  diameter, 
in  feet. 

Precast  Concrete  Blocls. — As  previously  stated,  concrete  is  not, 
except  under  special  conditions,  a  suitable  lining  material  for  a  shield- 
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driven  tunnel,  except  in  the  form  of  precast  blocks.  In  this  shape  it 
is  well  suited  for  tunnels  of  any  diameter  when  the  soil  is  dry  and  has 
a  large  angle  of  repose,  and  it  may  be  used  in  tunnels  of  small  diam- 
eters in  water-bearing  soil  with  a  small  angle  of  repose,  providing  it  can 
be  made  water-tight;  but,  according  to  the  foregoing  stress  determina- 
tion, in  the  present  state  of  the  art  it  is  not  suitable  under  any  other 
conditions. 

The  advantages  of  the  precast  concrete  blocks  are  that  they  may  be 
made  of  any  shape  and  size  desired,  at  a  reasonable  cost,  and  that  they 
may  be  handled  with  ordinary  care  without  being  subject  to  serious 
damage. 

The  disadvantages  of  precast  concrete  blocks  are,  as  a  whole,  the 
same  as  those  of  cast-iron  lining,  but  to  a  greater  degree;  namely,  they 
cannot  resist  other  than  compressive  stresses  and  the  water-proofing  is 
uncertain  in  its  efficacy. 

It  has  been  stated  previously  that  bending  stresses  occur  during  the 
construction.  These  stresses  the  concrete-block  lining  cannot  resist, 
even  though  interlocking  arrangements  be  provided  between  adjacent 
segments,  because  it  would  be  a  practical  impossibility  to  cast  the  blocks 
so  as  to  secure  the  absolute  fit  necessary  to  prevent  any  motion  in  the 
joint.  The  result  is,  therefore,  that  the  tunnel  will  distort  and  the 
joints  open,  when  bending  occurs,  thereby  throwing  the  full  load  on 
a  small  bearing  surface  either  at  the  inside  or  outside  edge,  and  pro- 
ducing a  grave  possibility  of  spalling  off  the  edges  of  the  blocks. 

Owing  to  their  bulk,  the  concrete  blocks  would  have  to  be  rather 
short,  particularly  in  tunnels  of  moderate  or  large  size.  Consequently 
the  taper  of  the  individual  blocks  would  be  slight,  and  it  is  entirely 
within  the  possibilities  when  the  tunnel  distorts  and  the  joints  open, 
that  the  block  might  be  free  to  slide  in  under  the  external  pressure, 
particularly  when  the  outside  edges  are  spalled  off. 

In  order  to  make  a  tunnel  lined  with  such  blocks  safe  during  the 
construction  period,  it  would  be  necessary  to  make  arrangements  on 
the  following  general  lines:  To  provide  the  blocks  with  steel  rings 
securely  fastened  into  them  and  during  the  time  the  air  pressure  was 
on  to  fasten  tie-rods  to  these  rings  in  the  directions  where  increases 
of  diameter  might  occur,  and  at  the  same  time  to  support  the  lining 
with  struts  in  the  directions  where  the  diameters  might  decrease.  Such 
temporary    support    would   however   be    expensive   and    interfere    with 
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the  work  of  construction.  The  stresses  in  the  structure  under  normal 
air  pressure  might  be  taken  care  of  by  making  the  thickness  so  great 
that  tensile  stresses  would  not  occur.  As  will  be  shown  hereafter,  this 
is  only  possible  up  to  a  certain  inside  diameter.  The  tensile  stresses 
in  the  permanent  lining  might  also  be  relieved  by  introducing  proper 
l)ermanent  internal  bracing  of  the  lining,  which,  however,  again  would 
add  to  the  cost  of  the  structure. 

The  concrete  blocks  might  be  made  reasonably  water-tight  by  the 
addition  of  some  water-proofing  compound.  The  joints  between  the 
blocks  could  be  water-proofed  by  means  of  water-proofing  material,  but 
in  order  to  make  such  water-proofing  efficient,  it  would  have  to  be  car- 
ried out  with  the  greatest  care  at  each  individual  joint  before  the  next 
block  was  placed,  thus  retarding  progress  at  the  period  of  construction, 
when  speed  is  of  paramount  importance  for  economy. 

The  efficacy  of  the  water-proofing  however  would  depend  on  the 
absolute  prevention  of  distortion  of  the  tmiuel. 

As  stated  above.  Equation  10  expresses  the  eccentricity  of  the  cir- 
cumferential force.  In  order  to  avoid  tensile  stresses,  the  thickness 
of  the  lining  must  be  not  less  than  Qe.  This  Avould  require  the  following 
thickness  of  the  lining: 

Outside  diameter,   in  feet 12     18     24     30     3G 

Thickness  of  lining,  in  inches 6     18     36     61     97 

It  would  appear,  therefore,  that  the  thickness  of  this  lining  becomes 
so  great  as  to  be  impracticable  when  the  outside  diameter  of  the  tunnel 
is  more  than  24  ft.  Furthermore,  the  inside  diameter  should  not  be 
increased  beyond  20  ft.,  because  the  inside  diameter,  z/,  is  ^  =  ^  —  12e, 
and  by  differentiation,  the  maximum  value  of  J  is  determined  as  20 
ft.  In  other  words,  in  order  to  obtain  a  concrete-block  lining  not 
subject  to  non-elastic  deformation  under  the  conditions  assumed,  the 
inside  diameter  cannot  be  greater  than  20  ft.  unless  inside  bracing  is 
provided. 

Structural  Steel. — So  far,  all  the  usual  materials  of  construction 
have  been  considered  except  structural  steel,  which  up  to  the  present 
time  has  been  used  for  tunnel  lining  only  to  a  very  limited  extent,  in 
spite  of  its  many  apparent  advantages.  The  most  probable  reason  for 
this  is  that  the  standard  material  for  primary  lining  for  subaqueous 
tunnels,  cast  iron,  has  proved  itself  generally  satisfactory,  although  in 
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soils  having  a  low  angle  of  repose  it  has  become  apparent  that  the 
limit  of  possible  size  has  nearly  been  reached. 

Steel  has  been  used  as  primary  lining  for  tunnels  under  the  Spree 
and  the  Elbe  Kivers  in  Germany.  In  both  cases  the  steel  lining  was 
used  as  an  envelope  only,  inside  of  which  the  permanent  and  supporting 
lining  was  constructed.  Light  wrought-iron  plates  were  used  for  the  old 
North  River  Tunnel,  commenced  in  1874.  Steel  has  also  been  used 
for  a  short  length  of  the  intake  tunnel  of  the  Hudson  and  Manhattan 
Railroad  power-house-  at  Jersey  City,  N.  J,  In  this  case,  the  steel  lining 
was  made  of  13-in.  ship  channels,  bent  to  the  curvature  of  the  tunnel  and 
provided  at  the  ends  of  each  section  with  angle  flanges,  producing  sec- 
tions of  steel  similar  to  the  iisual  cast-iron  sections.  These  sections 
were  erected  and  bolted  together,  following  the  procedure  of  cast-iron 
lining.  This  tunnel  was  xrovided  with  an  internal  wearing  surface  of 
masonry. 

None  of  these  types  of  steel  lining  is  self-supporting  but  requires 
a  secondary  carrying  lining.  For  the  purpose  of  investigating  the 
possibilities  of  a  self-sustaining  steel  lining,  the  writers  have,  therefore, 
attempted  to  design  such  a  lining.  Fig.  11  shows  its  general  character. 
It  consists  essentially  of  circular  plate  girders,  spaced  at  intervals, 
supporting  the  steel  plate  envelope  or  skin.  The  girders  are  intended 
to  be  able  to  carry  the  forces  that  may  come  upon  them  without  non- 
elastic  deformation,  but,  as  they  necessarily  must  be  brought  into  the 
tunnel  in  sections,  they  must  be  spliced.  The  compressive  stresses 
will  readily  be  transmitted  through  the  machined  abutting  faces,  and 
the  tensile  stresses  may  be  transmitted  through  splice  plates  connected 
to  the  adjacent  sections  by  means  of  tight-fitting  pins  or  tapered 
dowels.  Fig.  12  is  a  photograph  of  a  model  of  a  section  for  a  timnel  18 
ft.  in  diameter. 

The  advantages  of  such  steel  lining  are,  first,  that  it  may  readily 
be  made  strong  enough  to  carry  without  non-elastic  deformation  the 
forces  to  which  it  may  be  subjected,  and  second,  that  it  may  be  made 
absolutely  water-tight  by  means  of  electric  welding. 

The  jjrincipal  criticism  that  might  be  made  against  the  steel  lining 
is  probably  that  of  possibility  of  corrosion.  All  the  evidence,  however, 
that  so  far  has  come  to  the  knowledge  of  the  writers  appears  to 
indicate  that  steel  embedded  in  soil  under  conditions  similar  to  those 
to  which  a  tunnel  lining  is  subjected  does  not  corrode.  More  light  on 
this  matter  would  be  desirable.     Some  evidence  is  afforded  by  the 
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shield  of  the  North  Tunnel  of  the  up-town  tunnels  of  the  Hudson  and 
Manhattan  Railroad.  The  skin  of  this  shield  consisted  of  a  cylinder 
made  up  of  two  thicknesses  of.|-in.  steel  plate.  The  diameter  of  the 
cylinder  was  19  ft.  11  in.  and  its  length  from  cutting-  edge  to  end  of  tail 
was  10  ft.  6  in.  This  shield  was  erected  in  1890  and  was  driven  for- 
ward about  2  000  ft.  in  a  little  less  than  a  year.  It  is  not  known  whether 
the  shield  was  painted  or  otherwise  protectively  coated  before  it  started 
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on  its  journey,  but  it  is  reasonably  certain  that  any  coating  it  may  have 
had  was  rubbed  off  after  traveling  2  000  ft.  through  the  silt. 

The  work  on  the  tunnel  was  abandoned  in  1891,  and  the  shield  was 
left  encased  in  the  North  River  silt  about  half  way  across  the  river. 
Inside,  the  shield  was  filled  with  water  and  muck.  In  1902,  eleven 
years  after  the  tunnel  had  been  abandoned,  it  was  cleaned  out.  The 
shield  was  found  to  be  in  good  condition  and,  after  repairs  to  the 
machinery,    was    used    to    drive    the    tunnel    the    remaining    distance 
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across  the  river  where  it  arrived  and  was  dismantled  in  1904,  except 
the  outer  shell,  which  was  left  in  place,  the  cast-iron  lining  being  erected 
inside  it.  In  other  words,  a  steel  cylinder  with  an  unprotected 
surface  of  about  750  sq.  ft.  remained  embedded  in  North  River  silt  for 
eleven  years  without  being  impaired  for  use. 

By  making  designs  for  a  lining  of  this  type  for  several  different 

sizes  of  tunnels  under  the  same  assumptions  as  to  soil  characteristics 

used  previously,  and  by  selecting  the  girder  depth  expressed  in  inches 
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equal  to  the  outside  diameter  d  in  feet  divided  by  1.2,  it  has  been  found 
that  the  weight  W  of  the  lining,  in  pounds  per  linear  foot  of  tunnel, 
may  be  expressed  by  W  =  4.d^-^m (11) 

It  will  be  foimd  that  weights  of  steel  lining  based  on  this  formula, 
when  compared  with  weights  of  cast-iron  lining,  range  from  59%  in 
the  case  of  a  10-ft.  tunnel  to  26%  for  a  50-ft.  tunnel. 

Fig.  13  shows  these  weights  plotted  for  tunnels  up  to  50  ft.  in 
diameter. 
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9. — Secondary  Lining. 

The  purpose  of  the  secondary  lining  of  a  tunnel  may  be  either  to 
act  as  a  carrying  member,  to  produce  a  smooth  inner  surface,  to  give 
additional  weight,  or  to  protect  the  primary  lining  from  corrosion. 
It  generally  consists  of  either  brickwork  or  concrete.  It  has  been  stated 
before  that  in  order  to  avoid  troublesome  deformations  in  a  tunnel 
driven  under  air  pressure,  the  primary  lining  should  be  designed  so 
as  to  be  able  to  carry  the  stresses  to  which  it  is  subjected  during  the 
construction,  as  well  as  the  permanent  stresses,  without  non-elastic 
deformation.  If  that  is  done,  no  secondary  lining  is  needed  on  account 
of  strength  and  it  might,  if  intended  for  that  purpose  only,  be  dis- 
pensed with. 

As  to  the  use  of  a  secondary  lining  to  produce  a  smooth  inner  sur- 
face, this  is  necessary  when  the  tunnel  is  intended  to  carry  water  if 
the  primary  lining  does  not  provide  a  smooth  inner  surface,  for  example, 
when  the  primary  lining  is  constructed  of  metal.  If  the  tunnel  is 
intended  to  be  used  as  a  railroad  or  a  highway,  there  does  not  appear' 
to  be  any  more  reason  to  hide  the  metal  construction  than  if  the  struc- 
ture were  a  bridge. 

10. — Cost  of  Tunnel  Linings. 

The  previous  sections  of  this  paper  have  discussed  the  merits  and 
demerits  of  various  materials  of  tunnel  linings  from  the  point  of  view 
of  serviceability  without  reference  to  the  matter  of  cost.  This  feature, 
however,  is  of  prime  importance  and  often  is  a  determining  factor  as 
to  whether  a  tunnel  is  to  be  constructed  or  not,  or  if  constructed,  deter- 
mines its  capacity. 

It  was  attempted,  therefore,  to  formulate  certain  expressions  by 
which  the  probable  cost  per  unit  of  length  of  tunnels  of  any  given  size 
to  be  constructed  through  various  kinds  of  ground,  could  be  determined, 
if  not  absolutely,  at  least  relatively. 

The  prices  of  labor  and  materials,  however,  usually  are  in  a  state 
of  flux,  and  this  is  particularly  true  at  the  present  time.  Furthermore, 
the  probable  cost  of  labor  and  materials  on  any  specific  piece  of  work 
is  so  tied  up  with  the  local  conditions  which  surround  and  attend  that 
work  that  the  conclusion  was  reached  that  such  generalized  and  sweep- 
ing formulas  were  more  or  less  spurious  and  untrustworthy  and  might 
lead  to  erroneous  results  if  applied  without  due  caution  and  reserve. 
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It  may  suffice  to  repeat  that,  as  far  as  the  use  of  a  tunnel  is  con- 
cerned, the  internal  cross-section  is  the  measure  of  its  capacity.  As 
far  as  the  stresses  which  will  exist  in  the  lining  are  concerned,  the 
outside  diameter  is  the  ruling  factor.  Hence  in  comparing  one  type 
of  tunnel  lining  with  another  for  tunnels  of  the  same  internal  cross- 
sections  under  the  same  external  conditions  of  ground  pressure,  as- 
suming that  the  various  linings  compared  have  been  designed  so  that 
the  tunnel  shall  have  equal  strength  in  each  case,  the  following  factors 
should  be  brought  into  the  comparison : 

1. — The  volume  and  cost  of  the  excavation; 

2. — The  weight  and  cost  of  the  lining  material; 

3.— The  probable  rate  of  advance; 

4. — The  permanence  of  the  lining  material; 

5. — The  possibility  of  making  the  lining  water-proof. 

11. — Conclusions. 

From  the  previous  discussion  the  following  conclusions  are  reached: 

1.- — When  the  characteristics  of  the  soil  through  which  a  tunnel  is 
to  be  built  are  known,  it  is  possible  to  determine  the  stresses 
in  the  tunnel  lining. 

2. — In  order  to  obtain  direct  compressive  stresses  only  in  the  lining 
of  a  circular  tunnel,  the  diameter  of  the  tunnel  must  be  lim- 
ited to  a  certain  value  which  varies  directly  as  the  angle  of 
repose  of  the  soil  in  which  the  tunnel  is  embedded. 

3. — In  soil  with  an  angle  of  repose  producing  bending  stresses  in  a 
circular  tunnel,  it  is  possible  to  reduce,  and  sometimes  to 
eliminate,  the  bending  stresses  by  making  the  shape  of  the 
tunnel  elliptical. 

4. — If  the  total  vertical  downward  forces  are  less  than  or  equal  to 
the  total  maximum  passive  upward  forces  the  tunnel  will  not 
sink. 

5. — If  the  sum  of  the  total  downward  load  and  the  frictional  resist- 
ance is  greater  than  the  total  active  upward  force  the  tunnel 
will  not  rise. 

6. — The  pressure  of  the  compressed  air  in  the  tunnel  during  con- 
struction produces  bending  stresses  in  the  lining. 

7. — The  shoving  of  a  shield  through  plastic  soils  without  taking  in 
the  full  volume  displaced  by  the  shield  induces  temporary 
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pressures  in  the  ground  which  tend  to  deform  and  displace 
the  lining. 

8. — The  lining  should  be  designed  so  as  to  be  able  to  carry  not  only 
the  permanent  stresses  but  also  the  construction  stresses, 
which  include  bending,  even  though  the  permanent  forces 
produce  compressive  stresses  only. 

9. — Consideration  should  be  given,  in  each  speciiic  case  presented, 
to  the  advantages  and  disadvantages,  from  an  engineering 
viewi^oint,  of  making  the  primary  lining  the  entire  carrying 
member,  or  of  supporting  the  primary  lining  when  and  where 
necessary  until  the  secondary  lining  has  been  placed. 

10. — Up  to  the  present,  the  rate  of  progress  of  a  shield-driven  sub- 
aqueous tunnel  has  been  a  function  of  the  diameter  of  the 
tunnel.  For  each  variety  of  ground  this  relationship  is  dif- 
ferent, but  in  general  the  rate  of  advance  increases  rapidly 
from  zero  diameter  up  to  a  diameter  of  about  10  ft.  and  then 
decreases  with  increase  of  diameter. 

11. — In  soils  with  a  low  angle  of  repose,  for  any  specific  case  pre- 
sented, there  is  a  limiting  inside  diameter  (which  may  be 
determined  for  that  case)  beyond  which  the  primary  lining, 
whether  of  cast  iron  or  of  concrete  blocks,  cannot  be  designed 
to  stand  without  internal  bracing. 

The  subject  covered  is  one  on  which  there  is  still  much  difference  of 
opinion  and  doubt.  The  writers  hope  that  these  notes  may  give  rise 
to  a  discussion  on  the  design  and  construction  of  tunnels  which  will 
help  the  engineer  who  has  to  deal  with  this  most  fascinating  work. 
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THE  DUTY  OF  WATER 
IN  THE  PACIFIC  NORTHWEST* 


By  J.  C.  Stevens,!  M.  Am.  Soc.  C.  E. 


Synopsis. 

The  duty  of  water  for  any  particular  locality  is  susceptible  of 
analytical  determination  if  the  necessary  physical  characteristics  of 
topography,  soil  and  climate,  and  the  crops  to  be  grown  are  known.  The 
object  of  tliis  paper  is  to  strip  this  subject  of  some  of  the  ornate  general- 
ities that  usually  characterize  its  discussion,  and  to  suggest  lines  along 
which  future  research  should  be  conducted  in  order  to  supply  the 
missing  data  necessary  to  the  solution  of  the  problem. 

The  subject  is  first  considered  analytically.  The  process  is  illus- 
trated by  an  actual  example,  and  the  correctness  of  the  determination 
substantiated  by  results  actually  secured  on  projects  where  crop  statis- 
tics and  other  data  are  available. 

Briefly  stated,  the  determination  of  the  duty  of  water  consists  in 
first  fixing  the  average  percentage  of  soil  moisture  that  should  be  main- 
tained for  the  particular  soil  and  crops,  and  then  finding  a  quantity  of 
irrigation  water  that,  with  the  precipitation  and  the  unavoidable  losses, 
will  maintain  that  amount  of  soil  moisture. 

This  method  makes  the  free  soil  moisture  in  the  root  zone  of  the 
plants  the  index  of  plant  sufficiency.  It  is  hoped  the  suggestion  will 
lead  to  additional  research  to  determine  the  amount  of  free  soil  moisture 

*  This  paper  will  not  be  presented  for  discussion  at  any  meeting  of  the  Society, 
but  written  communications  on  the  subject  are  invited  for  subsequent  publication  in 
Proceedings,  and  with  the  paper  in  Transactions. 

t  Portland,  Ore. 
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in  various  types  of  soils  and  for  various  crops  that  will  give  the  highest 
efficiency  in  agricultural  practice.  Some  work  along  this  line  has 
already  been  done  and  the  results  of  such  investigations  have  been  used 
in  making  up  the  various  formulas  and  criteria  presented  in  this  paper. 


Terms  Used. 

The  net  duty  of  water  is  taken  to  mean  the  amount  of  water  arti- 
ficially delivered  to  the  margin  of  the  farms  for  irrigation.  It  will  be 
expressed  in  depth  on  the  land  in  feet  or  inches,  which  is  identical  with 
acre-feet  or  acre-inches  per  acre. 

Precipitation  includes  rain,  snow,  hail,  sleet,  dew  and  frost. 

Irrigation  water  is  the  water  artificially  delivered  to  the  land.  It 
does  not  include  precipitation. 

Evaporation  is  the  return  of  surface  water  to  the  atmosphere.  It 
is  considered  in  three  phases — evaporation  of  precipitation,  of  irriga- 
tion water,  and  from  soil  storage. 

Percolation  is  the  passing  of  water  in  the  soil  beyond  the  reach  of 
plant  roots. 

Surface  waste  is  the  surface  run-off  from  irrigation  water  or  pre- 
cipitation. 

Soil  storage  is  the  water  held  in  the  soil  by  capillary  forces  within  the 
root  zone  of  plants. 

Water-table  is  the  point  of  soil  saturation  by  gravity  water. 

Hygroscopic  moisture  is  the  amount  of  water  an  artificially  heated 
soil  will  absorb  from  moist  air  upon  cooling.  It  is  not  available  for 
plant  growth. 

Capillary  water  is  the  water  held  in  the  interstices  of  the  soil  against 
gravity. 

Gravity  water  is  all  water  in  the  soil  not  hygroscopic  or  capillary. 
It  will  flow  off  by  gravity  in  drains. 

Plant  consumption  is  the  water  taken  by  plant  roots. 

Free  moisture  is  any  soil  water  available  for  plant  growth. 

What  Constitutes  the  Net  Duty  of  Water. 
The  net  duty  of  water  is  very  simply  conceived  in  two  parts : 
1. — The   quantity    of    water    actually    consumed    by    plants;    and, 
2j — The  losses  incident  to  supplying  that  quantity  to  the  plant  roots. 
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The  losses  are  of  three  kinds : 
1. — Evaporation, 
2 . — Percolation, 
3. — Surface  Waste.  • 

Of  these  losses,  percolation  and  surface  waste  are  entirely  under  the 
control  of  the  irrigator,  while  evaporation  is  partially  under  control. 
It  is  only  necessary,  therefore,  to  consider  to  what  extent'  these  losses, 
in  the  exercise  of  good  husbandry,  are  necessary  and  unavoidable  and 
thus  may  be  considered  a  beneficial  use  of  water. 

Plant  Consumption. — Every  plant  requires  certain  ideal  conditions 
for  optimum  growth.  These  conditions  involve  a  minimum  water  con- 
sumption. Any  material  departure  from  these  ideal  conditions  is 
reflected  in  an  increased  water  consumption.  In  other  words.  Nature 
tries  to  remedy  any  deficit  of  plant  food,  or  energy,  by  an  increase  in 
transpiration. 

It  has  been  found  that  the  water  consumption  of  plants  is  influenced 
by  environmental  factors  as  follows: 

1. — The  addition  of  fertilizer  to  a  fertile  soil  has  no  effect  on  plant 
consumption,  but  materially  reduces  the  water  consumption  if  added  to 
an  infertile  soil. 

2. — Soil  moisture  is  without  effect  provided  there  is  sufficient  for 
plant  growth. 

3. — Radiation,  i  e.,  intensity  of  sunlight,  increases  transpiration  in 
almost  direct  proportion. 

4. — Transpiration  varies  almost  directly  with  the  saturation  deficit 
(i.  e.,  1  —  relative  humidity). 

5. — Cool  weather  plants  such  as  wheat,  barley,  rye,  oats,  etc.,  use  a 
minimum  of  water  in  cool  weather  and  a  maximum  in  warm  weather. 

6. — Warm  weather  plants  such  as  corn,  millet,  rice,  sorghums,  etc.,  use 
a  minimum  of  water  in  warm  weather  and  a  maximum  in  cool  weather. 

7. — Wind  movement  increases  plant  consumption. 

8. — A  lack  of  carbon  dioxide,  the  presence  of  parasites,  frequent 
cropping  or  any  other  deleterious  influence  will  increase  the  water 
consumption. 

By  far  the  most  extensive  experiments  on  the  water  consumption  of 
plants  are  those  of  Messrs.  Briggs  and  Shantz*  at  Akron,  Colo.,  1911-15. 

*  Joui~nal  of  Agrimiltural  Research,  Vol.   3,   No.   1,   and  Bulletin  285,  Bureau 
of  Plant  Industry,  tj.  S.  Department  of  Agriculture. 
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The  method  followed  was  to  grow  plants  in  suitable  pots,  with  their 
surfaces  sealed  by  wax.  A  record  of  the  amount  of  water  supplied 
during  growth  was  kept.  At  maturity  the  plants  were  removed  and 
kiln-dried.  The  consumption  is  expressed  in  pounds  of  water  per 
pound  of  dry  matter  or  grain  produced.  Table  1  gives  a  summary  of 
the  results  thus  secured. 

TABLE  1.— Plakt  Consumption  in  Pounds  op  Water  per  Pound  of 

Kiln-Dried  Matter  and  of  Grain  Obtained  at 

Akron,  Colo.,  1911-12-13. 


Crop  (Mean  of  Genus). 


f  Proso 

Millet 

Sorghum 

Grains  ->  ^°™ 

urains    ,  vvheat 

I  Barley 

Oats 

[Rye 

f  Sweet  Clover 

I  Vetch 

Hay        -J  Red  and  Crimson  Clover 

I  Alfalfa,  four  varieties. . . 

[Wheat  and  Biome  Grass 

Tubers  *  ^^i^^^  Beets 

iuoers  (Potatoes 

I  Tumble  Weed 

j  Furslane 

I  Buffalo  Grass 

Weeds  -j  Russian  Thistle 

Mountain  Sage 

I  Sunflower 

t  Western  Ragweed 


Pounds  of 

WATER  PER 

POUND  OF 

Grain. 

Whole  plant. 

454 

393 

483 

310 

767 

323 

1  aao 

368 

1  350 

513 

1  400 

534 

1  SuO 

597 

3  OUO 

685 

770 

794 

797 

831 

861 

397 

636 

287 

292 

308 

336 

616     ■ 

683 

948 

In  applying  the  results  obtained  at  Akron  to  any  particular  locality, 
a  comparison  of  climatic  conditions  will  indicate  whether  or  not  addi- 
tions or  reductions  should  be  made.  Por  forage  crops,  the  consumption 
ratio  must  be  reduced  to  terms  of  cured  hay,  instead  of  dry  matter. 
Ordinarily  about  70%  of  the  consumption  for  dry  matter  can  be  used 
with  safety. 

Making  this  reduction,  for  alfalfa  and  clover  the  water  consumption 
is  0.42  ft.  in  depth  per  ton  of  cured  hay  produced.  For  the  grains,  wheat 
will  require  0.03  ft.;  oats,  0.02  ft.;  rye,  0.04  ft.,  and  barley  and  corn, 
0.025  ft.  in  depth  per  bushel  of  yield. 

With  these  data,  it  is  possible  to  determine  for  any  particular 
locality,  crop  classification  and  yields,  the  approximate  amount  of  water 
that  will  be  required  for  plant  growth. 
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The  monthly  rate  at  which  water  is  consumed  may  be  taken  as 
approximately  proportional  to  the  monthly  increment  to  temperature 
during  the  period  of  growth.  Thus,  assuming  that  growth  begins  April 
1st,  the  total  plant  consumption  may  be  distributed  in  proportion  to  the 
increase  of  monthly  temperature  over  that  of  March. 

Evaporation. — Having  determined  the  amount  of  water  consumed  in 
plant  growth,  it  is  necessary  to  determine  the  losses  incident  to  supply- 
ing that  quantity  to  the  plants.  The  three  sources  of  loss,  viz.,  evapora- 
tion, percolation  and  surface  waste,  will  be  considered  in  order. 

As  previously  stated,  evaporation  is  under  the  partial  control  of  the 
irrigator.  A  great  saving  can  be  made  by  irrigating  in  deep  furrows, 
by  cultivation  and  maintaining  a  mulch  on  the  surface.  For  alfalfa 
hay,  the  water  should  be  applied  just  before  cutting  in  order  to  start  the 
second  crop.  The  old  plants  shade  the  ground  and  diminish  the  effect 
of  wind,  thus  greatly  reducing  evaporation. 

Evaporation  is  considered  in  three  phases  according  to  the  origin 
of  the  water  evaporated : 
1. — From  precipitation. 

2. — From  irrigation  water  at  the  time  of  application. 
3. — From  soil  storage,  i.  e.,  water  raised  by  capillary  action  to  the 
surface  and  then  evaporated. 

The  amount  of  precipitation  evaporated  can  only  be  fixed  arbitrarily. 
Light  summer  showers  may  all  be  lost,  and  of  heavier  rains  from  20  to 
75%  is  likely  to  be  dissipated.  In  duty-of- water  calculations  it  is  only 
practicable  to  consider  the  normal  monthly  precipitation.  The  follow- 
ing  formula   will   give    approximate   results   for   temperatures    above 

freezina;:  t       . 

K   =--  sj  li (1) 

lUO  ^   ^ 

Where  E^  ^=  Evaporation  from  precipitation,  in  inches  per  month ; 
T   =  Mean  monthly  temperature,  in  degrees  Fahrenheit ; 
R  =  Monthly  precipitation,  in  inches. 

The  amount  of  irrigation  water  evaporated  immediately  following 
its  application  will  depend  on  the  condition  of  the  soil,  nature  of  crops 
and  method  of  its  application.  When  water  is  first  applied  the  rate  of 
evaporation  is  high,  but  the  quantity  available  for  evaporation  rapidly 
diminishes  as  the  water  soaks  into  the  soil.     Once  in  the  soil,  it  can 
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only  be  evaporated  by  being  raised  to  the  surface  by  capillarity  when  the 
surface  becomes  drier  than  the  soil  below.  Experiments  show  that  10% 
of  the  amount  applied  is  a  conservative  figure  for  gently  rolling 
or  level  lands.  For  steeper  lands,  from  15  to  25%  may  be  allowed. 
Losses  in  excess  of  these  quantities  are  readily  prevented  and  cannot  be 
considered  a  beneficial  use  of  water. 

Evaporation  from  soil  storage  constitutes  the  most  important  source 
of  loss.  It  has  been  found  that  there  is  a  fairly  definite  relation 
between  the  amount  of  evaporation,  the  moisture  content,  and  tem- 
perature of  the  top  soil  layer.  This  relation  is  practically  independent 
of  the  nature  of  the  soil. 

When  the  water-table  is  within  the  zone  of  capillary  rise,  there  is  a 
certain  moisture  content  in  the  top  layer  which  depends  upon  the  height 
of  capillary  rise  for  that  particular  soil,  and  the  position  of  the  water- 
table.  For  a  soil  of  uniform  texture,  the  free  moisture  content  may,  for 
practical  purposes,  be  considered  to  vary  uniformly  from  saturation  at 
the  water-table  to  zero  at  the  limit  of  capillary  rise.  For  example, 
consider  a  soil  with  40%  voids  and  of  such  fineness  that  the  limit  of 
capillary  rise  is  5  ft.  If  the  water-table  is  5  ft.  below  the  surface,  the 
free  moisture  content  at  the  surface  will  be  zero  and  there  will  be  no 
evaporation.  If  the  water-table  should  rise  to  4  ft.,  the  free  moisture 
content  of  the  top  layer  becomes  one-fifth  that  at  saturation,  or  8%  by 
volume,  and  evaporation  soon  begins. 

The  soil  properties  required  for  the  determination  of  evaporation  are 
the  percentage  of  voids  and  the  limit  of  capillary  rise.  The  latter  will 
vary  somewhat  with  temperature  but  will  be  found  to  have  values  vary- 
ing from  a  few  inches  in  coarse  sands  to  10  ft.  or  more  in  fine  silts  and 
clays.  It  can  be  determined  by  packing  soils  in  long  glass  tubes  closed 
at  the  bottom  with  muslin.  The  bottoms  are  then  set  in  a  shallow  tank 
of  water  and  the  height  to  which  the  water  rises  is  observed.  It  may 
require  several  months  to  determine  this  limit  in  the  finer  soils. 

The  results  secured  by  Charles  H.  Lee,*  M.  Am.  Soc.  C.  E.,  in  Owens 
Valley,  California,  constitute  the  only  data  on  soil  evaporation  extending 
over  an  entire  year.  His  results  also  include  the  transpiration  of  salt 
grass.  The  loss  was  measured  from  buried  tanks  in  which  the  water- 
table  was  maintained  at  various  levels.  In  Table  2  is  given  a  summary 
of  his  results. 

*  Water  Supply  Paper  No.  29Ji,  U.  S.  Geological  Survey. 
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TABLE  2. — Owens  Valley  Soil  Evaporation. 


XB 

^% 

< 

Evaporation  pee  month,  in  inches,  from  Tank  No.: 

Period. 

1 

2 

3 

4 

5 

6 

7 

Average 

depth  to  ground 

-water, 

n  inches 

15 

59 

54 

47 

35 

23 

16 

1910 

73 

78 
77 
70 
59 
48 
43 

42 
37 
50 
54 
59 

3.3 
3.6 
4.3 
4.4 
3.7 
3.6 
3.4 

3.5 
3.3 
3.1 
3.3 
3.6 

0.2 
0.9 
2.1 
1.5 
0.9 
0.4 
0.2 

0.3 
0.1 
0.1 
0.3 
1.1 

1.9 
3.7 
4.6 
3.8 
2.3 
0.9 
0.6 

0.4 
0.5 
0.5 
l-.l 
2.3 

1.8 
4.1 
5.2 
3.5 
2.3 
1.2 
0.6 

0.3 
0.1 
O.l 
1.1 
8.0 

1.6 

4.2 
6.7 
5.3 
3.5 
1.4 
0.6 

0.4 
0.2 
0.2 
1.7 
4.7 

4.2 
5.6 
8.0 
8.4 
3.9 
1.5 
0.4 

0.3 
0.4 
0.7 
3.2 
6.0 

5.3 

July 

5.7 

7.3 

September 

5.7 

4.0 

2.1 

1.0 

1911 

0.6 

0.7 

March 

1.5 

April 

3.7 

May 

5.6 

57.4 

39.9 

8.0 

22.5 

23.3 

30.5 

42.6 

43.3 

In  the  absence  of  more  complete  information,  the  following  formula 
for  soil  evaporation  is  presented.  The  only  claim  for  it  is  that  it 
approximately  fits  the  results  of  Lee's  experiments  in  Owens  Valley. 


E,.  =  0.18 


1_  — )(r_  32)  A' 


(2) 


in  which 


£'^i=  Evaporation  from  soil,  in  inches  per  month ; 
d  =  Depth  to  the  water-table ; 
H  =  Height  of  capillary  rise; 
T  =  Mean  monthly  temperature; 

K  =  Factor  having  a  value  of  unity  for  the  Owens  Valley 
experiments. 

The  results  obtained  by  R.  B.  Sleight,*  Jun.  Am.  Soc.  C.  E.,  at  the 
Denver  laboratories  indicate  that  the  above  formula  would  be  approxi- 
mately applicable  to  them  if  the  results  covered  an  entire  year.  Indi- 
vidual months  are  likely  to  be  in  error  where  air  temperatures  are  used, 
but  in  the  entire  year  such  errors  are  compensating. 


*  "Evaporation  from  the  Surfaces  of  "Water  and  River-bed  Materials",  Journal 
of  Agricrdtural  Research,  July  30th,  1917. 


468  DUTY  OF  WATER  IN  THE  PACIFIC  NORTHWEST  [Papers. 

The  following  shows  the  agreement  between  the  evaporation  by  the 
formula  and  that  measured  in  Owens  Valley  for  the  year  from  June, 

1910,  to  May,  1911,  inclusive: 

Percentage 
Tank  No.  Observed.  By  Formula.  of  Error. 

1 39.9 46.1 +  14 

2 8.0 17.3 +  116 

3 22.5.. 20.3 —  10 

4 23.3 25.0 +  7 

5 30.5 31.9 +  4 

6 42.6 40.3 —  5 

7 43.2 45.8 +  6 

The  soil  in  Tanks  1  and  2  was  stratified  sand  and  clay.  In  the 
other  tanks  the  soil  was  of  uniform  texture,  a  "mixture  of  clay,  soil 
and  fine  sand".  Tank  1  was  covered  with  30  in.  of  clean  river  sand  and 
the  water-table  was  always  in  this  sand,  while  the  others  were  covered 
with  the  original  salt  grass  sod.  This  explains  the  error  of  the  formula 
as  applied  to  Tanks  1  and  2. 

Where  ground-water  is  not  in  evidence,  the  formula  may  be  written 

O.IS 
E„  =  —^M{T-'i2)K (3) 

in  which 

V  ==  Percentage  of  voids  in  the  soil ; 

il/  =  Free  moisture  content   of  the   soil,   in   percentage   by 
volume. 

If  the  soil  is  shaded  by  crops  or  is  covered  with  a  mulch  or  well 
cultivated,  a  substantial  reduction  must  be  made.  This  is  provided  for 
by  the  factor  K  which  has  decreasing  values  as  the  crop  growth 
advances.  Since  crop  growth  is  largely  influenced  by  temperature,  the 
factor  K  may  be  expressed  in  terms  of  mean  monthly  temperature.  The 
following  is  suggested  for  the  case  of  diversified  farm  crops  well 
cultivated : 

^^'=  1-4^(3^-32) (4) 

Percolation. — Percolation  is  from  two  sources:  (1)  irrigation  water, 
and  (2)  precipitation. 

It  has  been  thoroughly  demonstrated  in  practice  that  the  amount  of 
irrigation  water  lost  by  percolation  is  entirely  under  the  control  of  the 
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irrigator,  provided  his  supply  is  sufficiently  elastic  to  permit  him  to 
adopt  the  proper  methods  of  application. 

In  the  arid  regions  enough  percolation  from  both  sources  must 
occur  to  overbalance  the  evaporation  from  soil  storage.  If  this  is  done, 
there  can  be  no  accumulation  of  alkali  in  the  upper  soil  layers.  Any 
percolation  in  excess  of  that  required  to  prevent  alkali  accumulations 
cannot  be  considered  a  beneficial  use  of  water. 

The  amount  of  percolation  from  precipitation  is  governed  by  three 
factors : 

1. — Topography. 

2. — Character  of  soil  and  crops. 

3. — Amount  and  character  of  precipitation. 

In  the  arid  regions  there  is  comparatively  little  loss  from  this  source. 
During  snowfall,  jpercolation  is  deferred  until  snow  melting  occurs  and 
the  frost  is  out  of  the  ground. 

The  following  formula  may  be  used  to  give  approximate  results  for 
monthly  values  of  precipitation  more  than  1  in. ;  for  values  less  than  1 
in.  it  may  safely  be  assumed  that  there  will  be  no  loss. 

^^.  =  ^(^-1)^ (5) 

in  which 

P,-  =  percolation  from  precipitation,  in  inches  per  month; 
R  =  monthly  precipitation,  in  inches. 

A'^  is  a  factor  having  the  following  values : 

For  level  or  gently  rolling  lands  of  sandy  loam 1.0 

For  steeper  slopes  of  clay  soils 0.7 

For  very  sandy  or  gravelly  lands 1.5 

Percolation  from  both  precipitation  and  irrigation  water  continues 
throughout  the  year,  as  evidenced  by  measured  outflow  from  drains. 
The  calculations  for  duty  of  water  are  greatly  simplified  if  percolation 
is  assumed  to  occur  simultaneously  with  the  evaporation  losses  from 
soil  storage.  After  the  total  amount  for  the  year  has  thus  been  deter- 
mined, it  may  be  redistributed  in  accordance  with  the  following  average 
percentages  of  the  total: 
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Month.  Percentage.  Month.  Percentage. 

January   4  July 13 

February 4  August   13 

March   6  September   12 

April    7  October   8 

May   10  November 6 

June 12  December   5 


The  year 100 


Surface  Waste. — This  loss  is  also  from  the  same  two  sources — irriga- 
tion water  and  precipitation.  That  from  irrigation  water  is  entirely 
under  the  control  of  the  irrigator,  and  although  it  is  possible  to  eliminate 
all  loss  from  this  source  it  is  not  practicable  to  do  so. 

Surface  waste  from  nearly  a  thousand  separate  tracts  was  measured 
in  Idaho  by  Mr.  Don  H.  Bark*  during  his  "Duty  of  Water  Studies"  for 
that  State.  As  a  result  of  these  investigations,  Mr.  Bark  states  that 
"under  Idaho  conditions,  from  7^  to  12 J%  of  the  amount  applied  should 
be  allowed  in  water  right  contracts" '  for  surface  waste.  On  level  or 
gently  rolling  land,  about  10%  may  be  taken  as  a  liberal  figure.  On 
steeper  lands  an  allowance  of  15%  of  the  amount  applied  may  be  justi- 
fied. On  sandy  or  gravelly  soils,  these  figures  should  be  halved,  and  on 
clay  soils  they  should  be  increased  one-third. 

The  surface  waste  from  precipitation  is  generally  called  run-off, 
and  is  governed  by  the  same  factors  as  percolation  from  precipitation, 
but  in  different  degrees.    As  a  guide  the  following  formula  may  be  used : 

S,  =  ^ili-Q.5)F (6) 

Where  8,-  =  Surface  waste  from  precipitation,  in  inches  per  month ; 
B    =  Monthly  precipitation,  in  inches. 

i^  is  a  factor  having  the  following  values : 

For  steeper  clay  soils 1.5 

For  gently  rolling  loams 1.0 

For  rolling  sandy  soils 0.5 

For  level  sandy  soils 0.2 

The  monthly  distribution  of  surface  waste  is  concurrent  with  the 
supply. 

*  Reports,  State  Engineer  of  Idaho,  1911-14. 
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Calculation  of  the  Net  Duty  of  Water. 

In  determining  the  duty  of  water  for  any  particular  set  of  conditions 
it  is  necessary  to  consider  the  entire  year,  not  the  irrigation  season 
alone.  Two  f  imdamental  criteria  will  be  advanced  by  which  the  correct- 
ness of  any  such  determination  may  be  judged.    They  are: 

1. — The  total  quantity  of  water  received  during  the  mean  year  must 
be  such  as  neither  to  increase  nor  deplete  the  soil  storage  beyond  a  pre- 
determined quantity  that  is  most  advantageous  to  plant  growth. 

2. — The  total  amount  of  percolation  must  overbalance  the  evapora- 
tion originating  from  soil  storage. 

In  applying  the  first  criterion,  it  is  necessary  to  determine  the  limits 
between  which  the  soil  storage  may  be  allowed  to  fluctuate  without  harm 
to  the  plants.  Then  fix  the  amount  of  irrigation  water  to  be  applied 
such  that,  after  adding  thereto  the  mean  precipitation  and  deducting 
therefrom  the  plant  consumption  and  necessary  losses,  the  amount  of 
water  in  soil  storage  remains  between  these  limits  and  at  the  end  of 
the  year  has  the  same  value  as  at  the  beginning. 

The  optimima  free  moisture  content  for  healthy  farm  crops  is  known 
to  be  such  that  the  soil  voids  are  from  40  to  60%  filled  with  water,  leav- 
ing the  remaining  space  for  air. 

The  minimum  free  moisture  content  is  a  quantity  that  will  just 
maintain  plant  growth  without  wilting.  The  wilting  point  was  found 
from  over  1  300  determinations,*  to  be  such  that  the  free  moisture  was 
one-half  the  hygroscopic  moisture.  The  minimum  free  moisture  content 
therefore  may  be  safely  taken  as  double  that  at  which  wilting  occurs, 
or  just  equal  to  the  hygroscopic  moisture. 

For  diversified  farm  crops,  it  is  only  necessary  to  consider  a  depth 
of  soil  equal  to  the  root  zone  of  plants,  and  experience  in  farm  drainage 
has  proven  that  5  ft.  should  be  kept  free  of  ground-water.  Therefore 
computations  may  be  safely  based  on  the  upper  5  ft.  of  soil. 

What  an  optimum  soil  moisture  of  60%  of  voids  filled  with  water, 
and  a  minimiim  soil  moisture  of  double  that  of  the  wilting  point,  mean, 
in  inches  of  depths  over  5  ft.  of  soil,  are  given  in  Table  3.  The  last  two 
columns  show  the  upper  and  lower  limits  between  which  the  soil  storage 
should  be  maintained. 

•  "Water  Requirements  of  Plants",  Bulletin  285,  Bureau  of  Plant  Industry,  U.  S. 
Department  of  Agriculture,  1913. 
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TABLE   3. — Optoium   and   Minimum   Free   Moistuke  in   5   Feet   of 
Typical  Soils,  Expressed  as  Depth  in  Inches  on  the  Land. 


Soil. 


Coarse  sand 

Fine  sand 

Sandy  loam 

Fine  sandy  loam 

Loam 

Clay  loam 

Clay 


Percentage 

of 

Voids. 


36 
38 
40 
45 
48 
.iO 
52 


Optimum  free 
moisture 
coment. 


13.0 
18.7 

14.4 

16.2 
17.3 
18.0 
18.7 


Minimum  free 
moisture 
content. 


0.5 
1.8 
8.9 
5.3 

6.8 

8.2 
8.5 


Some  of  the  coarser  soils  will  not  hold  the  optimum  moisture  con- 
tent by  capillarity.  Hence,  it  is  a  decided  waste  of  water  to  try  to  main- 
tain a  moisture  content  greater  than  the  capillary  capacity  of  the  soil  in 
question. 

The  second  criterion  is  based  on  the  fact  that  in  humid  regions 
where  the  percolation  exceeds  soil  evaporation,  there  are  no  surface 
accumulations  of  alkali.  On  the  other  hand,  such  accumulations  are 
always  in  evidence  wherever  the  upward  movement  of  water  in  the  soil 
is  not  overbalanced  by  the  downward  movement. 

With  these  two  criteria  as  a  guide,  it  is  possible  to  determine  the 
amount  of  water  required  to  maintain  any  desired  degree  of  soil  moist- 
ure, which,  in  effect  constitutes  the  net  Duty  of  Water.  This  quantity 
is  the  amount  required  to  balance  the  receipts  and  disbursements  of 
water  on  the  land  during  the  mean  year. 

The  physical  factors  that  must  be  knovpn  in  advance  are: 

1. — Soil  characteristics  as  to  porosity,  height  of  capillary  rise, 

capillary  capacity,  depth  and  iniiformity  of  texture. 
2. — Topography. 

3. — Mean  monthly  and  mean  annual  temperature. 
4. — Mean  monthly  and  mean  annual  precipitation. 
5. — Probable  crops  and  yields. 

In  making  the  calculations  we  may  first  arrive  at  approximate  values 
by  using  the  mean  annual  climatic  factors. 

Let  R  =  Mean  annual  precipitation ; 

/  =  Irrigation  water  to  be  applied  (net  duty) ; 
C  =  Total  annual  plant  consumption; 
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Pi  and  Pr  =  Total  annual  percolation  loss  from  irrigation  water 
and  from  precipitation,  respectively; 

Si  and  Sr  =  Total  annual  surface  waste  from  irrigation  water  and 
from  precipitation,  respectively; 

Ei,  Ej.,  Ey  =  Evaporation  from  irrigation  water,  precipitation  and 
soil  storage,  respectively. 

Balancing  the  total  water  receipts  and  disbursements  on  the  land,  we 

may  write: 

I^Ii  =  C+(P,+Pr)  +  (Si  +  .SV)  +  (Ei  +  E,  +  E,)....(7) 

In  this  expression,  B  and  C  are  known,  independent  quantities,  Ej.j 
Pr  and  Sr  may  be  found  in  terms  of  R ;  also  E^  and  Si  may  be  expressed 
in  terms  of  I.    From  the  second  criterion,  we  also  have: 

P,         +         P,  >  Eg (8) 

But  as  Eg  is  itself  a  function  of  both  /  and  li  and  the  monthly  tem- 
peratures, a  tentative  solution  only  is  possible. 

It  will  be  found  that  the  net  duty,  I,  will  be  given  in  terms  of  either 
average  soil  moisture  content  or  of  the  position  of  the  water-table,  which 
in  turn  is  an  index  of  the  soil  moisture  above  it. 

Hence,  if  we  can  determine  the  most  advantageous  soil  moisture  con- 
tent for  the  particular  case  in  hand,  we  may  fix  I,  the  net  duty  of  water. 

Calculated    Duty    for   the    Boise    Puoject, 
United  States  Reclamation  Service, 

The  application  of  the  foregoing  principles  will  be  illustrated  by  a 
concrete  example.  The  Boise  Project  in  Idaho  will  be  used,  since  the 
duty  of  water  there  has  been  fairly  well  determined. 

Plant  Consumption. — The  crop  statistical  reports  of  the  United 
States  Reclamation  Service  were  averaged  for  the  years  1914-1917  in- 
clusive. The  acreage  used  is  that  of  1917,  The  plant  consumptions  as 
determined  at  Akron,  Colo.,  were  applied  without  reduction  for  climatic 
differences. 

As  shown  in  Table  4,  a  mean  plant  consumption  of  1.00  ft.  or  12.7 
in.  per  year  was  indicated.  In  distributing  this  amount  it  is  assumed 
that  growth  begins  on  April  1st,  and  that  the  distribution  is  proportional 
to  the  increase  of  mean  monthly  temperature  over  that  of  March,  as  in 
Table  5. 
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TABLE  4. — Average  Plant  Consumption,  Boise  Project. 


Crop. 


Alfalfa 

Barley 

Clover 

Corn 

Mixed  hay., 

Oats 

Pasture 

Wheat 

Total, 


34  090 
3  330 
7  680 
1  410 
510 
3  210 
6  550 

25  680 


83  350 


Yield  per 
acre. 


3.9  tons 

20.4  bu. 

3.03  tons 
37.9  bu. 

1.4  tons 

25.5  bu. 

21.2  bu." 


Plant  Consumption. 


Depth,  in 
feet. 


1.66 
0.50 
0.84 
0.97 
0.62 
0.48 
0.50 
0.63 


Acre-feet. 


56  800 
1  610 
6  430 
1  370 
320 
1  540 
3  280 

16  100 


87  450 


TABLE  5. — Distribution  of  Mean  Plant  Consumption. 


Month. 


March 

April 

May 

J  une 

July 

August 

September 

October 

The  season 


Mean  monthly 

temperature, 

T. 


r— 43 


139 


Percentage 
of  total. 


100 


Inches. 


0.8 
1.6 
2.2 

2.8 
2.8 
1.8 
0.7 


13.7 


Precipitation. — The  losses  from  precipitation  and  the  net  amount 
going  to  soil  storage  are  next  found  from  Formulas  (1),  (3)  and  (4),  as 
in  Table  6. 

TABLE  6. — Total  Loss  and  Amount  of  Soil  Storage. 


Month. 


January. . . 
February.. 

March 

April 

May 

June 

July 

August 

September, 

October 

November. 
December. 

Total 


R 

T 

Er 

Pr 

s. 

Total 
lost. 

1.9 

29.3 

0.4 

0.1 

0.4 

0.9 

1.4 

33.8 

0.4 

0.0 

0.3 

0.7 

1.4 

42.3 

0.5 

0.0 

0.3 

0.8 

1.3 

50.1 

0.5 

0.1 

0.3 

0.8 

1.3 

57.6 

0.7 

0.0 

0.3 

0.9 

0.9 

66.0 

0.6 

0.0 

0.1 

0.7 

0.2 

73.8 

0.2 

0.0 

0.0 

0.2 

0.3 

71.8 

0.3 

0.0 

0.0 

0.3 

0.4 

61.9 

0.4 

0.0 

0.0 

0.4 

1.3 

50.3 

0.6 

0.1 

0.3 

0.9 

0.8 

39.6 

0.3 

0.0 

0.1 

0.5 

1.8 

33.2 

0.4 

0.1 

0.4 

0.9 

12.8 

50.6 

5.2 

0.4 

2.2 

7.8 

To  soil 
storage 


1.0 
0.7 
0.6 
0.4 
0.4 
0.3 
0.0 
0.0 
0.0 
0.4 
0.4 
0.9 


5.0 
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Soil  Evaporation. — This  is  found  from  Formulas  (3)  and  (4).  The 
soil  is  assumed  to  average  5  ft.  in  depth  and  to  be  of  level  or  gently- 
rolling  sandy  loam.  An  average  soil  porosity  of  40%  was  used.  The 
water-table  was  assumed  to  be  either  naturally,  or  kept  by  drainage, 
below  the  5-ft.  level. 

The  monthly  expressions  for  evaporation  from  soil  storage  are  thus 
found  as  in  Table  7. 

TABLE  7. — Monthly  Evaporation  from   Soil  Storage,  Eg. 


Month. 


January 

February 

March 

April 

May 

June 

July 

August 

September 

October  

November 

December 

The  year 


T— 32 

K 

0.0 

1.00 

1.6 

0.98 

12.2 

0.8.T 

IS.l 

0.78 

25.4 

0.64 

34.0 

0.58 

40.8 

0.49 

39.8 

0.51 

29.9 

0.64 

18.3 

0.77 

7.6 

0.91 

0.2 

1.00 

17.6 

0.76 

0.0 

0.7  M 
4.6  M 
6.3  M 
7.3  M 
8.9  M 

9.0  Af 

9.1  M 
8.6  M 
6.3  M 
3.1  M 
0.0 


5.36  M 


The  last  column  shows  the  multipliers  of  the  average  monthly  free 
soil  moisture  content,  M,  to  obtain  the  soil  evaporation  for  that  month. 

In  order  definitely  to  fi:x  the  amount  of  irrigation  water  to  be  applied, 
first  fix  the  desired  average  amount  of  soil  moisture  to  be  maintained. 
_The  distribution  of  moisture  in  the  soil  is  anything  but  uniform,  and 
there  is  always  a  movement  of  moisture  from  the  wet  to  the  dry  soil  by 
capillary  action.  It  is  only  practicable,  however,  to  consider  the  average 
monthly  free  moisture  content  in  these  calculations. 

Now  substitute  in  Equation  (7)  the  values  already  determined,  and, 
since  Pr  is  small,  place  P^  =  Eg,  also  Ei  and  Si  each  equal  0.1  I,  to 
obtain  the  net  duty  in  terms  of  average  soil  moisture : 

I  =  2.5  Eg  +  9.5 (9) 


Now  substitute  for  Eg  twelve  times  its  mean  annual  value  and 
/  =  160  M  +  9.5 


(10) 


From  Equation  (10)  it  is  evident  that  to  maintain  an  average  soil 
moisture  of  10%,  or  M  =  0.1,  requires  25.5  in.  of  irrigation  water;  12i% 
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requires  29.5  in.,  and  15%  requires  33.5  in.     These,  however,  are  only 
tentative  values  for  selecting  a  trial  value  of  I. 

The  proper  average  soil  moisture  for  the  standard  farm  crops  is  a 
fruitful  line  of  research  on  which  there  are  little  or  no  actual  data.  It 
is  believed  for  the  case  in  hand  that  an  average  soil  moisture  of  12  to 
14%  should  be  maintained,  hence  a  trial  value  of  7  =  30  in.  will  be 
taken  with  the  monthly  distribution  indicated  in  Table  8. 

TABLE  8. — Monthly  Distribution. 


Month. 


April 

May 

June 

July 

August.  . . . 
September 
October . . . 


1.2 
3.6 
5.4 
6.9 

7.2 
3.9 
1.8 


30.0 


Now  deduct  the  plant  consumption  and  all  determined  losses  from 
the  sum  of  R  and  I;  the  remainder  is  the  amount  lost  by  soil  evaporation 
and  percolation  of  irrigation  water.  In  the  first  calculation,  P^  and  E,, 
are  assumed  to  be  concurrent  losses.  A  probable  value  for  soil  moisture 
for  April  is  assumed  as  desirable  at  the  beginning  of  the  irrigation  sea- 
son. This  percentage  of  soil  moisture  is  applied  to  the  multiplier  for  Eg 
(Table  7)  in  order  to  obtain  the  value  of  Eg  for  the  succeeding  month. 
Double  this  quantity  (2  Eg)  is  then  deducted  from  the  remainder  avail- 
able for  Pi  and  Eg,  to  obtain  the  increment  or  decrement  to  soil  storage 
which,  in  turn,  gives  the  soil  moisture  increment  or  decrement  from 
which  the  average  soil  moisture  for  the  next  month  is  obtained.  In  this 
manner,  by  repeated  trials,  a  value  of  soil  moisture  at  the  beginning  of 
the  season  is  found  such  that  the  total  soil  evaporation  Eg  is  equal  to 
half  the  remainder  available. 

The  monthly  values  of  soil  moisture  must  remain  within  the  pre- 
scribed limits  of  optimum  and  minimum  values  heretofore  established 
and  the  algebraic  sum  of  the  increments  thereto  must  be  zero.  If  this 
cannot  be  obtained  with  the  assumed  value,  a  new  value  of  I  is  tried 
until  a  value  is  found  that  will  balance  the  receipts  and  disbursements 
of  the  soil,  maintain  the  soil  storage  between  the  prescribed  limits  and 
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neither  increase  nor  deplete  the  total  soil  storage  during  the  year.  After 
this  is  found  the  percolation  loss  is  redistributed  by  months  in  accord- 
ance with  the  schedule  of  monthly  percentages  previously  given,  and 
the  necessary  adjustments  in  soil  moisture  are  made. 

Table  9  shows  the  balance  sheet  for  the  Boise  Project  so  obtained; 
and  in  Fig.  1  the  principal  data  are  shown  graphically. 


TABLE  9. — Balance  Sheet,  Boise  Project. 


Receipts. 

Disbursements, 

1 

Surface 
waste, 

«+.*?, 

r        t 

in  inches. 

Plant  con- 
sumption, 
C.  in 
inches. 

Total, 

in 
inches. 

Percent- 

Month. 

m  inches. 

tion 
E^  +  E^ 

+  \- 
in  inches. 

Percola- 
tion, 

in  inches. 

age  of 
average 

soil 
moisture. 

January.... 
February  . . 

March 

April 

May 

June 

July 

August 

September.. 

October 

November.. 
December.. 

1.9 
1.4 
1.4 
3.4 
4.9 
6.3 
7.3 
7.4 
4.3 
3.1 
0.8 
1.8 

0.4 

0.5 

1.15 

1.4 

1.95 

2.15 

2.0 

3.1 

2.0 

1.6 

0.7 

0.4 

0.4 

0.35 

0.5 

0.65 

0.8 

1.0 

1.05 

1.05 

1.0 

0.75 

0.5 

0.5 

0.4 
0.3 
0.3 
0.3 
0.6 
0.6 
0.7 
0.7 
0.4 
0.4 
0.1 
0.4 

'6!8 

1.6 
2.2 
2.8 
2.8 
1.8 
0.7 

1.2 

1.15 

1.95 

3.15 

4.95 

5.95 

6.55 

6.65 

5.2 

3.45 

1.3 

1.3 

13.4 
13.8 
12  9 
11.7 
11.8 
12.2 
13.1 
14.3 
12.8 
12.2 
11.4 
12.2 

The  year.. 

42.8 

16.35 

8.55 

5.2 

12.7 

42.8 

12.7 

Summarizing  the  various  quantities.  Table  10  is  obtained. 
TABLE  10.— Summary. 


Depth,  in  inches. 

Percentage 
of  total. 

Receipts: 

30.0 

12.8 

42^8 

100 

Disbursements: 

12.7 
16.35 

30 

E^  5.2 
E^  3.0 

38 

Percolation P^  0.4 

P^  8.15 

8.55 

20 

Surface  waste S^.  2.2 

S,-  3.0 

5.3 

12 

Total  

30  !i 

42.8 

70 
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Note  that  the  total  percolation  loss  of  8.55  in.  overbalances  the  soil 
evaporation  loss  of  8,15  in.  by  5%,  and  that  all  the  other  criteria  out- 
lined are  complied  with. 

In  order  to  judge  of  the  consistency  of  these  figures,  a  study  was 
made  of  the  actual  use  of  water  and  crop  statistics  of  three  projects  of 
the  United  States  Eeclamation  Service  for  the  four  years  1914-1917,  in- 
clusive, with  the  results  given  in  Table  11. 


Pig.   1. 

On  the  Klamath  Project  only  48%  of  the  total  water  received  was 
lost.  The  soil  on  this  project  is  such  that  the  danger  of  waterlogging 
the  land  has  led  the  irrigators  to  use  a  comparatively  small  quantity  of 
water,  about  1,0  ft,  being  artificially  applied. 

On  the  Boise  Project  the  average  water  received  was  42.5  in.,  of 
which  72%  was  lost.     In  the  previous  analysis,  a  total  receipt  of  42.8 
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TABLE  11. — Summary  of  Crop  Yields,  Water  Received  and  Dis- 
bursed ON  Three  U.  S.  Reclamation  Service  Projects. 


Year. 

Acreage 
reported: 

Total 

water 

received, 

in  feet.* 

Plant  con- 
sumption, 
in  teet. 

Losses. 

Project. 

Depth, 
in  feet. 

Percentage 
of  total. 

Klamath 

1914 
1915 
191(5 
1917 

Mean . . 

1914 
1915 
1916 
1917 

Mean . . 

1914 
1915 
1916 
1917 

Mean.. 

23  850 
26  810 
29  020 
82  510 

1.51 
1.41 
1.29 
1.13 

0.77 
0.69 
0.63 
0.73 

0.74 
0.72 
0.66 
0.40 

49 

•      51 
51 
35 

Boise 

28  050 

54  290 
66  400 
47  830 
82  350 

1.34 

3.09 
3.38 
4.10 
3.65 

0.70 

0.87 
0.96 
1.17 
1.06 

0.64 

2.22 
2.42 
2.93 
2.39 

48 

72 

72 
71 
71 

67  720 

38  330 

37  610 

38  250 
37  190 

3.55 

3.38 
8.29 
3.42 
3.20 

1.01 

0.98 
0.90 
1.01 
1.06 

2.54 

2.40 
2.89 
2.41 
2.14 

72 
71 

73 

70 
67 

37  850 

3.32 

0.99 

2.33 

70 

*  Includes   precipitation. 

in.  was  determined  as  necessary,  of  which  70%  is  lost.  Of  this  amount 
12.8  in.  is  precipitation  and  30  in.  is  irrigation  water.  The  agreement 
between  the  theoretical  requirements  and  the  average  used  during  the 
four  years  is  striking. 

Mr.  Bark's  conclusions  are  that:  "The  duty  for  projects  planted  to 
diversified  crops  on  the  average  clay  loam  soils  of  South  Idaho  should 
be  sufficient  so  that  2  acre-feet  can  be  retained  on  each  irrigated  acre" 
and  that  a  waste  of  12^%  should  be  provided  to  individuals  over  and 
above  that  amount.  This  makes  27  in.,  which  is  comparable  with  the 
analytically  determined  duty  for  the  Boise  District  of  30  n. 

In  conclusion  it  is  well  to  remember  that  no  hard  and  fast  rules  can 
be  laid  down,  and  exact  formulas  cannot  be  devised.  Such  an  analysis 
as  that  here  outlined  is  a  study  in  nice  approximations  in  which 
consistency  and  common  sense  play  important  parts.  Such  analyses  are 
necessarily  based  on  the  average,  or  mean  climatic,  year.  No  season 
exactly  parallels  the  mean  year.  In  dry  years  the  amount  of  irrigation 
water  should,  theoretically,  be  increased  and  during  wet  years  it  should 
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be  reduced.  These  yearly  variations,  however,  can  rarely  be  taken  into 
consideration  in  the  design  of  irrigation  works.  The  only  practicable 
method  is  to  base  the  design  on  the  mean  requirements  and  add  a  margin 
of  safety  for  contingencies. 

In  the  application  of  water  to  crops,  there  is  a  growing  tendency  to 
follow  more  scientific  methods  and  thus  eliminate  unnecessary  waste. 
The  amount  of  soil  moisture  is  the  best  possible  index  of  the  necessity 
for  irrigation  and  also  of  the  amount  to  be  applied.  Heretofore  this 
index  has  not  been  generally  used  because  of  the  difficulty  with  which 
the  amount  of  soil  moisture  could  be  determined.  In  this  connection, 
it  is  perhaps  fitting  to  add  that  the  writer  has  recently  designed  a  soil 
moisture  indicator.  This  instrument  is  intended  to  be  placed  in  the 
ground  permanently,  and  indicates  at  the  surface  the  relative  amount 
of  free  moisture  in  the  soil  at  any  desired  depth. 
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Discussion* 


By  Dabney  H.  Maury,  M.  Am.  Soc.  C.  E.f 


Dabkey  H.  Maury,:}:  M.  Am.  Soc.  C.  E.  (by  letter). ||— Mr.  Dunham^  Mr. 
asks  whether,  with  the  experience  thus  far  gained,  the  writer  would,  on  ^^'^^' 
a  similar  demand  for  advice  to  the  Government,  recommend  the  same 
per  capita  allowance.  To  this  the  writer  would  unhesitatingly  reply 
that,  under  similar  conditions,  he  would.  This  answer  should  not, 
however,  be  construed  to  ai^ply  without  exception  to  all  sorts  of  Gov- 
ernment activities,  in  peace  as  well  as  in  war. 

In  time  of  peace,  restrictive  regulations  and  military  discipline 
generally  are  apt  to  be  less  rigidly  enforced  than  in  time  of  war. 
Furthermore,  in  time  of  peace  it  is  exceedingly  unlikely  that  any  army 
post  would  be  garrisoned  to  its  full  capacity,  and  it  was  observed  in 
every  case  that  as  the  number  of  men  at  any  camp  was  reduced,  the  per 
capita  consumption  increased,  aild  vice  versa. 

The  capacity  of  the  water  system  should  be  great  enough  to  give 
each  man  his  proper  daily  allowance,  assiuning  the  camp  to  be  fully 
occupied.  Then,  if  a  large  number  of  men  are  ordered  away,  it  is 
to  be  expected  that  the  per  capita  consumption  will  increase,  because 
all  the  leakage  and  part  of  the  waste  will  continue  as  before;  but  there 

*  Discussion  of  the  paper  by  Dabney  H.  Maury,  M.  Am.   Soc.  C.  E.,  continued 
from  January,  1920,  Proceedings. 
t  Author's  closure. 
t  Chicago,  111. 

II  Received  by  the  Secretary,  February  13th,  1920. 
H  Proceedings,  Am.   Soc.   C.   E.,   September,   1919,  p.   664. 
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Mr.  will  still  be  enough  water  for  the  men  remaining,  and  the  increase  in 
Maury.  ^^^  capita  Consumption  will  not  have  nearly  so  bad  an  effect  as  would 
be  the  case  if  it  resulted  in  an  actual  shortage  of  water. 

It  was  the  writer's  observation  that,  as  a  rule,  the  per  capita  con- 
sumption at  the  older  and  permanent  posts  was  extravagantly  high, 
•  often  several  hundred  gallons  per  day.  This  was  due  in  part  to  the 
large  quantities  of  water  used  for  lawn  sprinkling;  in  part  to  seriously 
defective  plumbing,  especially  in  Coast  Defense  Fortifications,  where 
brackish  water  had  caused  many  leaks;  and  in  part  to  waste  of  water 
in  the  officers'  quarters. 

What  a  man  gets  for  nothing,  he  neither  appreciates  nor  conserves. 
If  all  the  officers'  quarters  were  metered,  with  water  furnished  free  to 
the  amount  of,  say,  50  gal.  per  day  for  each  occupant  of  the  quarters, 
and  a  good  stiff"  meter  rate  added  for  all  water  used  in  the  quarters 
in  excess  of  that  allowance,  much  could  be  accomplished  in  the  way 
of  reducing  the  consumption  at  these  army  posts. 

The  writer  is  well  aware,  however,  that  the  enforcement  of  this 
regulation  would  add  nothing  to  the  popularity  of  the  already  much- 
abused  Utility  Officer,  and  that  for  a  few  days  after  rendering  his 
monthly  water  bills,  he  might  feel  tempted  to  absent  himself  from 
the  officers'  mess  and  club. 

In  reply  to  Mr.  Dunham's  second  question,  the  writer  would  state 
that  the  water-works  systems  of  the  cantonments  were  designed  to 
furnish,  in  addition  to  one-quarter  of  the  peak  rate  of  domestic  con- 
sumption for  a  fully  occupied  camp,  water  for  fire  purposes  at  the 
rate  of  2  000  gal.  per  min.,  at  a  net  pressure  of  not  less  than  50  lb. 
per  sq.  in.  at  any  group  of  hydrants  on  the  distribution  system.  The 
fire-drill  regulations  made  it  the  definite  duty  of  certain  designated 
individuals  to  shut  off,  as  soon  as  the  fixe  alarm  was  sounded,  every 
fixture  from  which  water  might  be  drawn  for  purposes  other  than 
fire-fighting,  except  those  necessary  for  cooking  purposes.  There  were 
two  principal  mains,  480  ft.  apart,  running  through  each  regimental 
unit,  with  hydrants  spaced  only  215  ft.  apart  on  each  main,  so  that 
twelve  streams  could  be  concentrated  on  any  building  between  the 
mains,  without  laying  any  line  of  hose  longer  than  350  ft.  The  short- 
ness of  the  lines  of  hose  and  the  use  of  small  hose  nozzles,  only  |  in. 
in  diameter,  combined  to  give  very  small  friction  losses  through  the 
hose.  There  was  good  separation  of  buildings — 40  ft.  between  two- 
story  buildings,  and  30  ft.  between  one-story  buildings  or  between  a 
one-story  and  a  two-story  building.  There  were  also  fire  gaps  of 
300  ft.  between  brigade  units  or  groups  of  buildings.  Plenty  of  men 
were  available,  of  course,  to  handle  the  hose  and  the  hydrants. 

The  net  effect  of  all  these  specifications  was  that  any  building  could 
be  attacked  from  many  different  directions  by  a  large  number  of  fire 
streams,   with  good    nozzle   pressure   and   good   horizontal   projection 
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of  stream.     The  results  obtained  in  extinguishing  fires  and  in  keep-     Mr. 
ing  down  fire  losses  were  summarized  in  the  writer's  paper.* 

Mr.  J.  Waldo  Sinithf  asks  whether  the  writer  would  recommend 
the  form  of  contract  used  in  building  the  cantonments  for  general 
adoption  in  time  of  peace. 

That  form  of  contract  was  unquestionably  the  only  one  under 
which  the  cantonments  could  have  been  constructed  within  the  time 
allowed.  Its  development  was  almost  a  stroke  of  genius  on  the  part 
of  the  members  of  the  Advisory  Committee  referred  to  by  the  writer;:}: 
and  this  is  especially  true  if  genius  be  defined  as  "an  infinite  capacity 
for  taking  pains",  for  that  contract  represented  weeks  of  the  most 
careful  study  by  some  of  the  brightest  minds  of  the  Profession. 

The  writer,  however,  concurs  in  Mr.  Smith's  opinion  that  the 
cost-plus-a-fixed-fee  contract  is  not  one  which  should  be  universally 
adopted  for  all  construction  in  time  of  peace,  and  especially  where 
speed  is  not  of  vital  importance. 

In  conclusion,  the  writer  fully  realizes  his  good  fortune  in  having 
had  his  paper  discussed  by  so  many  of  his  personal  friends,  and  he 
would  again  remind  his  readers  that  the  design  and  construction  of 
the  water- works  for  the  army  activities  were  in  no  sense  a 'one-man  job, 
and  that  the  credit  for  such  results  as  were  obtained  should  be  shared 
by  all  the  many  men  who  had  a  hand  in  the  work. 

*  Proceedings,  Am.  Soc.  C.  E.,  August,  1919,  p.  443. 
t  Proceedings,  Am.  Soc.  C.  E.,  September,  1919,  p.  655. 
t  Proceedings,  Am.   Soc.  C.  E.,  August,  1919,  p.   400. 
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By    Messrs.    Robert    Ridgway,    J,    Waldo  Smith^  Lazarus    Wpiite, 

John  P.   Hogan,  Francis  Donaldson,  Waldo   C.   Briggs, 

A.  J.  Sackett,  Andrew  A.  Cohill,  and  A.  J.  Mayell. 


Robert  Ridgway,!  M.  Am.  Soc.  C  E. — The  speaker  wishes  to  express      Mr 


his  appreciation  of  the  great  value  of  this  paper  to  constructing  engi- 
neers. Not  only  is  the  subject  one  of  much  importance,  but  the  authors 
are  especially  qualified  to  present  the  paper  because  of  their  first-hand 
knowledge  of  the  operations  which  they  describe.  Its  value  is  enhanced 
by  the  fact  that  it  was  prepared  while  the  work  was  still  fresh  in  mind, 
in  consultation  with  those  familiar  with  all  the  details  of  the  operations 
and  with  all  the  records  available.  Many  lessons  learned  at  great  cost 
on  works  of  construction  are  lost  to  those  who  take  up  similar  work  at 
a  later  period  because  the  organization  that  learned  and  applied  them  is 
broken  up  on  completion  of  the  work,  leaving  behind  only  what  a  recent 
writer  has  described  as  "dead  and  fragmentary  records"  which  are  prac- 
tically lost  when  they  are  filed  away  in  some  vault  for  safe  keeping.  The 
construction  of  large  water  supply  systems  like  those  of  the  Catskill 
project  is  not  a  continuous  performance.  Sometimes  there  are  intervals 
of  many  years  between  the  completion  of  one  project  and  the  beginning 
of  another,  and  the  earlier  work  is  largely  forgotten  when  the  later  one 
is  undertaken.  If  a  record  of  the  unusual  features  of  design  and  con- 
struction is  not  left  behind  in  some  such  form  as  the  paper  under  dis- 

*  This  discussion  (of  the  paper  by  James  F.  Sanborn  and  M.  E.  Zipser,  Asso- 
ciate Members,  Am.  Soc.  C.  E.,  published  in  January,  1920,  Proceedings,  and 
presented  at  the  meeting  of  February  4th,  1920),  is  printed  in  Proceedings,  in 
order  that  the  views  expressed  may  be  brought  before  all  members  for  further 
discussion. 

t  New    York   City. 
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cussion,  those  who  take  up  similar  studies  at  some  future  time  must  go 
over  the  same  ground  and  inevitably  make  some  of  the  same  mistakes  as 
their  predecessors. 

The  grouting  methods  of  the  Catskill  work  were  highly  developed,  and 
were  successful  as  a  result  of  a  willingness  to  experiment  in  practical 
ways  and  of  the  large  experience  gained  on  a  work  of  such  magnitude 
and  varying  conditions.  It  is  extremely  fortunate,  therefore,  that  this 
interesting  paper  has  been  prepared  describing  the  methods  adopted, 
and  it  is  hoped  that  the  Chief  Engineer  will  suggest  to  his  staii  the 
preparation  of  other  equally  valuable  papers  descriptive  of  such  features 
of  the  work,  for  example  as  the  deep  pressure  tunnels  for  which  there 
was  little  precedent  in  earlier  projects. 

The  speaker's  first  experience  with  grouting  was  in  the  grade  tun- 
nels of  the  so-called  New  Croton  Aqueduct  during  the  years  1888  to 
1890.  This  tunnel  was  lined  with  brick  backed  with  rubble  masonry. 
The  brickwork  and  rubble  were  laid  at  first  in  natural  cement  mortar, 
but  in  the  later  stages  of  the  work  Portland  cement  mortar  was  used. 
On  account  of  the  unfortunate  conditions  then  prevailing,  for  which  the 
engineers  were  in  no  way  responsible,  it  became  necessary  to  repair  long 
stretches  of  defective  masonry  lining.  It  was  the  practice  of  some  of 
the  contractors  to  omit  most  of  the  mortar  in  the  rubble  masonry  and 
in  some  cases  to  omit  the  rubble  masonry  altogether.  The  scamp  work 
was  done  in  such  a  wholesale  manner  that  it  was  necessary  to  organize 
for  the  repairs  in  a  comprehensive  way.  Where  the  brickwork  was 
defective  and  where  there  existed  large  voids  in  the  backing,  it  was  of 
course  necessary  to  tear  out  and  rebuild.  Wliere  it  was  a  case  of  supply- 
ing the  mortar  in  the  rubble  backing  it  was  decided,  after  considerable 
discussion  and  experimenting,  to  resort  to  grouting  methods. 

An  experimental  period  had  to  be  passed  through  at  first.  Holes 
were  drilled  through  the  brick  side-walls  and  a  thick  mixture  of  grout 
was  poured  into  them  by  means  of  funnels.  This  method,  of  course, 
could  not  be  adopted  in  the  upper  portions  of  the  arch,  nor  could  any 
pressure  be  applied  to  the  grouting.  Besides,  it  was  a  retail  way  of 
doing  a  wholesale  job  and  was  soon  discarded. 

The  method  later  adopted,  and  which  proved«to  be  successful  for  the 
work  in  hand,  required  the  use  of  hand-operated  Douglass  pumps.  A 
1  :  1  mixture  of  natural  cement  and  sand  was  mixed  by  hand  in  open 
boxes  and  pumped  through  holes  drilled  in  the  brickwork.  Natural 
cement,  or  as  it  was  then  called,  "American"  cement,  was  used  because 
much  of  the  masonry  was  specified  to  be  laid  with  that  cement.  In 
order  to  insure  practically  continuous  pumping  two  boxes  were  used, 
the  mixing  going  on  in  one  while  the  charge  was  being  pumped  from  the 
other.  A  set  of  nine  holes  was  drilled  every  10  ft.  in  the  side-walls  and 
the  arch.    The  metal  nozzle  of  the  discharge  hose,  wrapped  with  cloth  or 
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burlap,  was  driven  into  these  holes  and  the  grout  was  pumped  in  to  re-  Mr. 
fusal.  Usually  four  men  were  used  at  the  handles  of  the  pumps,  the  ^ 
number  being  increased  to  six  when  the  pumping  was  hard.  The  lower 
holes  on  each  side  were  grouted  first  and  the  key  holes  last.  The  grout 
was  driven  long  distances,  sometimes  several  hundred  feet,  and  fre- 
quently was  lifted  over  the  arch  from  the  lower  holes  in  the  side-walls. 
Grouting  in  one  hole  frequently  blocked  many  others,  but  the  latter  were 
subsequently  tried  and  sometimes  took  an  appreciable  amount  of  grout. 

Prior  and  subsequent  to  the  first  grouting  the  masonry  was  carefully 
sounded  with  steel  rods  for  indications  of  cavities  or  other  defects. 
Those  engaged  on  such  work  soon  became  very  expert  and  could  tell  in  a 
general  way  from  the  tone  given  out  by  the  rod  whether  or  not  the  brick- 
work and  its  backing  were  defective.  Where  the  soundings  or  the  drill 
holes,  together  with  the  cross-sections,  indicated  the  existence  of  large 
cavities,  or  where  the  brickwork  was  defective,  test  holes  were  cut  and 
the  defective  work  removed  and  rebuilt  as  far  as  necessary  before  any 
grouting  was  done  in  the  vicinity.  After  the  first  grouting,  another  set 
of  holes  was  drilled  and  grouted  where  soundings  indicated  that  further 
work  was  necessary.  Again  the  work  was  sounded  and  a  third  grouting 
was  done  in  the  limited  number  of  places  requiring  it. 

In  the  report  of  the  Aqueduct  Commissioners  for  1887  to  1895  is  a 
general  description  of  this  grouting  by  the  Chief  Engineer,  and  a  state- 
ment is  made  by  him  that  384  700  bbl.  of  cement  in  all  were  used  for 
grouting,  exclusive  of  the  cement  used  for  the  reconstruction  of  de- 
fective or  missing  masonry  by  hand.  Of  this  amount  probably  15%  was 
wasted  through  leakage  and  other  causes.  As  the  purpose  of  the  work 
was  to  fill  voids  in  the  masonry  backing,  no  attempt  was  made  to  grout 
seams  in  the  rock.  The  methods  were  crude  as  compared  with  those  used 
on  the  Catskill  work,  but  accomplished  the  results  desired.  While  the 
voids  were  almost  completely  filled  with  grout  it  appeared  from  the 
speaker's  observations  that  the  latter  did  not  set  up  well.  Samples  taken 
out  by  the  speaker  a  year  or  so  afterward  showed  the  natural  cement  to 
be  of  chalky  consistency,  with  little  strength.  Apparently,  natural 
cement  is  not  suitable  for  grouting  work  except  in  cases  where  its  func- 
tion is  merely  to  fill  voids.  Where  strength  and  density  are  essential 
requirements  only  Portland  cement  should  be  used. 

Grout  was  used  extensively  and  successfully  in  the  construction  of 
the  tunnels  of  the  subway  system  of  ISTew  York  City.  This  grouting 
was  important,  but  generally  speaking  it  was  not  of  such  difficult  char- 
acter as  that  of  the  Catskill  work.  In  earth  and  rock  tunnels,  grouting 
was  done  to  fill  the  voids  which  always  exist  over  the  concrete  arch  and 
to  reduce  leakage.  It  was  done  in  the  soft  ground  shield-driven  tunnels 
adjacent  to  the  East  River  to  prevent  settlement  of  ground  overhead, 
and  where  the  work  was  done  in  compressed  air  under  and  in  the  vicin- 
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Mr.  ity  of  the  East  Eiver  to  reduce  the  loss  of  air  from  the  tunnels.  The 
'  methods  have  been  quite  successful  in  accomplishing  these  objects.  The 
pressures  used  have  not  been  high,  corresponding  to  those  used  in  the 
"low-pressure"  grouting  described  by  the  authors. 

Within  the  past  year,  grouting  was  successfully  used  to  reduce  the 
leakage  in  the  Canal  Street  Station  of  the  New  York  Municipal  Rail- 
way subway  from  considerably  more  than  100  gal.  per  min.  to  less  than 
2  gal.  per  min.  The  work  was  of  a  most  difficult  nature  and  the  excel- 
lent results  were  accomplished  only  because  the  engineers  in  direct 
charge  were  possessed  of  an  intimate  knowledge  of  modern  grouting 
methods  and  their  limitations.  The  speaker  will  not  go  into  the  details, 
as  he  understands  that  they  have  been  covered  in  the  written  discussion 
by  A.  J.  Mayell,  Assoc.  M.  Am.  Soc.  C.  E.,  who  was  the  Assistant 
Division  Engineer  on  the  work.  The  guidance  of  M.  H.  Freeman, 
M.  Am.  Soc.  C.  E.,  formerly  of  the  Engineering  Staff  of  the  Board  of 
"Water  Supply,  was  invaluable  on  this  work. 

It  is  apparent  from  the  authors'  description  that  the  concrete  of  the 
tunnel  and  shaft  lining  is  of  excellent  quality,  due  to  the  great  care 
taken  in  placing  it.  Otherwise,  the  speaker  is  convinced  that  the  grout- 
.  ing  would  not  have  been  a  success.  To  accomplish  the  results  described 
it  was  essential  that  the  concrete  be  strong  and  dense.  Grouting  will 
not  change  poor  concrete  into  good  concrete  and  it  adds  little  or  nothing 
to  the  strength  of  poor  concrete.  To  obtain  good  concrete  it  is  neces- 
sary not  only  to  mix  it  properly,  but  to  keep  all  water  pressure  away 
from  it  while  setting.  It  will  be  porous  unless  this  is  done,  as  many 
engineers  have  found  when  they  did  not  take  proper  precautions. 

Grouting  is  expensive,  and  to  secure  the  best  results  at  the  least  cost 
and  in  the  quickest  time  it  is  wise  to  employ  only  those  experienced  in 
such  work.  To  start  with  an  untrained  force  usually  results  in  discour- 
agement and  sometimes  the  abandonment  of  the  work.  After  the  men 
are  well  broken  in  they  seem  to  develop  an  instinct  for  doing  the  work 
in  the  right  way  in  the  shortest  time  and  accomplish  what  before  seemed 
to  be  impossible. 

If  the  grouting  work  under  a  contract  is  to  be  done  as  carefully  and 
as  thoroughly  as  it  was  on  the  Catskill  work  it  is  necessary  to  draw 
the  specifications  with  care  and  to  make  provision,  as  was  done  on  that 
work,  to  pay  the  contractor  for  each  step  in  the  operations.  For  ex- 
ample, the  cost  to  the  contractor  of  moving  the  apparatus  and  of  mak- 
ing connections  to  the  grout  pipes  is  considerable  and  sometimes  many 
connections  are  made  to  pipes  which  take  no  grout.  If  payment  is  made 
merely  on  the  basis  of  grout  pumped  in,  this  would  work  a  hardship  on 
the  contractor  who  would  receive  no  payment  for  the  work  done  on  those 
holes  into  which  no  grout  was  forced.  In  the  case  of  the  Catskill  work 
payment  was  made  under  unit  prices  for  each  connection  made. 
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The  authors  state,  referring  to  the  cement,  "experiments  show  that  Mr. 
the  finer  the  grinding,  the  greater  the  loss  in  the  strength  of  the  grout 
on  account  of  the  more  thorough  hydration  of  the  cement.  The  coarse 
particles  impart  strength  to  the  cement,  and,  for  that  reason,  very  fine 
grinding  may  not  be  desirable."  This  is  interesting,  and  contrary  to 
the  idea  of  the  speaker,  who  had  been  of  the  opinion  that  finely  ground 
cement  would  be  better  for  this  and  for  all  other  purposes.  Where  sand 
is  used  it  must  be  very  fine,  as  the  authors  point  out,  to  prevent  segre- 
gation as  well  as  clogging  of  the  holes. 

In  the  discussion  preceding  the  preparation  of  the  Catskill  tunnel 
contracts  the  speaker  favored  the  cut-off  walls  mentioned  by  the  authors. 
It  was  believed  that  by  confining  the  grouting  to  relatively  short 
stretches  of  tunnel  and  completing  each  stretch  before  passing  to  an- 
other the  cement  and  sand  would  not  segregate  and  that  better  results 
would  be  obtained.  Experience,  however,  showed  that  they  did  not  work 
out  well  in  practice  and  hence  their  use  was  discontinued. 

The  authors  point  out  the  care  necessary  to  prevent  a  blast  of  air 
following  the  charge  of  grout  where  the  tank  machines  are  used.  Where 
small  spaces  are  to  be  filled  completely  and  the  amount  of  grout,  conse- 
quently, is  small,  it  has  been  found  advisable  in  many  cases  to  use  a 
hand  pump,  thus  avoiding  the  objection  of  trapping  in  the  cavity  air 
which  prevents  complete  filling  of  the  hole. 

It  has  been  assumed  by  many  that  grouting  could  be  used  to 
solidify  unstable  sand  foundations,  particularly  where  the  sand  is  fine 
and  saturated.  The  speaker  has  seen  a  number  of  unsucessful  attempts 
made  to  do  this.  Perhaps  with  infinite  pains  and  at  great  expense  some- 
thing could  be  accomplished  in  this  direction,  but  he  does  not  believe 
it  to  be  a  practical  proposition. 

As  of  interest  in  connection  with  the  treatment  of  dam  foundations 
attention  is  called  to  the  paper  of  Charles  S.  Gowen,  M.  Am.  Soc.  C.  E., 
entitled  "The  Foundations  of  the  New  Croton  Dam",*  wherein  is 
described  the  novel  method  used  to  fill  with  clay  the  voids  existing  in  a 
limestone  cave  under  the  dam.  Plastic  clay  in  the  form  of  "sausages"  or 
cylinders  was  fed  into  a  casing  pipe  which  had  been  carried  up  from  the 
cavity  100  ft.  or  so  and  bedded  in  the  masonry  of  the  dam.  The  clay 
was  driven  by  means  of  a  pile-driver.  The  details  are  well  described  in 
Mr.  Gowen's  paper,  and  it  is  stated  that  a  total  of  66  951  lb.  of  clay  was 
driven,  apparently  completely  filling  the  cavity,  as  evidenced  by  the  ris- 
ing of  the  clay  in  a  tell-tale  pipe  outside  of  the  dam  structure.  In  the 
speaker's  opinion  the  method  thus  described  could  be  used  in  many  cases 
where  the  problem  is  merely  to  fill  voids  with  a  water-tight  material  and 
where  it  is  not  necessary  to  use  material  that  will  solidify  like  cement. 
*  TransactionSj  Am.  Soc.  C.  E.,  Vol.  XLIII,  p.  469. 


490  discussion:  GKOUTING  OPEEATIONS  [Papers. 

Mr.  J.  Waldo  Smith,*  M,  Am.  Soo.  C.  E. — This  paper  is  a  creditable 

■  record  of  many  years  of  work  under  greatly  varying  conditions.  The 
widely  diversified  aqueduct  work  provided  an  opportunity  for  the  devel- 
opment of  new  ideas,  and  the  35  miles  of  pressure  tunnel  offered  a  much 
better  opportunity  than  has  before  presented  itself  for  the  further  devel- 
opment and  perfecting  of  grouting  methods.  Due  to  the  great  number 
of  men  engaged  on  it  and  the  variety  of  ideas  that  were  presented,  it  is 
safe  to  say  that  more  has  been  done  to  develop  and  put  on  record  meth- 
ods that  will  be  useful  in  the  future  to  those  undertaking  such  work 
than  ever  before. 

It  is  part  of  every  one's  duty  to  place  in  the  archives  of  the  Society 
records  of  methods  that  have  been  developed,  for  the  benefit  of  others 
coming  after  or  which  will  help  the  wayfarer  looking  for  assistance 
along  the  road.  Mr.  Ridgway  has  stated  that  he  hoped  the  speaker 
would  suggest  other  papers.  He  has  done  so;  but,  due  to  the  war  and 
perhaps  also  to  the  fact  (which  should  be  a  matter  for  congratulation) 
that  in  most  cases  the  men  best  suited  to  write  these  papers  have  gone 
on  to  better  positions  before  their  work  was  finished  and  before  they  had 
time  to  do  so,  the  proposed  papers  have  not  been  prepared. 

The  speaker  still  hopes  that  some  of  the  men,  although  they  are  no 
longer  connected  with  the  work,  will  undertake  to  present  a  series  of 
papers  which  will  cover  all  the  special  features  of  the  Catskill  Aqueduct. 
The  one  that  he  wants  to  see  more  than  any  other  is  a  comprehensive 
paper  on  the  pressure  tunnels,  because  the  pressure  tunnels,  the  grout- 
ing of  which  is  so  fully  described  in  this  paper,  were  among  the  prin- 
cipal features  of  this  work. 

If  the  speaker  had  undertaken  to  have  a  number  of  the  engineers 
submit  the  data  and  had  himself  prepared  this  paper,  he  is  sure  he  would 
have  been  very  unhappy.  He  could  not  have  done  it  as  well  as  they  have, 
an(i  it  is  much  better  for  those  who  have  been  close  to  the  work  and  who 
have  really  done  the  work,  to  obtain  whatever  glory  or  credit  or  publicity 
may  come  to  them  through  the  presentation  of  such  a  paper  as  this. 

The  authors  have  said  that  this  paper  was  prepared  at  the  speaker's 
suggestion.  Well,  such  suggestions  are  part  of  his  religion.  He  believes 
that  a  man  in  the  position  he  has  been  in  owes  it  to  his  associates  (there 
have  been  no  assistants  on  this  job)  to  see  that  they  have  a  chance  to  de- 
velop, and  to  help  them  onward  and  upward.  It  is  the  duty  of  all  the 
members  of  the  Society  who  are  in  executive  positions  to  do  what  they 
can  to  develop  the  younger  men,  to  allow  them  to  accept  responsibility, 
or  to  force  it  on  them.  To  place  such  responsibility  brings  results  which 
would  be  beneficial  to  any  project. 
Mr.  Lazarus  White,*  Assoc.  M.  Am.  Soc.  C.  E. — This  paper  is  so  thor- 

ough and  covers  the  subject  so  well  that  it  is  difficult  to  enlarge  upon 

*  New  York  City. 
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it.  There  is  one  impression  which  the  authors  did  not  intend  to  convey,  Mr. 
but  might  be  obtained  due  to  the  great  emphasis  on  the  grouting  opera-  ^'^"^^• 
tions;  that  is,  that  the  water- tightness  of  the  tvmnel  was  due  almost  en- 
tirely to  the  grouting,  and  that  the  concrete  tunnel  lining  itself  is  of 
minor  importance.  This,  in  the  opinion  of  the  speaker,  would  be  un- 
fortunate, for,  as  Mr.  Ridgway  remarked,  the  tunnel  lining  itself  is  of 
primary  importance  and  without  a  thoroughly  good  lining  it  would  be 
hopeless  to  secure  water-tightness  for  effective  grouting.  Those  who  ex- 
amined the  tunnel  will  bear  witness  to  the  fact  that  the  lining  was  first- 
class  with  very  few  visible  defects.  To  get  good  lining,  every  care  was 
taken  in  leading  the  water  off  with  drip-pans  and  grout  pipes,  as  the 
authors  describe.  This  prevented  damage  to  the  lining;  allowing  the 
concrete  to  set  while  it  was  entirely  relieved  of  water  pressure  and  water 
percolation.  The  same  drip-pans  and  grout  pipes  which  primarily 
served  to  lead  off  the  water  and  protect  the  lining  were  the  instruments 
for  the  subsequent  grouting. 

Had  the  vent  pipes  been  blocked,  the  lining  itself  would  be  found  to 
be  very  tight  without  the  grouting.  In  one  instance  this  was  done,  and 
the  lining  withstood  a  pressure  of  135  lb.  per  sq.  in.  without  leakage. 
This  was  described  by  the  authors.  The  grouting,  in  the  opinion  of  the 
speaker,  was  primarily  designed  to  back  up  the  lining,  and  to  transfer 
the  internal  pressure  through  the  concrete  and  grout  to  the  rock  backing. 
It  is  the  rock  in  pressure  tunnels  which,  after  all,  carries  the  pressure, 
and  it  must  necessarily  carry  it.  In  cases  where  sections  of  the  tunnel 
lining  failed,  it  was  due  to  the  fact  that  the  rock  backing  was  unable 
to  carry  the  heavy  internal  pressure.  On  the  Rondout  Tunnel  there 
were  heavy  layers  of  limestone  between  which  were  layers  of  greasy  clay, 
and  when  the  internal  pressure  was  applied,  the  strata  moved,  cracking 
the  lining.  These  stretches  were  repaired  by  putting  in  steel  lining 
capable  of  withstanding  the  internal  pressure  without  the  aid  of  the 
rock. 

As  the  authors  have  stated,  there  were  people  who  predicted  that  the 
lining  would  fail  in  very  numerous  cases,  and  favored  the  use  of  a  con- 
tinuous steel  lining  to  take  up  the  internal  pressure  independently  of  the 
rock.  It  was  decided  that  this  would  be  too  expensive,  and  it  would  be 
cheaper  to  test  the  tunnels  hydrostatically  and  repair  the  weak  spots  in 
places  where  that  was  necessary.  This  was  done  and  resulted  in  great 
economy. 

It  is  to  be  noted  that  the  grouting  operations  at  the  end  of  the  work 
were  quite  different  from  those  at  the  beginning,  and  much  simpler.  An 
elaborate  arrangement  of  grout  pipe,  drip-pans,  cut-off  walls,  collecting 
pipes,  etc.,  which  were  at  first  shovsm  in  the  design,  were  later  dispensed 
with.  The  grouting  methods  which  were  subsequently  used  in  the 
aqueduct  were  the  residt  of  a  great  deal  of  experience  and  developed 
from  many  years  of  work. 
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Mr.  The  impression  might  be  given  from  the  statement  by  the  authors  on 

^^''^®'  page  60*  that  the  grouting  behind  the  pneumatic  caissons  was  responsi- 
ble for  their  tightness  when  the  air  was  taken  off.  The  sealing  of  these 
caissons  was  accomplished  by  the  simple  expedient  of  dropping  them 
on  a  bench  of  concrete  so  that  the  cutting  edges  compressed  a  heavy 
wad  of  oakum.  Immediately  after  this  the  air  was  withdrawn,  and 
the  caissons  were  very  dry.  The  grouting  subsequently  done  behind 
the  caissons  was  in  the  nature  of  backing  them  up  and  making  more 
permanent  the  sealing  accomplished  by  the  oakum. 

Mr.  John  P.  HoGAN,f  M.  Am.  Soc.  C.  E. — This  paper  is  so  complete  in 

Hosan.  .^g^^£  ^^^^  ^^^^^  jjg  ^g^y  j-^^j^  ^^^^  ^^^  l^g  added  to  it.     The  only  thing 

that  any  one  can  do  in  discussing  it  is  to  attempt  to  emphasize  or  bring 
out  more  strongly  some  of  the  points  covered. 

Of  the  points  that  the  speaker  would  like  to  emphasize  is  one 
which  Mr.  White  also  has  made,  that  in  order  to  be  successful  grouting 
must  be  simple.  Complicated  systems  of  connecting  pipes  and  elbows, 
leading  a  large  amount  of  water  to  a  given  point,  and  attempts  to 
grout  a  large  area  during  one  operation,  never  succeed.  Straight  pipes 
and  small  drip-pans  are  needed.  A  small  drip^pan  is  necessary  for 
two  reasons:  first,  in  order  that  it  may  be  grouted  successfully,  and, 
second,  to  avoid  bringing  too  large  an  area  of  the  tunnel  lining  under 
pressure.  The  latter  requirement  became  very  important  in  high-pres- 
sure grouting,  particularly  in  the  Hudson  River  Siphon,  where  a 
grouting  pressure  of  700  lb.  per  sq.  in.  was  used.  In  some  cases  on  that 
work  where  the  lining  ruptured,  there  was  evidence  that  the  drip-pans 
were  too  large,  and  too  large  areas  of  the  tunnel  lining  were  exposed  to 
the  high  pressure  grouting. 

The  statement  is  made  by  the  authors  that  the  purpose  of  low-pres- 
sure grouting  was:  "(a)  primarily  to  fill  the  void  spaces  between  the 
lining  and  the  rock,  particularly  above  the  arch,  and,  at  the  same 
time,  to  form  a  blanket  over  the  construction "  joints  in  the  arch ; 
(h)  to  fill  the  voids  in  the  dry-packing  where  the  latter  was  used; 
and  (c)  to  fill  any  porous  or  honey-combed  spots  in  the  concrete."  If 
anybody  has  had  any  success  in  filling  porous  or  honey-combed  spots  in 
concrete  with  grout,  the  speaker  would  like  to  know  about  it,  because, 
for  about  six  weeks,  experiments  were  made  in  the  Rondout  Siphon  to 
impregnate  leaky  concrete  with  grout.  The  Board  provided  for  this 
purpose  a  special  grouting  pad  2  ft.  square  and  consistent  and  persistent 
efforts  were  made  to  use  it,  with  a  total  net  result  of  loss  of  time  and 
loss  of  money.  The  attempt  to  grout  leaky  concrete  with  this  pad  was 
like  trying  to  use  an  irresistible  force  against  an  immovable  resistance. 

The  speaker  merely  mentions  this  because  the  authors  have  carefully 
avoided  any  further  mention  of  it  in  the  paper.    One  does  not  get  grout 

*  Proceedings,  Am.   Soc.   C.  E.,  January,   1920. 
t  New  York  City. 
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in  place  anywhere  unless  one  has  circulation.     The  simplest  form  is  the     Mr. 


grout  pipe  and  the  vent  pipe ;  when  you  get  grout  out  of  the  vent  pipe, 
you  know  the  intermediate  space  is  filled.  In  the  same  way  in  filling- 
grout  seams,  wherever  there  was  any  interconnection  and  circulation 
through  the  seams  it  was  possible  to  get  grout  into  the  seams;  but,  in 
general,  very  little  progress  was  made  in  attempting  to  grout  the  seams 
in  the  rock  unless  there  were  such  interconnections. 

The  provision  of  sufficient  vent  pipes  for  circulation  and  for  getting 
rid  of  surplus  water  and  air  also  enables  you  to  see  what  you  are  doing 
and  what  you  are  accomplishing. 

It  has  been  correctly  stated  that  the  lining  and  not  the  grouting  was 
the  primary  cause  of  the  tightness  of  the  tunnel.  The  important  thing 
in  placing  a  tight  lining  is  to  prevent  water  pressure  on  the  concrete 
while  it  is  setting.  It  is  therefore  necessary  to  lead  water  through  the 
concrete  to  prevent  the  accumulation  of  pressure,  and  it  is  necessary  in 
some  way  to  fill  the  void  which  existed  for  the  purpose  of  collecting 
water.  If  it  were  not  for  the  sake  of  permanency,  the  pipes  leading 
through  the  concrete  for  the  purpose  of  collecting  water  might  be  closed 
with  an  iron  cap,  or  even  possibly  with  a  wooden  plug.  The  grout  forced 
in  through  these  pipes,  however,  in  addition  to  stopping  permanently 
the  inflow  and  plugging  the  pipe,  helps  to  back  up  the  lining  over  the 
area  which  the  drip-pan  covers. 

In  grouting  on  a  large  scale,  special  provision  must  be  made  for 
carrying  the  grouting  pipes  through  the  forms,  particularly  when  steel 
forms  are  used.  This  was  done  on  the  Catskill  Aqueduct  by  thretding 
holes  through  the  forms,  and  by  leaving  couplings  on  the  ends  of  pipes, 
so  that  connections  could  be  made  to  them  readily. 

In  grouting  large  spaces,  such  as  existed  in  the  dry  packing  back  of 
the  steel  shell  on  the  Rondout  incline,  special  measures  are  necessary. 
In  the  incline,  at  the  time  the  concreting  was  started,  there  was  an 
inflow  of  1  200  gal.  per  min.  of  water  within  a  stretch  of  about  180  ft. 
The  placing  of  the  invert  was  the  most  difficult  operation  on  account 
of  the  necessity  of  caring  for  the  water  in  the  bottom,  while  the  invert 
concrete  was  setting.  This  was  successfully  accomplished  by  laying  a 
longitudinal  8-in.  riveted  steel  pipe  with  6-in.  Y-branches.  After  the 
invert  was  placed,  the  steel  arch  ribs  and  the  steel  shingle  plates  were 
erected  on  it.  The  dry  packing  and  the  placing  of  the  concrete  were 
carried  on  without  any  difficulty.  Wherever  there  was  a  heavy  flow  from 
the  rock  a  hole  was  drilled  back  into  that  seam,  and  a  deep-seated  pipe 
was  caulked  back  into  this  hole  so  that  any  water  under  pressure  might 
be  led  readily  through  the  lining  and  allowed  to  flow  freely  during  the 
lining  process  and  during  the  grouting  of  the  space  outside  of  the  shell. 

The  space  to  be  grouted  in  the  dry  packing  was  very  large,  averaging 
about  18-in.  in  diameter,  with  a  radius  of  about  11  ft.      The  speaker 
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Mr.  does  not  remember  liow  much  grout  was  used  in  that  shell,  but  perhaps 
ogan.  -jj-^^  Freeman  will  supply  that  information.* 

After  the  lining  had  been  placed  and  the  water  led  through  it  by 
means  of  these  deep-seated  pipes,  or  allowed  to  drain  through  the  dry 
packing  down  into  the  steel  pipe  in  the  invert,  there  were  really  two 
stages  to  the  process  of  grouting — filling  the  dry  packing,  and  shutting 
oif  the  water.  The  object  was  to  have  a  still  lake  of  water  into  which 
the  grout  could  be  forced  under  low  pressure.  The  grouting  went  on 
for  six  days;  and  so  carefully  was  the  high-pressure  water  controlled 
through  the  deep-seated  grout  pipes  that  there  was  no  flow  whatsoever 
in  this  lake  of  water  in  the  dry  packing. 

In  other  cases,  as  much  sand  as  possible  was  used  in  grouting  the 
large  spaces  because  it  was  less  subject  to  churning  action  of  the  air, 
because  it  made  a  stronger  grout  and  because  the  shrinkage  was  less. 
In  general,  unless  grouting  small  seams,  it  is  advisable  to  use  as  much 
sand  as  the  mix  will  carry.  The  amount  is  entirely  a  question  of 
experiment,  but,  in  general,  about  half  sand  and  half  cement  can  be  used. 
In  this  case,  however,  for  various  reasons,  no  sand  was  used;  but  it  is 
believed  that  an  equally  good  and  more  economical  result  could  have 
been  obtained  by  using  sand  with  the  cement. 

The  grouting  was  done  from  the  bottom  up,  so  that  the  grout  was 
forced  in  with  at  least  a  1-ft.  head  of  grout  over  the  inlet  pipe.  If  the 
grout  had  been  put  in  at  the  top  and  allowed  to  settle  through  the 
water,  the  cement  would  have  been  washed  so  that  its  setting  would 
have  been  greatly  retarded,  if  not  entirely  prevented.  After  the  grout 
in  the  dry  packing  had  set,  the  deep-seated  pipes  and  the  pipes  in 
the  invert  were  grouted  under  high  pressure  and  the  inward  leakage 
reduced  from  more  than  1  000  gal.  per  min.  to  less  than  2  gal.  per  min. 

In  all  these  operations  it  was  necessary,  as  has  already  been  men- 
tioned, to  avoid  excess  of  air  and  the  blowing  of  air  through  the  grout. 
In  connection  with  other  operations  in  the  Rondout  Tunnel,  grout  was 
cut  out  and  was  found  to  be  very  strong  and  dense,  though  somewhat 
stratified.  There  was  not  much  separation  of  the  sand  from  the  cement, 
and  the  strength  of  some  of  the  samples  cut  out  was  as  high  as  118  lb. 
per  sq.  in.,  compared  to  about  145  lb.  for  concrete. 

Certain  breaks  in  the  lining  of  the  tunnel  were  repaired  by  means  of 
a  steel  shell  made  with  15-in.  channels.  As  Mr.  White  says,  the  breaks 
were  due  to  adjustment  in  the  rock.  There  has  always  been  a  question 
in  the  mind  of  the  speaker  whether  a  number  of  those  breaks  could  not 
have  been  repaired  by  grouting  operations  alone,  without  using  the 
steel  shell.     However,  it  might  have  been  necessary  to  put  the  tunnel 

♦  Mr.  Freeman  stated  that  the  total  quantity  of  neat  cement  injected  into  the 
dry-packed  section  on  the  incline  north  of  Shaft  No.  4,  Rondout  Siphon,  was  7  693 
bags.      As   many   as   1  200   bags   were   injected   in   one   8-hour  shift. 
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under  pressure  several  times  and  grout  it  several  times  in  order  to     Mr. 
accomplish  that  purpose.     The  uncertainty  of  this  procedure  was  too  ^°^^"- 
great,  because  it  appeared  at  that  time  that  possibly  the  work  in  question 
might  be  a  limiting  factor  in  the  use  of  the  Catskill  Aqueduct. 

It  would  be  interesting  if  some  one  familiar  with  the  actual  grouting 
operations  could  discuss  the  relative  value  of  air-mixing  and  hand- 
mixing  grout  machines,  and  their  respective  uses.  It  is  certain  that 
there  is  a  field  for  each.  The  Catskill  Aqueduct  was  largely  grouted 
by  use  of  the  air-mixing  grout  machine.  However,  in  the  Hudson  River 
Tunnel,  where  the  pressures  were  about  700  lb.,  per  sq.  in.,  ordinary 
plunger  pumps  were  used  with  a  suitable  hand-mixing  device  attached. 
There  are  objections  to  the  use  of  air-mixing  grouting  machines.  The 
greatest  objection,  of  course,  is  the  quantity  of  air  forced  in  with 
the  charge,  and  the  difficulty  of  getting  rid  of  it. 

The  portion  of  the  paper  in  regard  to  the  grouting  of  the  foundations 
of  the  Kensico  and  Ashokan  Dams,  and  particularly  the  grouting  of  the 
foundations  of  the  earth  dikes,  has  introduced  very  interesting  pos- 
sibilities of  improving  the  fotmdations  of  dams  which  have  been  con- 
structed, and  of  which  the  foundations  have  proved  to  be  faulty  or  are 
known  to  be  faulty. 

It  did  not  seem  to  the  speaker  that  the  necessity  for  the  high-pressure 
grouting  is  clear.  The  majority  of  the  work  was  done  at  between  30- 
and  60-lb.  pressure,  and  during  this  period  the  ground-water  was  allowed 
to  flow  through  certain  pipes  to  prevent  the  building  up  of  back  pres- 
sure. However,  when  it  came  to  finally  closing  up  a  stretch,  the  active 
ground-water  pressure  in  that  stretch  was  often  as  high  as  150  or  250  lb. 
per  sq.  in.;  indeed,  in  the  case  of  the  Hudson  River  Siphon,  it  was  as 
high  as  500  lb.  It  was  surprising  how  quickly  that  pressure  built  up 
the  moment  the  pipes  were  closed,  and  it  was  to  overcome  this  ground- 
water pressure  that  high-pressure  grouting  was  necessary. 

Francis   Donaldson,*   Esq. — The   speaker   was   with   three   of   the       Mr. 
Aqueduct  contractors  and  has  actually  placed  a  lot  of  grout.     Mr.  Hogan 
stated,  and  Mr.  White  agreed  with  him,  that  grout  did  not  have  much 
to  do  with  making  a  tunnel  tight,  but  the  speaker  begs  to  differ. 

The  speaker  worked  on  one  job  not  many  miles  from  New  York  City. 
It  was  dry  rock,  the  concrete  lining  was  excellent,  and  when  it  was 
finished  and  looked  as  dry  as  possible,  it  was  not  quite  dry  enough  for 
the  engineers,  so  that  high-pressure  grouting  was  required.  For  weeks 
and  weeks  a  gang  of  men  went  up  and  down,  that  tunnel  with  step  lad- 
ders and  jack-hammer  drills  plugging  at  every  drop  of  water;  wherever 
the  least  dripping  from  the  roof  occurred  a  hole  was  driven  and  grout 
pumped  into  it.  When  we  got  through  with  that  tunnel,  it  was  posi- 
tively dusty. 

•  New  York  City. 
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Mr.  The   speaker  was   on  several   of   the  other  jobs   that   the   authors 

■  refer  to  and  describe  so  well.  In  the  Hudson  Tunnel,  we  used  grout 
at  a  higher  pressure  than  was  stated;  this  was  necessary  because  the 
head  outside  the  tunnel  was  1 100  ft.  and  we  had  to  force  the  water 
into  the  seams  around  the  tunnel  back  into  the  crevices  through  which 
it  came.  It  went  back  a  good  deal  harder  than  it  came  in.  We  used 
a  booster  compressor  up  to  the  limit  of  our  air  pressures,  and  as  we  could 
not  get  enough  pressure  this  way  we  pumped  in  water  on  top  of  the 
grout  with  a  high-pressure  Cameron  pump.  The  pressure  ran  up  to 
something  like  1  000  lb.  per  sq.  in.,  and  broke  out  big  chunks  of  the 
lining;  it  was  good  concrete,  too,  notwithstanding  the  authors'  sug- 
gestion that  it  was  a  little  weak  in  spots.  We  finally  got  the  tunnel 
pretty  tight. 

At  Shaft  4  on  the  City  Tunnel  (which  was  referred  to  in  the  paper, 
although  it  has  not  been  discussed  by  any  of  the  speakers),  we  drilled 
into  a  seam  of  sand.  This  sand  bed  was  cut  by  one  of  the  sump  holes 
and  a  strong  stream  of  water  came  up  through  the  hole,  carrying  with 
it  sand  in  good-sized  grains.  We  plugged  it  with  a  tapered  wooden 
plug,  and  then,  because  the  stream  had  amounted  to  some  200  gal.  per 
min.,  we  decided  to  grout  it.  Having  made  this  decision,  we  kept 
grouting  this  seam  for  about  one  month,  but  found  that  the  sand  pre- 
vented the  grout  from  flowing  into  any  of  the  holes  in  any  considerable 
quantity.  However,  as  soon  as  one  hole  refused  we  drilled  another  and 
kept  drilling  and  grouting  until  the  shaft  bottom  looked  like  a  colander. 
There  must  have  been  several  hundred  holes  in  it. 

When  we  could  not  get  any  more  grout  in  we  went  on  sinking  and 
passed  through  the  sand  seam  without  much  difficulty.  We  found  that, 
although  the  grout  had  not  permeated  the  sand,  it  had  compacted  it 
so  that  it  resembled  soft  sandstone  and  all  through  the  seam  we  found 
balls  of  grout  ranging  from  the  size  of  a  man's  fist  to  the  size  of  his 
head.  The  leakage  into  the  shaft,  which  came  in  through  one  hole — we 
did  not  know  how  much  it  would  have  amounted  to  if  additional  holes 
had  been  drilled — was  cut  from  200  to  20  or  30  gal.  per  min.  This 
shows  that  grout  can  be  used  in  sand  under  certain  conditions;  but  no 
matter  how  thin  it  may  be,  grout  will  not  permeate  sand. 

This  discussion  brings  to  mind  two  shafts  that  the  speaker  sank  in 
West  Virginia  before  he  became  connected  with  the  Aqueduct  work. 
The  shafts  were  each  about  275  ft.  deep  and  it  took  two  years  to  sink- 
them.  We  had  to  pump  about  2  500  gal.  per  min.  and  it  required  nearly 
1  000  boiler  h.  p.  all  the  time.  The  rock  seams  were  open,  and  if  we  had 
known  enough  to  grout  them  we  could  have  saved  much  money  and  time. 

When  the  shaft  reached  the  seam  through  which  the  main  flow  came 
in,  we  found  that  it  carried  with  it  fine  coke.  Evidently  the  particles 
floated  into  crevices  in  the  rock  in  the  banks  of  the  river  farther  up 
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stream,  because  still  farther  up  the  river  there  were  a  great  many  coke 
ovens,  and  after  every  heavy  rain  coke  would  be  washed  in.  The  biggest 
seam  in  the  shaft  was  horizontal;  it  must  have  been  4  or  5  in.  wide 
and  ran  nearly  full  of  water. 

One  evening,  going  over  to  the  shaft — something  had  happened  to 
the  pumps — the  speaker  met  a  darky  coming  away.  He  was  carrying 
a  good-sized  catfish.  The  writer  said,  "Sam,  where  did  you  get  that 
fish?"  And  the  darky  replied,  "Lord,  boss,  that  came  through  the  big 
crack  in  the  shaft". 

Waldo  C.  Briggs,*  M.  Am.  Soc.  C.  E. — The  speaker's  experience  with  Mr 
grouting  is  confined  to  a  soft  ground  tunnel  which  is  a  part  of  the  Dual 
Subway  System  located  under  Flatbush  Avenue,  Brooklyn,  extending 
from  Prospect  Park  Plaza  to  Empire  Boulevard.  This  section  is  a  twin 
tunnel  constructed  in  a  single  excavation,  about  one-half  having  been 
driven  by  means  of  a  shield  and  the  other  half  by  a  timber  method. 

With  respect  to  stopping  leaks,  three  different  conditions  were  pre- 
sented. Where  the  shield  was  started,  the  material  penetrated  was  a 
clay  carrying  a  great  deal  of  water.  The  grouting  operations  were 
initiated  in  this  section,  and  it  was  the  intention  to  force  in  only  suf- 
ficient grout  to  fill  the  void  caused  by  the  shell  of  the  shield.  The  con- 
crete behind  the  shield  was  placed  in  rings  31  in.  wide  by  a  pneumatic 
process.  The  concrete,  due  to  the  large  amount  of  water  in  the  soil,  was 
porous;  this  condition,  together  with  the  large  number  of  construction 
joints,  produced  a  very  wet  tiinnel.  The  result  of  the  attempt  to  just 
fill  the  voids  caused  by  the  shell  of  the  shield  by  means  of  the  grout, 
so  far  as  stopping  leaks  is  concerned,  was  a  complete  failure. 

A  year  or  more  after  this  section  of  tunnel  had  been  completed  and 
the  grouting  done  as  described,  another  attempt  was  made  to  stop  the 
leaks  by  grouting.  New  holes  were  drilled  through  the  lining  just  be- 
low the  springing  line  through  which  grout  was  forced  freely.  For  a  cer- 
tain distance  the  tunnel  was  made  dry ;  but,  inasmuch  as  grout  is  costly, 
a  limit  was  set  as  to  the  amount  of  grout  used,  with  the  result  that 
where  the  grouting  was  so  limited,  the  tunnel  is  wet.  The  conclusion  to 
be  drawn  from  this  is  that  porous  concrete  and  construction  joints  in 
tunnel  lining  can  be  made  water  tight  by  grouting,  provided  sufficient 
grout  and  pressure  are  used.  In  the  case  in  question  the  pressure  used 
was  80  lb.  per  sq.  in. 

Another  condition,  where  the  shield  passed  through  what  was  evi- 
dently a  terminal  moraine,  the  material  excavated  consisted  of  boulders 
and  gravel  entirely  free  from  any  matrix.  A  section  of  tunnel  at  this 
point,  about  100  ft.  long,  was  also  wet  after  the  lining  had  been  com- 
pleted ;  and,  although  grout  was  used  freely,  the  leaks  were  not  entirely 
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Mr.     stopped,  probably  due  to  the  fact  that  the  voids  in  the  formation  were 
Sri&TSfs 

■  so  extensive  it  was  impossible  to  force  the  grout  into  the  concrete. 

The  third  condition  was  where  the  timber  method  of  tunneling  was 
followed  and  where  the  material  penetrated  was  clean,  sharp  sand  carry- 
ing a  large  amount  of  water,  the  water  again  causing  a  somewhat  porous 
concrete  and  a  wet  tunnel.  Grout  forced  in  through  pipes  located  in 
the  crown  of  each  arch  under  a  pressure  of  about  65  lb.  cut  oif  all  water 
and  left  a  bone-dry  tunnel. 

The  speaker  requested  the  foreman,  Mr.  Joseph  Callahan,  who  had 
been  in  charge  of  the  grouting  operations  on  the  work  in  question,  to 
give  him  any  information  which  experience  had  taught  would  be  useful. 
The  following  notes  were  offered  in  response  to  this  request: 

"It  is  very  important  to  have  good  hose  and  valves.  The  valves  used 
should  be  cleaned  thoroughly  every  morning  or  they  will  become  clogged 
with  grout  and  be  useless.  The  hose  and  grout  kettle  should  be  washed 
out  noon  and  night.  A  blow-off  valve  should  be  provided  at  the  end  of 
the  hose  so  that  if  the  grout  gets  blocked  in  the  hose,  it  can  be  released. 
Only  cement  free  from  lumps  and  finely  screened  sand  should  be  used. 
Coarse  sand  and  lumpy  cement  will  block  the  kettle  and  the  hose  and 
valves.  When  connections  are  made  ready  for  grouting,  try  the  air 
to  see  whether  the  hole  is  free.  If  the  air  passes  slowly,  try  a  thin  batch 
with  neat  cement  at  high  pressure.  The  grout  pipe  in  the  wall  should 
be  cleaned  out  with  a  rod.  If*  a  hole  has  been  taking  grout  freely  and 
stops  suddenly,  it  indicates  a  block;  perhaps  a  stone  has  fallen  into  the 
grout  pipe.  In  such  a  case,  let  the  grout  come  back  into  the  kettle, 
close  the  valve  at  the  wall  and  open  the  exhaust  valve ;  this  should  take 
stones  with  it. 

"All  grout  pipes  should  be  cleaned  at  least  75  ft.  ahead  of  the  con- 
nection in  order  to  release  any  water  which  may  be  behind  the  wall. 
As  the  grout  shows  ahead  of  the  connection,  plug  the  pipes  with  wooden 
plugs.  When  a  hole  is  not  finished  at  the  end  of  a  shift,  blow  in  a 
little  water ;  this  will  often  keep  the  hole  open  until  the  next  shift. 

"Before  connecting  the  air  pipe  to  the  kettle,  blow  air  through  pipe 
for  dirt  in  the  pipe  will  clog  the  valves  in  the  kettle  and  cause  trouble. 

"Be  sure  that  valves  are  screwed  on  tight  and  that  there  are  no  kinks 
iu  the  hose.  If  a  valve  blows  off  or  a  hose  'busts',  some  one  is  liable  to 
get  hurt." 

Mr.  A.  J.  Sackett,*  Assoc.  M.  Am.  Soc.  C.  E.— The  speaker  can  add  very 

Sackett  ^.^^^^  ^^  ^^^.^  excellent  paper,  which  covers  the  ground  so  thoroughly. 
Mr.  Hogan  in  the  course  of  his  discussion  brought  out  the  fact  that 
it  is  impossible  to  force  grout  into  poor  concrete.  The  speaker  has^ 
found  that  this  is  true  except  when  the  concrete  is  placed  in  com- 
pressed air,  in  which  case  grout  washed  on  the  surface  of  the  concrete 
will  be  carried  through  the  concrete  and  fill  up  the  voids  thus  preventing 
the  escape  of  air  from  the  tunnel  and  also  decreasing  the  leakage  into 
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the  tunnel  when  the  pressure  is  removed.     Experience  gained  from      Mr. 
grouting  the  Moodna  Siphon  where  IJ-in.  pipes  were  used  through  the  ^^^'^'^"■ 
concrete  lining  shows  that  much  better  results  can  be  obtained  by  using 
a  larger  pipe;  2-in.  pipes  were  used  on  Section  No.  63  of  the  City 
Tunnel,  resulting  in  a  better  job  of  grouting  and  economy  in  time. 

When  electric  power  is  available,  it  is  more  economical  to  develop 
the  compressed  air  by  means  of  a  small  portable  compressor  at  the  grout 
tank  than  to  transport  the  compressed  air  from  a  central  plant  through 
pipe  lines. 

In  answer  to  the  question  as  to  why  hand  pumps  were  used  in 
grouting  on  the  Catskill  Aqueduct,  it  has  been  the  speaker's  experience 
that  grouting  by  hand  pumps  is  a  makeshift  and  only  resorted  to  on 
small  jobs  and  at  places  where  power  is  not  available  or  too  expensive  to 
obtain. 

Concreting  the  150-ft.  forms  on  Section  'No.  63,  which  Mr.  Sanborn 
has  requested  the  speaker  to  describe,  was  a  simple  process  and  did  not 
differ  in  any  material  way  from  the  methods  used  to  line  the  tunnel  on 
other  sections  of  the  aqueduct.  Sand  and  crushed  stone  passed  by 
gravity  from  bins  at  the  shaft  head  to  a  measuring  hopper,  then  through 
a  12-in.  wrought-iron  pipe  to  a  1-cu.  yd.  concrete  mixer  mounted  at  the 
foot  of  the  shaft.  The  cement  was  mixed  with  water  at  the  top  of  the 
shaft,  to  prevent  dust,  and  dropped  though  the  same  pipe  with  the  coarse 
aggregate.  The  mixed  concrete  was  transported  in  1-cu.  yd.,  side-dump 
cars,  in  trains  of  8  to  10  cars  hauled  by  electric  motors.  The  forms 
were  built  of  steel  and  mounted  on  trucks  which  traveled  on  the  same 
track  used  by  the  material  cars.  The  trains  of  concrete  cars  were 
hauled  up  an  incline  to  the  platform  of  the  forms  by  an  electric  hoist. 
The  side- wall  form  traveled  in*  front  of  the  arch  form,  the  two  being  con- 
creted at  the  same  time.  Cars  were  dumped  on  the  platform,  which  was 
about  18  in.  above  the  springing  line  of  the  tunnel,  and  the  concrete 
was  shoveled  into  the  forms  by  hand. 

Andrew  A.  Cohill,*  M.  Am.  Soc.  C.  E.  (by  letter) .f — In  the  con-    Mr. 
struction  of  two  tunnels  under  the  East  River  at  60th  Street,  known  as  ^°'^'"- 
Route  61,  Broadway-Eourth  Avenue  Subway,  there  were  conditions  to 
contend  with  that  were  exceptional,  especially  the  leakage.    There  was  a 
water  pressure  exceeding  50  lb.  per  sq.  in.     The  problem  of  taking  care 
of  the  water  under  Blackwell's  Island  was  a  difficult  one. 

With  C.  M.  Holland,  M.  Am.  Soc.  C.  E.,  as  Tunnel  Engineer,  and 
M.  H.  Freeman,  M.  Am.  Soc.  C.  E.,  as  Resident  Engineer  in  direct 
supervision  of  the  work,  precisely  the  same  methods  as  those  described 
in  this  paper  were  used,  and  the  results  obtained  were  excellent.  Ap- 
proximately 11  000  ft.  of  tunnel  was  grouted,  of  which  5  000  ft.  has  a 
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Mr.     cast-iron  lining.     The  leakage  before  grouting  was  SCO  to  900  gal.  per 
^°'^'"'  min.;  this  was  reduced,  by  grouting,  to  approximately  25  gal.  per  min. 

The  writer  wishes  to  compliment  the  authors  on  the  excellence  of 
this  interesting  and  valur.ble  paper. 
Mr.  A.  J.  Mayell,  Assoc.  M.  Am.  Soc.  C.  E.*  (by  letter).! — The  writer 

^^^  '  was  much  interested  in  the  grouting  methods  used  on  the  water  tunnels, 
as  described  by  the  authors,  and  especially  in  the  use  of  grout  of 
varying  consistencies,  and  can  testify  that  the  methods  are  efficacious  in 
stopping  leaks  not  only  in  water  tunnels  but  in  the  New  York  subways. 

Similar  methods  were  recently  used  with  great  success  by  M.  H. 
Freeman,  M.  Am.  Soc.  C.  E.,  at  the  Broadway  Station  of  the  Canal 
Street  Crosstown  branch  of  the  Broadway-Fourth  Avenue  Subway 
where  considerable  leakage  developed  after  construction  was  completed, 
and  ground-water  which  had  been  lowered  by  pumping  during  con- 
struction regained  its  original  elevation. 

This  station  is  entirely  below  mean  high  water,  and  was  therefore 
enveloped  in  water-proofing  consisting  of  two  layers  of  brick  laid  in 
asphalt  mastic.  Where  it  passed  under  the  Interborough  Subway  in 
Lafayette  Street  and  the  Centre  Street  Loop  in  Centre  Street,  the  water- 
proofing, instead  of  being  carried  over  the  roof  of  the  new  structure,  was 
lapped  on  to  the  water-proofing  on  the  under  side  of  the  overhead  struc- 
tures. It  is  probable  that  a  slight  subsidence  of  the  mastic  together 
with  pressure  from  the  water  head  caused  this  water-proofing  lap  to  open 
slightly  and  admit  ground-water  into  the  subway. 

Before  the  ground-water  had  risen  to  its  normal  level,  the  station 
finish  was  placed  and  the  subway  put  in  operation,  so  that  when  the 
leakage  developed  the  water  was  carried  by  the  hollow  tile  and  through 
air  spaces  a  considerable  distance  from  the  points  of  entry  and  flowed 
across  the  platforms  causing  annoyance  and  inconvenience  to  passen- 
gers. 

It  was  decided  to  attempt  to  stop  the  leaks  by  grouting  from  the 
inside  of  the  structure;  holes  were  drilled  through  the  interior  walls 
in  the  general  direction  of  the  water-proofing  lap,  and  grout  was  injected 
under  pressures  of  from  30  to  70  lb.  per  sq.  in.  The  total  leakage  at  the 
start  was  about  160  gal.  per  min.,  most  of  it  coming  in  under  the  two 
overhead  structures.  The  grouting  reduced  the  leakage  to  less  than  1 
gal.  per  min. 

The  grouting  was  done  under  difficult  conditions.  The  station  plat- 
forms and  passageways  from  which  grouting  operations  had  to  be  car- 
ried on  were  crowded  during  rush  hours  and  great  care  had  to  be  taken 
to  prevent  accidents.  Moreover,  special  precautions  were  necessary  and 
constant  vigilance  had  to  be  exercised  to  prevent  the  grout  from  filling 
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the  hollow  tile,  air  spaces,  lighting  conduits  and  drains.     Pressures  had     Mr. 
to  be  kept  fairly  low  to  prevent  damage  to  the  structure  and  to  the  over-     ^^^  " 
head  structures. 

The  great  force  that  may  be  exerted  by  grout  under  pressure  is  indi- 
cated by  the  fact  that  the  Interborough  Subway,  which  during  the  con- 
struction of  the  structure  below  it  had  settled  from  1  to  3  in.,  was  raised 
from  1  to  1^  in.  by  the  grouting.  This  occurred  after  all  the  holes  under 
the  Interborough  Subway  had  been  grouted  and  the  process  of  "squeez- 
ing" to  complete  the  seal  was  in  operation.  The  squeezing  was  done  by 
a  hand  grout  pump  with  a  pressure  gauge  attached.  The  pressure  gen- 
erally used  was  between  50  and  60  lb.  per  sq.  in.,  but  on  this  occasion 
the  grout  was  going  in  very  slowly  and  the  pressure  was  increased,  as  it 
was  thought  that  the  space  between  the  two  structures  had  been  quite 
thoroughly  grouted  and  that  the  grout  could  not  exert  pressure  on  any 
great  area  of  the  overhead  subway  bottom. 

No  damage  was  done  to  the  overhead  structure ;  on  the  contrary,  the 
lifting  eliminated  the  greater  part  of  the  depression  in  the  inverts  of 
the  Interborough  structure  which  the  operating  company  had  thought 
might  affect  the  drainage  of  its  tracks. 

That  the  results  obtained  were  so  successful  was  due  to  the  intimate 
knowledge  which  Mr.  Freeman  had  of  the  action  and  effect  of  grout  of 
-different  consistencies  and  his  constant  attention  to  this  detail. 
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Black,  and  William  J.  Wilgus. 


William  Wren  HAY,t  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter).:}: — It  is  Mr. 
not  generally  realized  that  the  so-called  "Light  Railway"  was  carefully  ^^^' 
studied,  and  the  standards  of  track  and  rolling  equipment  developed  in 
Europe  during  the  late  '80s.  Originally  used  by  Decauville  in  his  plant 
at  Petit-Bourg,  it  was  proposed  by  Col.  Pechot  (then  a  Captain  of  Artil- 
lery),  as  a  means  for  the  movement  and  supply  of  heavy  siege  artillery, 
and  was  the  object  of  extended  experiments  and  studies  conducted  by 
Col.  Pechot,  with  the  collaboration  of  M.  Bourdon,  a  Government  engi- 
neer, during  the  period  1881-89.  The  name  ''Pechot"  survives  in  the 
Pechot  locomotive.  Type  1888,  in  the  system  of  multiple  axle  trucks 
used  under  heavy  artillery  pieces,  and  in  various  manufacturers'  cata- 
logues in  the  track  described  as  "System  Pechot." 

In  1882-85,  the  track  now  known  throughout  the  world  as  "Decau- 
ville" was  developed  by  the  company  of  that  name  and  has  served  as  the 
model  for  most  of  the  track  made  in  Europe,  and  its  influence  is  readily 
traced  in  the  United  States.  The  system  developed  in  France  served 
also  as  a  model  for  the  Germans,  and  after  tests  conducted  by  them  in 
1891,  was  adopted  in  1892,  and  standardized  as  Army  equipment  in 
1897. §    There  is  a  record  that  as  early  as  1879  the  Austrians  had  some 
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lished in  January,  1920,  Proceedings,  and  presented  at  the  meeting  of  March  3d, 
1920),  is  printed  in  Proceedings  in  order  that  the  views  expressed  may  be  brought 
before  all  members  for  further  discussion. 
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Mr.  narrow  gauge  railway  equipment  for  military  purposes,  but  the  writer 
is  unable  to  determine  when  it  was  standardized  for  such  use. 

The  Germans  adopted  the  light  railway  for  strategic  use  in  times  of 
peace,  supplementing  their  standard  gauge  railways  toward  their  fron- 
tiers, but  after  trench  warfare  became  fixed  in  the  recent  conflict,  they 
developed  a  very  dense  system  of  narrow-gauge  supply  lines,  particu- 
larly in  front  of  Verdun  and  in  the  St.  Mihiel  salient,  as  is  well  shown 
on  the  map  (Plate  I).  So  general  was  their  use  in  the  St.  Mihiel  area, 
that  batteries  and  billeting  areas  on  the  slopes  of  steep  hills  were 
supplied  direct  from  the  main  lines  in  the  valleys  by  means  of  funicular 
tracks. 

Originally,  the  writer  believes,  the  French  Army  developed  this  ma- 
terial for  use  in  connection  with  siege  batteries  and  permanent  fortifi- 
cations, but  it  was  soon  realized  that  it  was  also  of  strategic,  or  tactical, 
value,  and  considerable  experience  was  gained  by  them  in  connection 
with  the  military  railways  built  in  the  French  Zone,  in  Morocco.  From 
press  reports,  the  French  had  at  the  beginning  of  the  war  about  870 
miles  of  60-cm.  track,  with  60  locomotives,  and  350  cars.  At  the  sign- 
ing of  the  Armistice,  this  had  been  increased  to  almost  2  500  miles  of 
track,  900  locomotives,  and  4  500  cars.  The  American  forces  were  re- 
ported by  the  Chief  of  Engineers  to  have  been  operating  1  390  miles  of 
track,  of  which  about  1  080  were  captured  German  lines,  165  locomo- 
tives of  all  classes,  and  1  695  cars.  The  writer  has  seen  no  statement 
of  the  mileage  of  either  the  British  or  German  lines. 

Contrary  to  the  text,  both  the  French  and  German  standards  for 
portable  track  are  for  rail  weighing  9.5  kg.  per  m.  (about  19  lb.  per  yd.), 
in  both  cases  attached  to  eight  rolled  steel  ties  per  5-m.  length,  the  Ger- 
man track  being  clip-bolted  as  shown,  the  French  cold  riveted  to  the  ties. 
The  usual  French  rail  has  a  greater  base  than  height,  while  the  German 
rail  has  a  greater  height  than  base.  During  the  war,  many  sections 
were  in  use.  These  can  be  compared  with  the  equal  base  by  height 
standard  20-lb.  rail  used  by  the  English,  and  the  standard  American 
25-lb.  section.  The  axle  concentration  on  this  track  was  not  allowed  to 
exceed  3  500  kg.  for  0-6-0  type  locomotive  loading.  (In  this  connec- 
tion, the  conclusion  reached  by  British  engineers  in  India  was  to  allow 
3  long  tons — about  3  000  kg. — for  the  concentration  on  20-lb.  rails,. 
24-in.  gauge  track). 

The  Pechot  locomotive  has  received  a  great  deal  of  publicity  since 
the  opening  of  hostilities  in  1914.  It  was  originally  developed  for  use 
in  and  around  fortifications,  where  sharp  curves  and  steep  grades  were 
necessary,  and  probably  rendered  its  most  notable  service  on  the  steep 
hillsides  in  and  around  Verdun,  the  very  service  for  which  it  was  in- 
tended. The  trucks  are  of  the  suspended,  articulated  type.  The  fire- 
box is  double,  with  a  single  grate,  and  so  designed  that  for  all  grades 
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less  than  10%  it  is  constantly  sifbmerged.    The  interesting  thing  to  the  Mr. 
general  public  is  that  this  locomotive  is  double  and  "works  both  ways".     ^^' 
The  grate  area  is  too  small  for  heavy  service.     These  locomotives  are 
very  expensive  compared  to  other  types. 

A  locomotive  of  the  Mallet  articulated  type,  0-6-6-0,  was  built  in 
Europe  before  the  War  and  received  some  use  in  Morocco  and  on  fortifi- 
cation construction,  but  whether  any  was  used  on  the  light  railways 
of  the  battle  front  the  writer  never  heard.  The  majority  of  the  locomo- 
tives used  by  the  French  were  the  Decauville  8-ton  (empty),  0-6-0  type, 
developed  from  the  experience  gained  in  Morocco. 

F.  W.  Green/  M.  Am.  Soc.  C.  E.  (by  letter).!— The  author  is  to  be  Mr. 
congratulated  on  the  thorough  and  comprehensive  manner  in  which  he 
has  treated  this  interesting  subject.  While  much  has  been  written  on 
various  other  activities  incident  to  the  conduct  of  the  war,  very  little 
has  been  done  in  the  way  of  description  of  the  construction  and  opera- 
tion of  the  "light  railways."  This  paper,  therefore,  presents  to  the 
Profession  a  subject  comparatively  new;  and  while  it  relates  to  the 
application  of  the  light-railway  principle  to  military  operations,  the 
civil  engineer  will  not  fail  to  observe  its  availability  for  a  number  of 
purposes,  in  which  it  may  prove  to  be  more  economical  than  practices 
heretofore  followed. 

While  serving  with  the  Third  British  Army  as  an  officer  of  the 
Twelfth  Engineers,  in  an  endeavor  to  discover  the  raison  d'etre  of 
the  "light  railways",  the  writer  was  informed  that  the  experiences  of 
the  winters  of  1914-15  and  1916-17,  especially  the  latter,  clearly  indi- 
cated the  danger  of  military  reverses  involved  in  an  adherence  to  the 
use  of  motor  lorries  for  transportation  between  railheads  and  battle 
front.  With  the  unprecedented  density  of  men  in  the  battle  lines, 
transportation  by  motor  transport  involved  chronic  congestion,  with 
consequent  decrease  in  mobility,  as  well  as  the  diversion  from  combat 
duty  of  large  numbers  of  men  required  to  keep  the  highways  passable. 
It  was  felt  that  the  saturation  point  had  about  been  reached  when  the 
damage  done  to  roads  by  motor  trucks  hauling  road  repair  material 
almost  offset  the  benefits  accruing  to  the  road  by  the  use  of  said 
material. 

In  casting  about  for  means  of  ameliorating  these  conditions,  their 
attention  was  called  to  what  the  French  styled  the  "Decauville"  rail- 
way, usually  of  1-m.  gauge.  The  British  decided  to  adopt  a  gauge  of 
60  cm.  because  of  considerations  of  greater  mobility,  less  cost,  and  in- 
ability of  the  enemy  to  connect  up  with  it  and  use  it  in  case  of  retire- 
ment before  it  could  be  removed. 

The  writer  recalls  having  observed  the  use  of  light  railways  in  cer- 
tain large  manufacturing  plants,  notably  steel  mills,  as  long  ago  as  25 
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Mr.    years.     It  is  not  known  whether  that'  was  another  application  of  the 

GtTGQTl. 

''Decauville"  principle,  or  a  mere  coincidence. 

Early  in  1917,  light  railways  were  started  experimentally  behind 
one  of  the  British  Armies.  Their  success  was  so  immediate  that  by  the 
summer  of  that  year  the  larger  percentage  of  transport  between  broad- 
gauge  rail-heads  and  the  battle  front  was  changed  from  motor  lorries  to 
the  light  railways.  The  writer  was  informed  by  a  British  officer  that 
about  18  miles  of  single  track  light  railway  operation  in  the  Gouzeau- 
court  sector  permitted  the  abandonment  of  the  operation  of  over  600 
motor  lorries  and  the  retirement  from  road  maintenance  labor  forces 
of  over  3  000  men. 

In  the  back  areas,  steam  locomotives  were  used ;  where  under  enemy 
observation  day  and  night,  gas  or  gas-electric  tractors  were  employed. 
In  the  design  of  the  steam  locomotives,  the  saddle  type  of  water  tank 
was  provided,  presumably  because  of  the  additional  adhesion  available 
for  tractive  effort.  Whatever  advantage  thus  accrued  was,  in  the 
writer's  opinion,  more  than  oifset  by  the  decreased  stability  against 
overturning  resulting  therefrom.  As  these  locomotives  were  "shopped", 
the  saddle  tanks  were  sometimes  removed  and  mounted  on  a  trailer  type 
of  tender  behind  the  locomotive,  and  it  was  remarked  that  the  tendency 
to  derailment  was  very  much  reduced. 

It  is  believed  that  there  is  a  large  field  for  the  development  of  this 
type  of  transportation  in  the  United  States.  A  great  amount  of  high- 
way construction  is  now  under  way  in  many  States.  The  transport  of 
road  material  from  broad-gauge  railway  cars  to  the  point  required  on  the 
work  by  gas  or  gas-electric  tractors  and  self -dumping  equipment  should 
prove  much  more  economical  than  by  the  use  of  teams.  Similarly, 
there  are  large  areas  of  hardwood  timber  suitable  for  railway  cross-ties 
and  other  purposes,  which  heretofore  have  been  considered  beyond  the 
limit  of  commercial  exploitation.  The  light  railway,  cheap  of  construc- 
tion and  maintenance,  the  track  of  which  can  be  used  over  and  over 
again  with  small  cost  of  removal,  ought  to  find  a  field  for  development 
in  such  cases. 

The  author  undoubtedly  gave  much  more  thorough  consideration  to 
developing  his  design  for  the  rail-head  at  Sorcy  than  is  usual  under 
war-time  conditions.  As  a  result  he  has  succeeded  in  obtaining  the 
most  complete  and  practicable  layout  the  writer  has  ever  seen.  In  the 
stress  of  war  it  is  quite  common  for  such  layouts  to  be  made  to  fit  the 
grovmd  with  a  minimum  of  construction  effort,  without  regard  to  con- 
venience and  facility  of  operation. 

In  the  design  of  the  lift  bridge  at  Void,  the  author  has  demon- 
strated not  only  the  resourcefulness  with  which  American  civil  engi- 
neers applied  themselves  to  the  solution  of  military  problems,  but  also 
that  Mars  and  Apollo  follow  different  paths. 
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The  Howe  trusses  over  the  Eastern  Railway  at  Sorcy,  however,  are  Mr. 
evidently  the  result  of  very  careful  and  conscientious  designing,  and 
when  considered  from  the  standpoint  of  military  engineering,  are  un- 
usually pleasing  to  the  eye.  The  location  of  the  line  from  Abainville 
to  Sorcy  also  shows  that  much  thought  and  study  was  given  to  it,  and 
Col.  Jonah  is  entitled  to  much  credit  for  the  successful  results  obtained. 

William  M.  Black,*  M.  Am.  Soc.  C.  E.  (by  letter).! — In  the  intro-  Mr. 
duction  to  his  paper,  the  author  states  that  the  execution  of  the  light 
railway  work  was  almost  entirely  in  charge  of  Engineers  from  civil 
life.  At  this  time  when  the  necessity  for  universal  military  training 
for  our  citizens  is  under  consideration,  and  further,  while  some  members 
of  the  Society  are  advocating  the  removal  from  the  charge  of  the  Corps 
of  Engineers  of  the  Army  of  the  civil  works  from  which  alone  the 
officers  of  that  corps  were  enabled  to  obtain  practical  training  in  time  of 
peace  in  the  organization  and  conduct  of  important  engineering  works — 
with  the  development  of  character  which  results  from  such  responsibil- 
ities— certain  comments  on  this  statement  are  pertinent. 

At  the  outbreak  of  the  war,  in  accordance  with  the  traditional  policy 
of  our  country,  the  United  States  had  available  a  pitifully  small  num- 
ber of  trained  soldiers  by  whom  her  great  man  power  could  be  trained 
and  made  useful  for  the  struggle  into  which  she  had  been  forced. 

On  April  10th,  1917,  there  were  only  256  engineer  officers  in  the 
Regular  Army.  In  the  National  Guard,  the  Engineer  Service  had  been 
neglected  and  even  in  the  few  engineer  units  of  that  service  many  of 
the  officers  were  not  engineers.  During  the  war  the  number  of  regular 
officers  was  increased  to  449,  partly  from  graduates  of  the  United  States 
Military  Academy  and  partly  from  young  graduates  of  civil  technical 
schools.  Of  these  regular  officers,  94%  were  engaged  in  military  duty 
during  the  war.  Of  the  remainder,  the  majority  were  physically  unfit 
for  field  work.  They,  assisted  by  engineer  officers  on  the  retired  list 
and  the  United  States  Assistant  Engineers,  kept  the  civil  works  in 
charge  of  the  Corps  in  uninterrupted  operation.  At  the  outbreak  of 
the  war,  the  total  enlisted  strength  of  the  Engineers  of  the  regular  army 
was  2  228,  organized  into  15  units.  The  necessities  of  war  required 
the  expansion  of  the  above  to  473  units,  comprising  284  983  men.  The 
number  of  commissioned  officers  was  increased  to  10  886. 

It  is  manifest  that  this  great  expansion  coiild  not  have  been  accom- 
plished efficiently  without  the  aid  of  the  civil  engineers  of  the  country. 
This  aid  was  rendered  promptly  and  willingly,  and  the  final  success  of 
our  operations  in  France  is  manifestly  due  greatly  to  their  eiforts.  But 
is  there  a  man  of  all  this  number  who  did  not  regret  that  he  had  not 
had  previous  training,  at  least  in  matters  of  army  organization  and 

*  New  York  City. 
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Mr.  administration?  Was  it  not  a  difficult  task  for  many  to  merge  their 
individualities  in  the  whole  and  to  learn  to  act  simply  as  one  cog  of 
the  great  military  machine?  Is  there  one  who  did  not  recognize  the 
waste  of  life  and  treasure  which  follows  the  entering  of  a  nation  into 
war  without  proper  preparation  and  prior  training  of  her  man  power? 

The  author  has  given  an  interesting  account  of  one  item  of  the  light 
railway  work  of  our  forces  in  France.  Before  we  entered  into  the  war 
the  necessity  for  light  railways  had  been  established  as  an  essential 
part  of  the  Army  transportation  system.  Its  zone  of  operations  is  from 
the  rail  head  beyond  which  the  standard-gauge  railways  cannot  be  main- 
tained, up  to  the  firing  line,  a  distance  of  about  10  miles  ordinarily, 
although  in  the  Toul  sector  there  was  a  regular  service  over  a  distance  of 
from  26  to  33  miles.  When  hostilities  ended  2  240  km.  of  light  rail- 
ways were  under  American  Army  control,  of  which  about  300  had  been 
originally  constructed  by  the  French,  but  rehabilitated  by  t^e  Amer- 
icans, 200  had  been  constructed  outright  by  the  American  forces  and 
1  740  had  been  captured  from  the  Germans. 

Up  to  February  1st,  1919,  American-operated  light  railways  hauled 
860  600  tons  of  ammunition,  forage,  rations,  water  and  construction 
materials  and  personnel,  representing  a  ton  mileage  of  8  106  700,  includ- 
ing the  empty  haulage.* 

Though  the  material  supplied,  both  track  and  rolling  stock,  proved 
satisfactory,  there  is  need  for  further  experiment  and  improvement.  In 
some  respects  the  German  locomotives  were  judged  superior  to  ours. 

As  a  measure  of  economy  in  administration  as  well  as  to  provide 
a  means  for  trying  out  new  devices  in  material  and  for  giving  training 
to  a  limited  number  of  officers  and  enlisted  men,  the  writer,  when  Chief 
of  Engineers,  advocated  the  installation  of  a  system  of  light  railways 
at  each  of  the  large  permanent  army  camps.  Such  a  system  is  installed 
at  the  Engineer  Post  at  Camp  A.  A.  Humphreys,  Va.,  and  its  operation 
has  resulted  in  a  material  saving  of  expense  as  compared  with  the  usual 
transportation  of  men  and  supplies  by  motor  trucks. 
Mr.  William  J.  WiLGUS,t  M.  Am.  See.  C.  E.  (by  letter).:}: — The  writer 

feels  that  it  will  not  be  amiss  to  touch  on  the  early  development  of  the 
Light  Railway  Section  of  the  American  Army's  transportation  activities 
in  France.  In  June,  1917,  as  a  member  of  a  commission  sent  by  the 
War  Department  to  report  on  the  railway  needs  of  the  armies  of  the 
Allies,  the  writer  had  an  opportunity  of  cursorily  observing  the  methods 
adopted  by  the  British  and  French  on  the  Western  Front;  and  shortly 
after,  when  he  was  assigned  to  duty  with  Gen.  Pershing's  staff  and 
undertook  the  task  of  planning  for  the  transportation  of  our  troops 
and  supplies,  he  was  able  to  use  the  information  so  gained  as  a  basis 

♦  Historical  Report,  Chief  Engineer,  A.  E.  F. 
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for  estimating  our  probable  requirements   in   that   respect,   including     Mr. 
"Light  Railways".  '^"^"«- 

In  the  absence  of  a  decision  as  to  the  intended  size  of  the  American 
forces  in  France  and  where  they  were  to  fight,  the  writer  arbitrarily 
assumed  that  within  a  year  they  would  total  500  000  fighting  men, 
equivalent  to,  say  750  000  men  in  all  branches  of  the  service.  Likewise 
he  assumed  that  the  combat  troops  would  function  in  the  foothills  of 
the  Vosges,  along  a  front  of  some  40  miles  centering  on  Nancy,  and 
that  the  volume  of  supplies  of  all  kinds  to  be  transported  would 
average  60  lb.  per  man  per  day  for  all  our  forces,  or  30  lb.  per  man 
per  day  in  the  advance  area  for  those  actively  engaged  at  the  front. 
It  should  be  added  that  a  40-mile  sector  was  assunied  because  it  was 
understood  that  an  average  of  12  500  troops  per  mile  of  front  was  the 
maximum  that  could  be  effectively  employed.  Later,  it  was  found  that 
this  average  was  too  small  and  that  the  point  of  saturation  was  some- 
where between  15  000  and  17  500  per  mile. 

A  depth  of  from  5  to  12  miles  along  the  front  was  taken  as  the 
zone  within  which  supplies  would  be  distributed  largely  by  means  of 
light  railways,  as  experience  had  shown  that  it  was  unwise,  from  the 
standpoint  of  safety,  to  maintain  standard-gauge  rail-heads  nearer  than 
the  lesser  of  these  distances,  while  operating  conditions  forbade  a 
distance  in  excess  of  the  greater.  The  later  experiences  of  the  British 
led  them  to  the  conclusion  that  the  light  railways  could  function  with 
the  rail-head  at  a  minimum  distance  of  8  miles  from  the  front  with 
nearly  the  same  operating  efficiency  as  at  5  miles,  while  the  safety 
would  be  quadrupled.  In  fact,  they  considered,  as  a  result  of  several 
years  of  trench  warfare,  that  the  depth  of  the  zone  to  be  served  by 
light  railways  should  vary  from  8  to  16  miles,  instead  of  5  to  12  miles, 
the  accepted  practice  at  the  time  of  our  entry  into  the  war. 

Within  this  zone  it  was  customary,  in  general,  to  have  three  single- 
track  lines,  parallel  with  the  front,  and  connected  with  each  other  and 
with  the  standard-gauge  rail-heads  in  such  manner  that  the  traffic  of 
the  group  serving  each  rail-head  would  circulate  in  one  direction  over 
a  multiplicity  of  routes,  with  ample  insurance  against  serious  inter- 
ruption in  case  any  part  of  the  group  should  be  injured  by  shell  fire. 
The  line  nearest  the  enemy  was  intended  for  supplying  the  front  line 
trenches  and  light  artillery,  the  second  for  the  medium  and  the  third 
or  rear  line  for  the  heavy  guns.  The  standard-gauge  rail-heads,  at 
which  supplies  and  troops  were  transferred  to  the  light  railways, 
averaged  a  distance  of  3  miles  apart  in  the  French  sectors,  each  rail- 
head thus  serving  approximately  22.5  route  miles  or  30  single-track 
miles  of  light  railways,  which  in  turn  distributed  supplies  for  from 
40  000  to  50  000  men. 

On  the  basis  of  an  average  of  10  miles  of  single  track,  or  7.5  miles 
of  route,  per  mile  of  front,  it  was  estimated  that  materials  should  be 
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Mr.     ordered  for  400  miles  of  single  track,  with  steel  ties  (2  640  per  mile), 
'  ^"^"  to  which  20%  was  added  for  various  services  in  the  rear  and  for  stock 
on  hand,  a  total  of  480  miles. 

The  requirements  for  turn-outs  were  found  to  average  10  per  mile 
of  single  track,  and  therefore  4  800  sets  were  ordered,  of  which  one-half 
each  were  to  be  right  and  left  handed.  It  was  designated  that  the  leads 
should  have  a  radius  of  30  m.  and  that  the  ground  switch-stands  should 
throw  parallel  to  the  track. 

As  stated  by  the  author,  rails  weighing  approximately  20  lb.  per 
yd.  were  in  general  use  by  the  Allies,  but  there  was  a  general  feeling, 
especially  among  the  British,  that  this  was  too  light  for  the  proper 
maintenance  of  track,  ballasted  as  a  rule  with  poor  material  and  laid 
on  soft  ground  often  torn  by  shell  fire.  Under  these  circumstances  a 
stiff er  rail  weighing  25  lb.  per  yd.  was  adopted,  even  though  the 
heavier  weight  would  be  more  disadvantageous  in  laying  track.  Lengths 
of  rail  were  &xed  at  5  m.  with  a  small  proportion  of  2^  and  1^-m. 
lengths  for  closures  at  curves;  20%  of  the  rail  was  ordered  curved,  of 
which  70%  was  to  have  a  radius  of  30  m.,  15%  of  50  m.,  7J%  of  20  m., 
and  7i%  of  100  m. 

The  question  of  ties  was  troublesome.  The  operations  of  the 
British  lay  in  the  flatter  region  of  the  North,  where  the  soil  was  com- 
paratively soft  and  where  the  topography  was  such  as  to  require  cuts 
and  fills;  whereas  with  the  French  in  the  higher  altitudes  rock  was  at 
the  surface  and  the  terrain  was  such  that  tracks  could  be  built  on  the 
contour  lines  with  practically  no  grading.  In  consequence,  the  British 
in  many  places  found  necessary  the  use  of  such  wood  as  they  could 
pick  up  for  interlacing  between  the  steel  ties,  especially  in  shell-torn 
areas  where  it  was  necessary  to  raft  the  track  over  soft  fillings.  It  was 
felt  that  the  troubles  of  the  British  would  be  obviated  by  adopting 
short  wooden  ties,  4  by  6  in.  by  4  ft.,  of  which  115  000  were  ordered 
specially  for  that  purpose. 

The  type  of  fastenings  called  for  careful  consideration.  The  British 
did  not  look  with  favor  on  the  French  practice  of  riveting  the  ties  to 
the  rails  because:  (a)  much  trouble  resulted  from  irregularity  of  the 
fixed  gauge  due  to  poor  workmanship;  (&)  the  rivets  were  said  to  rust 
and  break  under  traffic,  with  resultant  derailments;  and  (c)  pre- 
assembling  of  the  track  parts  prevented  close  packing  for  shipment  and 
in  consequence  was  wasteful  of  vessel  and  car  space  in  transportation 
by  sea  and  land.  The  latter  reason,  bearing  as  it  did  on  the  trans- 
portation factor  that  was  to  have  so  much  to  do  with  winning  the  war, 
was  considered  sufficiently  forceful  to  dictate  the  use  of  clip  fastenings 
which  permitted  the  close  packing  of  the  rails  and  ties  separately,  and 
later  their  assembling  when  and  where  needed. 

In  the  ordering  of  rolling  stock  the  experience  of  the  British  was 
found  to  be  borne  out  quite  closely  by  an  analysis  of  the  requirements 
under  the  above-mentioned  conditions. 


Papers.]  DISCUSSION  :  LIGHT  RAILWAYS  OF  THE  BATTLE  FRONT  511 

Counting  three  gasoline  as  equal  to  one  steam  locomotive,  the  Mr. 
calculated  needs,  based  on  an  average  length  of  haul  of  5i  miles,  an  '  ^"^' 
average  daily  performance  per  equivalent  vporking  locomotive  of  300 
ton-miles  and  a  surplus  of  40%  over  actual  working  needs,  were 
about  0.54  equivalent  locomotives  per  mile  of  single  track  or  a  total 
of  258.  Of  these  approximately  three-quarters,  or  195,  were  to  be  steam 
locomotives.  The  remainder,  multiplied  by  three,  gave  the  required 
number  of  gasoline  engines,  1S9,  of  which  two-thirds  were  to  have  a 
capacity  of  40  h.p.  and  one-third  of  20  h.p.  It  was  requested  of  the  War 
Department  that  the  steam  locomotives  weigh  3  J  tons  per  axle  and  that 
the  saddle  tanks  be  so  hung  as  to  give  a  low  center  of  gravity.  The 
failure  to  observe  this  precaution  with  the  British  was  the  cause  of 
frequent  and  embarrassing  derailments  on  soft  track. 

As  to  cars,  the  British  authorities  gave  their  average  requirements 
as  ranging  from  12  to  14  per  route  mile  or  9  to  10^  per  track-mile. 
Calculations  based  on  the  aforesaid  data  and  on  a  daily  performance 
of  27  ton-miles  per  working  unit,  and  an  allowance  of  30%  in  excess 
of  average  working  needs,  yield  a  figure  of  8.2  cars  per  route  mile. 
Owing  to  uncertainty  on  this  point  at  the  time  of  estimating  in  July, 
1917,  a  figure  was  used  of  approximately  9.3  cars  per  route  mile  or 
13  per  equivalent  locomotive,  making  the  total  number  ordered  3  332, 
of  the  following  types : 

17-f t.  bogie  cars,  open  top,  low  sides 1  700 

17-ft.  bogie  flats,  with  stanchions 480 

8-ft.  box  cars 720 

Bogie  bolster 96 

Tip  cars  240 

Bogie  tank  cars  (1  500  gal.  for  army  use) 96 


3  332 


It  was  requested  that  the  cars  having  a  capacity  of  9.3  long  tons 
should  have  their  contents  capacity  increased  from  225  to  240  cu.  ft., 
equivalent  to  the  contents  of  the  10-ton  standard  gauge  car  of  the 
European  type,  as  practice  had  shown  that  this  was  highly  desirable  in 
transhipping  ammunition  at  the  raillieads. 

The  cabled  order,  sent  in  July,  1917,  also  included  220  crossing- frogs 
of  various  angles,  for  intersecting  standard-gauge  and  light-railway 
tracks;  a  selector  telephone  system  for  330  miles  of  territory,  with 
five  dispatchers'  outfits  and  station  apparatus  on  the  basis  of  stations 
one  mile  apart;  330  portable  cabins;  48  portable  gasoline  pumps 
including  suction  pipes  and  fixtures,  each  with  a  capacity  of  3  000  gal. 
per  hour  against  a  head  of  150  ft. ;  48  000  lin.  ft.  of  various  sized  pipe 
with  valves  and  fittings ;  48  demountable  15  000-gal.  water  tanks  witli 
valves  and  spouts;  tools  and  machinery  for  a  general  repair  shop  and 
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Mr.     for  16  round-houses;  maintenance  tools  for  420  track  gangs;  20  loco- 
'  ^"^' motive  cranes;  a  supply  of  8  by  16-in.  bridge  stringers,  and  ample 
spare  parts. 

At  that  early  date  the  question  of  forces  for  constructing,  main- 
taining and  operating  the  light  railway  system  was  also  considered. 
The  experience  of  the  British  pointed  to  the  following  average  needs 
per  single  track  mile: 

Number  of 
men. 

Operation,  exclusive  of  maintenance  of  way 10 

Maintenance  of  way 14 

Total 24 

Construction  (maximum)    20 

Grand   total 44 

Therefore  it  was  contemplated  that  upwards  of  21  000  men  would 
be  required  under  these  conditions. 

In  forecasting  fuel  consumption  it  was  estimated  that  steam  loco- 
motives would  require  48  lb.  of  coal  per  locomotive  mile  and  gasoline 
locomotives  0.35  gal.  per  mile. 

The  writer's  connection  with  the  "Light  Railways"  section  of  the 
Army's  transportation  service  was  terminated  a  few  months  after  its 
inception,  and  hence  he  was  not  intimately  in  touch  with  its  later 
development.  He  ventures  the  hope  that  the  author  will  point  out  the 
faults  of  the  original  plan  and  procedure  as  here  outlined,  not  only 
as  an  aid  to  those  who  later  may  have  to  cope  with  similar  problems, 
but  also  as  a  warning  against  the  inexcusable  laxity  and  absence  of 
ordinary  foresight  on  the  part  of  the  War  Department  or  other 
Governmental  agency  in  having  done  absolutely  nothing,  prior  to  our 
entry  into  the  war,  to  study  the  transportation  needs  and  practices  of 
the  contending  armies  through  experienced  eyes,  with  a  view  to  having 
in  readiness  a  well  thought-out  plan  embracing  suitable  provision  for 
the  material  and  personnel  necessary  for  the  prompt  disembarking, 
storage,  and  distribution  of  our  troops  and  supplies  from  the  sea  to 
the  firing  line. 

It  is  also  to  be  hoped  that  the  author,  in  addition  to  pointing  out 
the  way  in  which  possible  errors  in  our  early  planning  of  the  "Light 
Railways"  may  be  avoided  in  future  military  operations,  will  also  dwell 
on  the  extent  to  which  the  change  from  trench  to  open  warfare  modified 
the  forecasts  which  were  predicated  on  the  preservation  of  the  status 
quo.  At  the  time  of  our  entry  on  the  scene,  the  British  considered 
that  as  far  as  any  great  advance  was  concerned,  a  forward  movement 
of,  for  example,  5  to  8  miles  in  two  days  would  mean  "open  warfare" 
in  which  event  the  use  of  light  railways  would  disappear;  but  it  was 
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of  course  unsafe  not  to  order  light  railway  materials  on  the  theory  that  Mr. 
the  Americans  would  be  successful  in  immediately  changing  the  char-  ^iigus. 
acter  of  operations.  However,  about  the  time  our  Army  commenced 
to  function  on  a  large  scale  the  enemy  rapidly  fell  back  on  the  entire 
Western  front  and  this  to  a  great  extent  relegated  the  light  railways 
to  the  background.  It  will  unquestionably  be  interesting  and  helpful 
to  have  known  the  extent  to  which  this  change  in  the  military  situation 
affected  the  usefulness  of  the  means  of  distribution  that  had  proven 
to  be  so  indispensable  while  the  armies  were  deadlocked. 
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Note. — Memoir.?  will  be  reproduced  in  the  volumes  ot  Transactions.  Any  in- 
formation which  will  amplify  the  records  as  here  printed,  or  correct  any  errors, 
should  be  forwarded  to  the  Secretary  prior  to  the  final  publication. 


LINN  MURDOCH  HUNTINGTON,  M.  Am.  Soc.  C.  E.* 


Died  November  24th,  1919. 


Linn  Murdoch  Huntington  was  born  on  November  11th.  1884,  at 
North  Bend,  Nebr.,  and  was  descended  from  old  New  England  stock. 
He  was  graduated  in  Civil  Engineering  from  the  University  of 
Nebraska  in  1904,  having  spent  all  his  vacations  in  railroad  work. 

After  his  graduation,  Mr.  Huntington  went  almost  immediately  to 
the  Panama  Canal  and  spent  practically  the  remainder  of  his  life  in 
the  tropics.  During  his  three  years  in  Panama,  he  rose  rapidly  from 
Rodman  to  Assistant  Superintendent  of  Public  Works  and  Assistant 
Engineer  of  Maintenance  of  the  Panama  Railroad.  Transferred  to 
Cuba  during  the  Second  Intervention,  at  the  request  of  Governor 
Magoon,  he  became  Second  Engineer  in  the  Department  of  Public 
Works  and,  later,  was  engaged  in  consulting  work  with  Marx  and 
Windsor,  an  American  contracting  firm. 

Leaving  Cuba  in  1910  Mr.  Huntington  joined  the  Department  of 
Public  Works  of  the  Dominican  Republic,  which  he  served  most  faith- 
fully and  creditably  in  many  capacities  until  1913,  when  nearly  all  the 
American  employees  were  precipitately  discharged  from  the  service. 

Shortly  afterward,  in  1914,  he  became  Vice-President  and  General 
Manager  of  the  Bramon  Estates  Company,  which  owned  and  operated 
one  of  the  largest  coffee  plantations  in  Venezuela,  where  he  remained 
until  a  few  months  before  his  death.  It  was  while  on  this  work  that 
his  wonderful  persistence  and  splendid  loyalty  showed  to  its  best 
advantage.  For  more  than  a  year  he  stayed  on,  fighting  an  unequal 
battle  for  the  retention  of  the  property  fraudulently  taken  over  by 
German  interests,  though  he  received  no  salary  and  little  support  from 
his  principals  at  home. 

Mr.  Huntington  was  a  pre-eminent  example  of  the  fighting  Ameri- 
can engineer  who  has  had  such  a  strong  influence  in  every  land  where 
the  empire  builder  has  followed  the  explorer  into  the  out-of-the-way 
places  of  the  earth.  He  might  have  been  the  inspiration  of  the  "Soldier 
of  Fortune"  which  has  enticed  so  many  of  his  kind  to  the  land  of  the 
dolce  far  niente. 

*  Memoir  prepared  by  J.  L.  Mann,  Esq. 
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"Hunt"  was  a  typical  "soldier",  fighting  and  working  incessantly, 
never  quitting,  neither  stopping  nor  giving  up  till  the  job  was  done, 
whatever  it  might  be.  Obstacles  added  zest  to  the  work,  but  he  never 
dreamed  of  failure.  At  the  end  it  was  the  same;  though  suffering  from 
a  disease  of  the  throat  which  had  prevented  him  from  taking  even 
water  and  having  been  kept  alive  for  several  days  with  oxygen,  he  gave 
no  sign  that  he  despaired  of  recovery.  As  far  as  any  one  could  see,  he 
considered  that  his  prospects  were  of  the  brightest,  and  his  plans  were 
all  for  the  future.  He  died  on  November  24th,  1919,  and  is  survived 
by  his  widow  and  a  son. 

Having  spent  practically  all  his  professional  life  in  the  tropics, 
Mr.  Huntington  had  absorbed  the  atmosphere  of  the  Latin  American 
and  spoke  the  language  so  well  that  he  was  frequently  taken  for  a 
native  of  various  South  American  countries. 

He  was  a  member  of  the  National  Arts  and  Salmagundi  Clubs  of 
New  York  City,  and  was  the  author  of  several  short  stories  published 
by  Harper's  and  other  magazines. 

Mr.  Huntington  was  elected  a  Junior  of  the  American  Society  of 
Civil  Engineers  on  May  2d,  1905,  an  Associate  Member  on  August 
31st,  1909,  and  a  Member  on  December  31st,  1913. 


WILLIAM  NEWBROUGH,  M.  Am.  Soc.  C.  E.* 


Died  November  2d,  1919. 


William  Newbrough  was  born  at  Philadelphia,  Pa.,  on  December 
15th,  1860.  After  receiving  his  preparatory  training  at  Dr.  Sach's 
School,  he  entered  Columbia  University,  New  York  City,  in  1876,  and 
was  graduated  from  the  School  of  Mines  in  1884  with  the  degree  of 
E.  M.    He  received  his  A.  M.  degree  in  1885. 

Erom  1884  to  1886,  he  was  Instructor  in  Civil  Engineering  at  Lafay- 
ette College,  and  from  1886  to  1888  acted  as  Instrumentman  and  Bridge 
Engineer  with  the  Atchison,  Topeka  and  Santa  Fe  Railroad. 

During  1888-89,  Mr.  Newbrough  served  as  Professor  of  Engineer- 
ing in  the  State  College  of  Kentucky,  and  for  the  two  years  following 
he  was  in  private  practice  and  also  held  a  position  as  Computer  in  the 
United  States  Surveyor-General's  Office,  at  Salt  Lake  City,  Utah.  He 
continued  private  practice  in  the  latter  city  until  1900,  including 
among  his  more  important  work.  Contract  188  for  the  survey  of  the 
Public  Lands  of  the  United  States  in  Utah,  the  duties  of  Chief  Engi- 
neer of  the  Lucerne  Land  and  Water  Company,  and  the  design,  location, 

•Memoir  prepared  from  information   on   file  at  the  Headquarters  of   llie   Society. 
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and  construction  of  14  miles  of  a  canal  crossing  three  divides  and 
costing  $23  000. 

In  1892  Mr.  Newbrough  designed  and  located  the  Black's  Fork  and 
Twin  Butte  Canals  at  Fort  Bridges,  Wyo.,  which  were  enlarged,  later, 
partly  by  himself.  From  1894  to  1896  he  was  engaged  on  sun^eys, 
statistics,  tracing  coal  veins  and  outcrops,  general  exploratory  work, 
assessments,  etc.,  for  Mr.  P.  J.  Quealy  of  Kemmerer,  Wyo.,  in  connection 
with  the  development  of  the  Kemmerer  coal  deposits,  and  from  1896 
to  1900,  he  was  employed  as  Engineer  for  Quealy  and  Kemmerer  and 
the  Kemmerer  Coal  Company,  having  full  charge  of  all  engineering 
work.  He  also  laid  out  the  Town  of  Kemmerer  and  designed  its  water- 
works. 

In  1900,  Mr.  Newbrough  went  to  Detroit,  Mich.,  as  Acting  Assistant 
Superintendent  of  the  Penberthy  Injector  Company.  In  1902,  he 
returned  to  Evanston,  Wyo.,  and  immediately  was  engaged  as  Consulting 
Engineer  by  the  Kemmerer  Coal  Company.  In  1903  he  was  appointed 
Engineer  of  the  Diamond  Coal  and  Coke  Company,  Diamondville,  Wyo., 
and  from  1902  to  1904  acted  as  Engineer  for  Beckwith,  Quinn,  and 
Company,  Evanston,  Wyo. 

In  1905,  Mr.  Newbrough  engaged  in  private  practice  as  a  Civil  and 
Mining  Engineer  with  an  office  at  Evanston,  Wyo.,  until  1914,  when  he 
returned  to  Detroit,  Mich.,  as  General  Superintendent  of  the  Penberthy 
Injector  Company.  He  remained  with  this  Company  until  1916,  when 
he  opened  an  office  as  a  Consulting  Engineer  at  Kemmerer,  Wyo.,  which 
he  continued  until  his  death  on  November  2d,  1919. 

Mr.  Newbrough  was  married  to  Gertrude  Sturtevant,  of  Brooklyn, 
N.  Y.,  in  January,  1897.  She  died  in  1917.  He  is  survived  by  a  sister, 
Elizabeth  Newbrough. 

Mr.  Newbrough  was  elected  a  Member  of  the  American  Society  of 
Civil  Engineers  on  April  6th,  1904. 


JOHN  PATRICK  O'DONxNELL,  Iff.  Am.  Soc.  C.  E. 


Died  December  2d,  1919. 


John  Patrick  O'Donnell  was  born  in  Dublin,  Ireland,  on  July  1st, 
1859. 

He  was  articled  with  Messrs.  Stevens  and  Sons,  Eailway  Signaling 
Engineers,  of  London  and  Glasgow,  in  1875,  and  served  with  that  firm 
until  1882,  when  he  was  appointed  Assistant  Signal  Superintendent 
on  the  Lancashire  and  Yorkshire  Railway. 

*  Memoir  prepared  by  J.  Groom,  Esq. 
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From  1885  to  1889  Mr.  O'Donnell  was  in  the  service  of  the  London 
and  South  Western  Railway,  under  Mr.  Jacomb,  Chief  Engineer,  and 
during  this  period  he  designed  and  carried  out  extensive  alterations 
to  the  signaling  system  at  Waterloo  Station  in  London,  and  other  works, 
for  that  company.  Subsequently,  he  joined  Mr.  Dutton  in  establishing 
the  firm  of  Dutton  and  Company,  Railway  Signaling  Engineers, 
of  London  and  Worcester,  leaving  the  firm  in  1894  to  join  the  late 
Mr.  A.  G.  Evans,  in  founding  the  firm  of  Evans,  O'Donnell  and  Com- 
pany, Railway  Signal  Works,  Chippenham  and  London,  which  carried 
out  many  extensive  signaling  works  in  England  and  abroad.  Evans, 
O'Donnell  and  Company  subsequently  amalgamated  with  Saxby  and 
Farmer,  Limited,  and  Mr.  O'Donnell  held  the  position  of  Joint  Man- 
aging Director  for  a  number  of  years. 

In  1901  he  formed  the  British  Pneumatic  Railway  Signal  Company, 
of  which  he  was  Chairman  and  Managing  Director  until  his  death.  Mr. 
O'Donnell  started  the  first  works  for  the  manufacture  of  pneumatic 
tools  on  a  considerable  scale  in  Great  Britain,  and  was  one  of  the 
pioneers  of  power  signaling  there.  He  installed  the  first  automatic 
signals  on  main  passenger  lines,  viz.,  on  the  South  Western  Railway 
between  Grateley  and  Andover,  and  subsequently  between  Woking  and 
Basingstoke.  The  first  power  signals  installed  on  passenger  lines  in 
Great  Britain  were  put  in  at  Grateley  on  the  South  Western  Railway 
by  Mr.  O'Donnell  who  was,  also,  one  of  the  earliest  advocates  of  con- 
centration sidings  and  hump  shunting,  and  established  the  big  installa- 
tion at  Wath  on  the  Great  Central  Railway. 

Extensive  contracts  were  carried  out  under  his  direction  on  the  Great 
Central  Railway,  the  London  and  Southwestern  Railway,  and  the 
Central  Argentine  Railway,  etc.  At  Victoria  Station  (South  Eastern 
and  Chatham  Railway)  the  latest  form  of  signaling — three-position, 
all  electric  interlocking — was  finished  at  the  time  of  his  death. 

Mr.  O'Donnell  was  the  inventor  of  a  large  number  of  appliances 
for  railway  signaling  and  kindred  subjects,  and  was  always  well  to  the 
fore  in  civil  and  mechanical  engineering  developments  in  connection 
with  railways. 

He  was  a  Member  of  the  following:  Institution  of  Civil  Engineers 
(Great  Britain),  Institution  of  Mechanical  Engineers,  Canadian  Society 
of  Civil  Engineers,  Railway  Signal  Association,  and  the  Institution  of 
Railway  Signal  Engineers.  He  was  a  Fellow  of  the  Chartered  Institute 
of  Patent  Agents. 

At  the  time  of  his  death  Mr.  O'Donnell  held,  among  others,  the 
following  positions :  Managing  Director  of  the  Superheater  Corpora- 
tion, Limited ;  Managing  Director  of  the  British  Power  Railway  Signal 
Company,  Limited;  and  Managing  Director  of  the  Economical  Boiler 
Washing  Company,  Limited. 
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Mr.  O'Donnell  was  elected  a  Member  of  the  American  Society  of 
Civil  Engineers  on  July  5th,  1893. 


IRVING  SPARROW  AVOOD,  M.  Am.  Soc.  C.  E.* 


Died  October  20th,  1919. 


Irving  Sparrow  Wood,  born  in  Providence,  R.  I.,  on  November  27th, 
1857,  was  the  son  of  Charles  P.  and  Sarah  S.  (Robinson)  Wood.  He 
was  of  New  England  parentage.  His  education  was  obtained  from 
the  public  schools  of  his  native  city,  supplemented  by  a  course  in 
Mowry  and  Goff's  English  and  Classical  School,  a  local  institution, 
from  which  he  was  graduated  in  June,  1877. 

Mr.  Wood  promptly  took  up  the  line  of  work  which  he  was  destined 
to  follow  during  his  life,  entering  the  office  of  the  City  Engineer  of 
Providence  and  working  there  in  various  capacities  until  the  spring 
of  1881,  when  he  was  assigned  to  the  Water  Department,  then  in 
charge  of  the  late  Edmund  B.  Weston,  M.  Am.  Soc.  C.  E.  He  soon 
became  First  Assistant,  acting  as  such  until  May  1st,  1899,  when  he 
was  appointed  to  the  vacancy  caused  by  the  resignation  of  Mr.  Weston. 
This  position  he  held  until  his  death  on  October  20th,  1919,  which 
occurred  in  the  house  in  which  he  was  born. 

During  the  twenty  years  of  his  administration,  the  population 
supplied  by  the  Providence  Water- Works  increased  from  about  180  000 
to  nearly  300  000,  and  the  annual  consumption  of  water  rose  from  about 
3  500  000  000  gal.  to  nearly  8  000  000  000  gal.  This  expansion  required 
a  corresponding  increase  of  the  distributing  pipes  year  by  year  and  the 
installation  of  more  ample  and  efficient  pumping  machinery.  An 
extensive  and  highly  successful  filtration  system  was  also  introduced. 

Mr.  Wood  was  affiliated  with  the  Boston  Society  of  Civil  Engineers, 
the  New  England  Water  Works  Association,  and  the  Providence  Engi- 
neering Society. 

He  was  married  on  October  14th,  1903,  to  Miss  Margaret  E.  Read, 
who  survives  him. 

Modest  and  unassmuing  in  demeanor,  Mr.  Wood  was  diligent  and 
conscientious  in  the  performance  of  his  official  duties,  courteous  and 
fair  with  his  subordinates,  agreeable  as  an  associate,  and  faithful  and 
considerate  as  a  friend. 

Mr.  Wood  was  elected  a  Junior  of  the  American  Society  of  Engi- 
neers on  March  5th,  1890,  an  Associate  Member  on  March  7th,  1900, 
and  a  Member  on  March  6th,  1906. 

*  Memoir  prepared  by  Herbert  E.  Sherman,  M.  Am.  Soc.  C.  E. 
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WILLIS  BENTON  WRIGHT,  M.  Am.  Soc.  C.  E.* 


Died  November  16th,  1919. 


Willis  Benton  Wright  was  born  in  Pittsfield,  Mass.,  on  February 
25th,  1860.  He  was  a  son  of  Samuel  Augustus  Wright  and  Ann 
Maria  (Butler)  Wright.  His  father  was  the  son  of  Samuel  C.  Wright 
and  Olive  (Benton)  Wright,  and  traced  his  descent  to  James  Wright  of 
Milford  and  Durham,  Mass.  (1698).  His  mother,  Ann  Maria  (Butler) 
Wright,  born  in  Connecticut,  was  the  daughter  of  Sylvester  and  Anna 
Butler,  whose  family  traced  its  descent  to  Richard  Butler,  a  deacon 
in  the  church  of  the  Rev.  Thomas  Hooker.  This  is  the  church  the 
members  of  which  came  from  Boston  and  settled  Hartford,  Conn., 
in  1636. 

Mr.  Wright  was  prepared  for  college  at  the  Middletown,  Conn., 
High  School  and  took  the  Civil  Engineering  Course  at  Sheffield 
Scientific  School,  Yale  University,  where  he  was  a  member  of  Phi 
Gamma  Delta  and  received  a  Senior  appointment. 

After  his  graduation  from  Sheffield,  Mr.  Wright  entered  the  service 
of  Commander  Garringe,  U.  S.  'N.,  the  Consulting  Engineer  of 
Obelisk  fame.  In  1886,  he  was  engaged  on  construction  work  with 
the  Minneapolis,  St.  Paul  and  Sault  Sainte  Marie  Railroad,  and, 
later,  was  employed  on  the  same  kind  of  work  in  the  Cascade  Mountains 
for  the  Oregon  Pacific  Railroad,  and,  in  Lower  California,  Mexico,  for 
the  Ferrocarril  San  Quintin  y  Yuma. 

After  two  years  more  in  the  service  of  the  Minneapolis,  St.  Paul 
and  Sault  Sainte  Marie  Railroad,  and  a  year's  travel,  he  was  appointed, 
in  1895,  Division  Engineer  of  the  Drainage  Department  of  the  Sewer- 
age and  Water  Board  of  the  City  of  New  Orleans,  La.,  which  position 
he  held  at  the  time  of  his  death  on  November  16th,  1919. 

He  was  married  on  May  18th,  1896,  in  New  Orleans,  La.,  to  Miss 
Juliette  Pulver,  daughter  of  David  Barker  Pulver,  of  that  city,  by 
whom  he  is  survived.     They  had  no  children. 

Mr.  Wright  had  many  business  and  professional  qualities.  Those 
who  knew  him  always  retained  a  high  regard  for  his  clear-sighted 
analysis  of  conditions,  his  high  standard  of  fair  dealing,  his  integrity, 
and  his  tactful  treatment  of  all  questions  submitted  to  him.  He  was 
an  engineer  of  unquestioned  ability,  active,  energetic,  and  had  endeared 
himself  to  all  who  knew  him. 

Mr.  Wright  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  on  November  3d,  1897.  He  was  also  a  Charter  Member  and 
a  Past-President  of  the  Louisiana  Engineering  Society. 

*  Memoir  prepared  by  Alfred  F.  Theard,  M.  Am.  Soc.  C.  E. 
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CAREY  SIMON  PRATT,  Assoc.  M.  Am.  Soc.  C.  E.* 


Died  November  25th,  1918. 


Carey  Simon  Pratt  was  born  in  Quincy,  Ohio,  on  July  7tli,  1868. 
Some  time  during  his  young  manhood  he  decided  to  become  a  Civil 
Engineer  and  make  that  Profession  his  life  work.  Accordingly,  from 
1888  to  1891,  he  acquired  his  technical  training  in  the  Ohio  State 
University.  Almost  immediately  after  finishing  his  college  course  he 
began  serving  the  public  in  an  official  capacity  as  Deputy  County 
Surveyor  in  Noble  County,  Indiana,  and  continued  for  the  greater  part 
of  his  life  in  the  public  service,  although  for  certain  periods  he  engaged 
in  private  work  as  a  Civil  Engineer. 

From  1893  until  1895,  Mr.  Pratt  served  as  City  Engineer  of  Sidney, 
Ohio,  and  for  three  years  thereafter  engaged  in  private  practice  as  an 
Engineering  Contractor,  later,  becoming  Resident  Engineer  for  the 
Dayton- Springfield  and  Urbana  Railway.  From  1900  to  1902  he 
occupied  the  position  of  Chief  Engineer  of  the  Springfield-Xenia  Elec- 
tric Railroad,  and,  at  the  same  time,  acted  as  Consulting  Engineer  for 
the  Western  Ohio  Electric  Railroad.  It  is  obvious  that  he  was 
particularly  active  during  these  few  years  in  the  development,  organiza- 
tion, and  maintenance  of  some  of  the  most  important  electric  railway 
enterprises  in  that  section  of  the  country  and  at  a  time  when  the 
electric  railroad  was  being  developed  at  a  rapid  rate.  Men  of  initiative, 
ingenuity,  training,  and  ability  were  just  as  much  required  in  those 
days  as  they  were  in  the  early  history  of  steam  railroading,  and  it  can 
be  truthfully  said  that  Mr.  Pratt  possessed  all  these  characteristics  in 
a  marked  degree. 

In  1902,  he  again  returned  to  public  life  as  City  Engineer  of 
Urbana,  Ohio,  and  continued  in  that  position  for  about  eleven  years. 
While  serving  in  this  capacity,  he  designed  the  sanitary  sewer  system 
of  Urbana,  embracing  some  fourteen  miles  of  sewers.  He  also  acted 
as  County  Engineer  of  Champaign  County,  Ohio,  from  1902  to  1909, 
specializing  particularly  on  the  design  and  construction  of  highway 
bridges. 

From  1913  to  1916  Mr.  Pratt  was  engaged  in  county  bridge  work 
at  Sandusky,  Ohio,  and  was  also  associated  with  Smith  and  Boulay  of 
Toledo,  Ohio,  Consulting  Engineers,  at  both  of  which  places  his  wide 
training  and  the  experience  gained  in  his  municipal  work  were  of  the 
utmost  advantage. 

During  1916  and  1917,  he  supervised  one  of  the  first  pieces  of  brick 
highway  construction  in  West  Virginia,  just  outside  of  Morgantown. 
On  the  completion  of  that  project  he  came  east  in  the  spring  of  1917 
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and  entered  the  employ  of  Mercer  County,  New  Jersey,  in  the  capacity 
of  Bridge  Engineer.  He  obtained  the  appointment  to  this  position 
through  a  competitive  examination  held  by  the  New  Jersey  State 
Civil  Service  Commission,  having  attained  the  highest  rating  of  all 
the  competitors  for  that  position.  It  will  be  noted  that  his  very  decided 
liking  for  municipal  and  public  work  again  asserted  itself.  Mr.  Pratt 
served  as  Bridge  Engineer  until  his  untimely  death. 

He  was  always  ah  intensive  student.  In  fact,  it  can  be  said  that 
his  real  studies  did  not  begin  until  after  he  left  college.  The  acquire- 
ment of  technical  knowledge  in  all  the  branches  of  engineering  with 
which  he  had  been  connected  was  one  of  his  greatest  hobbies.  For 
years  he  made  a  practice  of  collecting  all  articles  describing  any 
unusual,  noteworthy,  or  ingenious  methods  for  carrying  out  difficult 
construction  problems,  formulas,  and  new  developments  pertaining 
either  to  the  technical  or  practical  side  of  bridge  and  highway  con- 
struction, and  as  a  result  of  his  activities  in  this  direction  he  had 
accumulated  a  rather  interesting  collection  of  data  and  engineering 
literature  which  he  greatly  prized.  It  was  this  intense  and  constant 
study  with  so  little  relaxation  that  hastened  his  death. 

It  is  indeed  unfortunate  that  the  lives  of  so  many  men  should  be 
taken  just  at  a  period  when  their  age  and  experience  -should  render  them 
of  the  utmost  usefulness  to  those  they  serve,  and  this  means  not  only 
the  community  and  mankind  generally,  but  also  their  families  and 
friends  as  well.  Such  was  the  case  when  Carey  Simon  Pratt  died  on 
November  25th,  1918. 

In  1891  Mr.  Pratt  was  married  to  Ada  Belle  Eogers,  of  Columbus, 
Ohio.  As  a  result  of  this  union  three  children — Mrs.  Harold  Houston, 
Helen  and  Lindsay  Pratt — were  born. 

Mr.  Pratt  was  connected  with  the  Masonic  Fraternity,  in  which  he 
took  a  deep  and  ardent  interest.  He  was  a  member  of  Champaign 
Lodge,  Free  and  Accepted  Masons,  of  Urbana,  Ohio,  and  also  a  Knight 
Templar,  belonging  to  Rapier  Commandery  of  the  same  city.  He  was 
also  a  member  of  the  American  Society  for  the  Advancement  of 
Science. 

Mr.  Pratt  was  elected  an  Associate  Member  of  the  American 
Society  of  Civil  Engineers  on  Jxme  4th,  1913. 
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MINUTES  OF  MEETINGS 
OF  THE  SOCIETY 


March  17th,  1920. — The  meeting  was  called  to  order  at  8.30  p.  M. ; 
Director  J.  S.  Langthorn  in  the  chair;  Herbert  S.  Crocker,  Acting 
Secretary;  and  present,  also,  169  members  and  guests. 

The  meeting  was  devgted  to  an  informal  discussion  on  "The  Nation- 
wide Demand  for  Improved  Highways".  The  discussion  was  opened 
by  H.  G.  Shirley,  M.  Am.  Soc.  O.  E.,  whose  subject  was  "General  Survey 
of  the  Highway  Situation".  Mr.  Shirley  was  followed  by  Messrs.  W.  G. 
B.  Thompson  on  "Historical  Sketch  of  Traffic  and  Types";  E.  J. 
Mehren,  on  "How  Much  can  We  Afford  to  Spend  for  Highways  per 
Mile?";  George  H.  Pride,  on  "Permissible  Cost  Based  on  Saving 
in  Haulage";  H.  Eltinge  Breed,  on  "Need  of  Adequate  Maintenance — 
Its  Bearing  on  First  Cost" ;  H.  E.  Hilts,  on  "Suggestions  on  How  to 
Complete  the  1920  Programme  of  Highway  Construction";  Robert  S. 
Parsons  on  "Permanent  Highways  as  an  Aid  to  Railroads";  and 
T.  Kennard  Thomson. 
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On  motion,  duly  seconded,  a  vote  of  thanks  was  given  the  speakers  of 
the  evening. 

The  Acting  Secretary  announced  the  election  of  the  following  can- 
didates on  March  9th,  1920: 

As  Members 

Julius  Adler,  Philadelphia,  Pa. 

William  Daniel  Chamberlin,  San  rrancisco,  Cal. 

Christopher  Tompkins  Chenery,  Washington,  D.  C. 

Elmer  White  Clark,  Pittsburgh,  Pa. 

John  William  Ferguson,  Portland,  Ore. 

Eugene  Bruce  Ford,  Seattle,  Wash. 

Henry  Lehmberg  Hagerman,  Greenville,  S.  C' 

Hugh  Ellimaker  Hale,  New  York  City 

Merrill  Hibbard,  Columbus,  Ohio 

David  Henry  Lane  Kneedler,  Philadelphia,  Pa. 

Harry  Martin  Nabstedt,  Davenport,  Iowa 

Andrew  D.  Schindler,  San  Francisco,  Cal. 

Frederick  E.  Schmitt,  Montclair,  N.  J. 

Clarence  Osborne  Sherrill,  Washington,  D.  C. 

John  Clayton  Tracy,  New  Haven,  Conn. 

FkANCis  Spinner  Wells,  Maiden,  Mass. 

Thomas  Leroy  Willis,  New  Orleans,  La. 

As  Associate  Members 

Ralph  Wentworth  Adams,  Spokane,  Wash. 

Jerome  Eric  Barieau,  East  Auburn,  Cal. 

Henry  Claus  Beckman,  Chicago,  111. 

Merrill  Monfort  Bernard,  Crowley,  La. 

Isador  Leon  Birner,  Omaha,  Nebr. 

Arthur  Hazard  Bond,  New  Haven,  Conn. 

Percy  Dalles  Brown,  Philadelphia,  Pa. 

John  Albert  Charlton  Callan,  Austin,  Tex. 

Donald  Eugene  Ames  Cameron,  Toledo*  Ohio 

John  Titreville  Campbell,  Pittsburgh,  Pa. 

Arthur  William  Consoer,  Dallas,  Tex. 

Claude  Carlisle  Coykeistdall,  Ames,  Iowa 

Frank  Fitzpatrick  Du  Bose,  Dallas,  Tex. 

Robert  Muratt  Dunlap,  Chicago,  111. 

Richard  Leech  Elton,  Kansas  City,  Mo. 

Lewis  Azro  Emerson,  Columbia,  S.  C. 

Orville  Alva  Faris,  Boise,  Idaho 

Georg  Carl  Gustav  Schlichting  Franck,  New  York  City 

Gilbert  Houston  Gilchrist,  Dallas,  Tex. 
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Albert  Edward  Goodwin,  Sewickley,  Pa. 
Isaac  Gutman,  San  Francisco,  Gal. 
Eoss  Amerson  Harbaugh,  Oil  City,  Pa. 
John  Kellar  Harris,  Sharon,  Pa. 
James  Oliver  Hogg,  Jr.,  Kansas  City,  Mo. 
Nicholas  Firth  Jahn,  Seattle,  Wash. 
Giles  Matthew  Jowers,  San  Antonio,  Tex. 
Raymond  Joseph  Keays,  Perth  Amboy,  N.  J. 
Henry  Moennick  Kleifeld,  Spokane,  Wash. 
Leander  Larson,  Camp  Eustis,  Va. 
James  Patrick  McAvoy,  Albany,  N.  Y. 
Claude  Leon  McKesson,  Portland,  Ore. 
George  Plummer  McNear,  Jr.,  New  York  City 
Frederick  Traugott  Martius,  Dallas,  Tex. 
Foster  Gilbert  Morss,  Salt  Lake  City,  Utah. 
Alonzo  Marsh  Mutersbaugh,  San  Antonio,  Tex. 
Blaine  Noice,  Los  Angeles,  Cal. 
James  William  Norton,  Carlisle,  Ky. 
Frank  Harry  Nygren,  Brooklyn,  N.  Y. 
Chester  White  Ogden,  Roanoke,  Va. 
George  Orr,  Atlantic  City,  N.  J. 
Edmund  Nikolai  Peterson,  Paris,  France 
Ralph  Whitney  Reynolds,  New  York  City 
Harry  Norman  Roberts,  Longview,  Tex. 
Walter  Harold  Root,  Ames,  Iowa 
Nicholas  A.  Saigh,  Camp  Travis,  Tex. 
Mark  Sebastian  Sanders,  Kobe,  Japan 
Edward  Goodrich  Semon,  Albany,  N.  Y. 
Harry  A.  Seran,  Pensacola,  Fla. 
Will  Gerald  Shurgar,  Meridian,  Miss. 
Merril  Forester  Snell,  Pittsburgh,  Pa. 
Frank  Charles  Tews,  Spokane,  Wash. 
Willis  Gersham  Waldo,  Chattanooga,,  Tenn. 
Howard  Charles  Wickes,  Cincinnati,  Ohio 
Nathan  Wohlfeld,  Dallas,  Tex. 
Lester  Oren  Wolcott,  Fresno,  Cal. 

As  Associates 
John  Notman  Thorp,  Jr.,  Chicago,  111. 

As  Juniors 

AvEY  Martin  Baker,  New  York  City 
Harold  Rhodes  Bassett,  Washington,  D.  C. 
Irwin  Eugene  Burks,  Springfield,  Mo. 
Jerome  Brasil  Francis  Crowley,  New  York  City 
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Victor  Timothy  Givotovsky,  New  York  City 

Michael  Charles  Grenata,  Camp  A.  A.  Humphreys,  Va. 

Albert  Haertlein,  Cambridge,  Mass. 

Cho-Pin  Hsueh,  Ithaca,  N.  Y. 

George  Alvin  Nordgren,  Chicago,  111. 

Francis  Harloe  Phipps,  Mount  Vernon,  N.  Y. 

Frank  Martin  Schilling,  Philadelphia,  Pa. 

Chen  Tan,  Ithaca,  N.  Y. 

The   Acting    Secretary   announced   the   transfer   of   the   following 
candidates  on  March  9th,  1920: 

From  Associate  Member  to  Member 
Eugene  Yorke  Allen,  New  York  City 
Harold  Willoughby  Benedict,  Troy,  N.  Y. 
Roy  Winchester  Crum,  Ames,  Iowa 
Howard  Kingsbury  Holland,  Ann  Arbor,  Mich. 
Hugh  Browning  Holmes,  New  York  City 
Elmer  Thomas  Howson,  Chicago,  111. 
Battle  Hargrove  Klyce,  Nashville,  Tenn. 
Albert  Larsen,  Dayton,  Ohio 
Leon  Roderick  MacKenzie,  Des  Moines,  Iowa 
Franklin  R.  McMillan,  Philadelphia,  Pa. 
Neal  Albert  Meliok,  Newark,  N.  J. 
Herbert  Drummond  Mendenhall,  Lakeland,  Fla. 
William  Taft  Newcomb,  Easton,  Pa. 
Charles  William  Okey,  Peoria,  111. 
Fred  Dale  Pyle,  Montrose,  Colo. 
Robert  Isham  Randolph,  Chicago,  111. 
Arthur  Richards,  Columbus,  Ohio 
Arthur  Valentine  Ruggles,  Cleveland,  Ohio 
Charles  Herman  Ruggles,  West  Palm  Beach,  Fla. 
Arthur  Johnson  Sackett,  Newark,  N.  J. 
Alfred  George  Schutt,  Detroit,  Mich. 
Eugene  Adalbert  Silagi,  Columbus,  Ohio 
Joseph  Springer  Swindells,  New  York  City 
Lyle  Antrim  Whitsit,  Tokyo,  Japan 

From  Associate  to  Associate  Member 
Frank  Louis  Reynolds,  New  York  City 

From  Junior  to  Associate  Member 
Otto  William  Julius  Anschuetz,  St.  Louis,  Mo, 
Philip  Gilstrap  Bruton,  Buffalo,  N.  Y. 
Ira  Leonard  Collier,  Seattle,  Wash. 
Harold  Bernard  Hajsimill,  Berkeley,  Cal. 
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Maurice  William  Hewett,  Minneapolis,  Minn. 
John  James  Hurley,  Dayton,  Ohio 
David  Howe  Lucchesi,  Jr.,  Baltimore,  Md. 
John  Siemon  Means,  Denver,  Colo. 
George  John  Meise,  New  York  City 
Melvin  Lyman  Moone,  Lansing,  Mich. 
Chelius  Hazel  Shea,  Piqua,  Ohio 
William  Davis  Shipman,  Chicago,  HI. 
Charles  Smith  Whitney,  Milwaukee,  Wis. 

The  Acting  Secretary  announced  the  following  deaths : 

John  Abiel  Atwood,  of  Pittsburgh,  Pa.,  elected  member,  January 
3d,  1900;  died  February  29th,  1920. 

George  Barker  Burbank,  of  New  York  City,  elected  Member,  July 
4th,  1888 ;  died  February  29th,  1920. 

Andrew  Christian  Hansen,  of  Los  Angeles,  Cal.,  elected  Member, 
October  4th,  1910;  died  February  9th,  1920. 

Orlando  Whitney  Norcross,  of  Worcester,  Mass.,  elected  Member, 
October  31st,  1911 ;  died  February  27th,  1920. 

Adjourned. 

April  7th,  1920, — The  meeting  was  called  to  order  at  8.30  p.  m.  ; 
Vice-President  Herbert  S.  Crocker  in  the  chair  and  acting  as  Secre- 
tary; and  present,  also,  85  members  and  guests. 

The  minutes  of  the  Annual  Meeting,  January  21st,  1920,  and  of  the 
meetings  of  February  4th,  February  18th,  and  March  3d,  1920,  were 
approved  as  printed  in  Proceedings  for  February  and  March,  1920. 

A  paper  by  Herbert  C.  Keith,  M.  Am.  Soc.  C.  E.,  entitled  "A  Novel 
Method  of  Eepairing  a  Swing  Bridge",  illustrated  with  lantern  slides, 
was  presented  by  the  author  and  his  son,  G.  M.  Keith,  Jun.  Am.  Soc. 
C.  E.  The  subject  was  discussed  by  Messrs.  J.  B.  French,  T.  Kennard 
Thomson,  Guy  Pinner,  Charles  Rufus  Harte,  T.  Hugh  Boorman,  O.  E. 
Hovey,  Frank  W.  Skinner,  Theodore  Belzner,  Shortridge  Hardesty, 
and  Arthur  S.  Tuttle. 

The  Acting  Secretary  announced  the  following  deaths : 

Frederick  Thomas  Hatch,  of  St.  Louis,  Mo.,  elected  Member,  De- 
cember 4th,  1889;  died  March  9th,  1920. 

George  Blagden  Hazleiiurst,  of  Cantonsville,  Md.,  elected  Mem- 
ber, February  1st,  1888;  died  May  27th,  1919. 

Alfred  Raymond,  of  New  Orleans,  La.,  elected  Member,  September 
6th,  1910;  died  January  13th,  1920. 

Ellis  Dunn  Thompson,  of  Philadelphia,  Pa.,  elected  Member,  Feb- 
ruary 1st,  1899;  died  February  9th,  1920. 

George  Wellman  Parsons,  of  Steelton,  Pa.,  elected  Associate,  Sep- 
tember 3d,  1884;  died  August  15th,  1919. 

Adjourned. 


403  ITEMS  OF  INTEREST  [Society  AflFairs. 

ITEMS    OF    INTEREST 


The  Committee  on  Publications  will  be  glad  to  receive  communis- 
cations  of  general  interest  to  the  Society,  and  will  consider  them 
for  publication  in  Proceedings  in  "Items  of  Interest".  This  is  in= 
tended  to  cover  letters  or  suggestions  from  our  membership  concern= 
ing  matters  which  are  not  of  a  technical  character.  Such  com= 
munications,  however,  must  not  be  controversial  or  commercial. 


NATIONAL  SERVICE  DEPARTMENT  OF  ENGINEERING  COUNCIL. 

In  response  to  frequent  expression  of  need.  Engineering  Council 
announces  the  establishment  of  a  National  Legislative  and  Depart- 
mental Information  Service  for  engineers  in  all  branches  of  the  Pro- 
fession. Information  relative  to  engineering  statistics,  research,  and 
construction,  as  well  as  of  matters  before  Congress  involving  engineer- 
ing considerations,  will  be  furnished  without  charge  by  addressing 
M.  O.  Leighton,  National  Service  Representative  of  Engineering  Co\m- 
cil,  502  McLachlen  Building,  Washington,  D.  C.  This  National  Service 
Department  of  Engineering  Council  announces  that  its  office  at  Wash- 
ington is  open  to  members  of  the  Society  at  all  times,  and  that  accom- 
modations can  be  had  there  at  short  notice  for  committee  meetings  of 
the  Society,  or  of  any  organization  in  which  the  Society  is  interested, 
which  may  be  held  in  Washington. 

Charles  F.  Rand  Elected  Chairman  of  Engineering  Foundation  Board 

At  a  special  meeting  of  the  Engineering  Foundation  Board  on  March 
I2th,  1920,  the  resignation  of  Dr.  W.  F.  M.  Goss  as  Chairman  of  the 
Board,  dated  February  14th,  was  accepted  with  regret  and  appreciation 
of  his  able  services.  On  nomination  of  the  Executive  Committee, 
Charles  F.  Rand,  who  was  President  of  the  United  Engineering  Society 
for  four  years  up  to  last  January,*  was  elected  Chairman  for  the  term 
ending  in  February,  1921. 

Information  Bureau  and  Memorials  for  Engineering 
Societies  Building 

After  consideration  of  a  letter  from  John  P.  Hogan,  M.  Am.  Soc. 
C.  E.,  proposing  a  memorial  tablet  to  the  11th  Engineers,  and  a  letter 
by  Secretary  Alfred  D.  Flinn,  M.  Am,  Soc.  C.  E.,  to  the  Committee 
on  War  Memorials  in  regard  to  a  permanent  exhibition  of  flags  of 
selected  engineer  regiments,  it  was  voted  at  the  regular  meeting  of 
the  Trustees  of  United  Engineering  Society  on  March  25th,  1920, 
*  See  Proceedings,  Am.  Soc.  C.  E.,  March,   1920,  p.  335. 
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that  the  President  should  appoint  a  Committee  to  report  upon:  (1)  the 
establishment  of  a  general  information  bureau  and  reading  room;  (2) 
furnishing  of  the  Entrance  Hall,  and  (3)  war  and  other  memorials. 
The  following  were  appointed  to  act  on  this  Committee: 

E.  Gybbon  Spilsbury,  M.  Am.  Soc.  C.  E.,  Chairman;  Clemens 
Herschel,  Past-President,  Am,  Soc.  O.  E. ;  Calvert  Townley,  and 
J.  V.  W.  Eeynders,  M.  Am.  Soc.  C.  E. 


ACTIVITIES  OF  ENGINEERING  COUNCIL 
Board  for  Jurisdictional  Awards  in  the  Building  Industry 

Rudolph  P.  Miller,  M.  Am.  Soc.  C.  E.,  representing  Engineering 
Council  on  the  Board  for  Jurisdictional  Awards  in  the  Building 
Industry,  reports  that  the  work  of  this  Board  is  proceeding  most  satis- 
factorily, and  that  there  is  a  feeling,  particularly  among  the  labor 
unions,  that  its  work  will  be  very  helpful  in  adjusting  difficulties  which 
lead  to  strikes.  One  labor  representative  stated  at  the  meeting  held 
in  Washington,  D.  C,  March  8th  to  11th,  1920,  that  the  Board  had 
accomplished  in  a  few  days  what  the  contending  organizations  had 
failed  to  do  in  some  years.  At  this  meeting  there  were  present:  E.  J. 
Russell,  American  Institute  of  Architects;  Jludolph  P.  Miller,  En- 
gineering Council;  J.  R.  Wiggins,  Associated  General  Contractors; 
F.  J.  C.  Dresser,  Associated  General  Contractors;  E.  M.  Craig,  National 
Association  of  Building  Trades  Employers;  Thomas  Preece,  John  T. 
Cosgrove,  and  John  TI.  Hynes,  Building  Trades  Department,  American 
Federation  of  Labor.  The  following  controversies  between  interna- 
tional  unions   were   considered   and   disposed   of: 

1. — Controversy  between  the  Amalgamated  Sheet  Metal  Workers' 
International  Alliance  and  the  United  Association  of  Plumbers,  Steam 
Fitters,  and  Steam  Fitters'  Helpers,  concerning  air  washers,  fans, 
blowers,  the  housing  of  same,  and  the  pipe  fitting  on  same.  An  agree- 
ment between  the  two  contending  organizations  was  submitted,  which 
agreement  was  confirmed  by  the  Board. 

2.— Controversy  between  the  United  Association  of  Plumbers,  Steam 
Fitters,  and  Steam  Fitters'  Helpers,  and  the  International  Union  of 
Steam  Engineers,  on  the  question  of  maintaining  temiwrary  heat 
while  structures  are  in  course  of  construction.  Argument  was  heard 
on  both  sides,  and  jurisdiction  was  given  to  the  steam  fitters  "until 
the  initial  test  is  completed,  immediately  after  which  time,  whenever 
necessary  to  maintain  heat  a  stationary  engineer  (union  of  Steam 
Engineers)  shall  be  employed". 

3. — Controversy  between  the  Bridge  and  Structural  Iron  Workers' 
International  Association  and  the  United  Association  of  Plumbers  and 
Steam  Fitters,  as  to  the  installation  of  threaded  pipe.     After  hearing 
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argument,  it  was  decided  that  "Pipe  railing  consisting  of  standard 
sized,  cut  and  threaded  pipe,  not  used  in  connection  with  structural 
or  ornamental  iron  work,  is  awarded  to  the  United  Association  of 
Plxmibers  and  Steam  Fitters". 

4. — Controversy  between  Operative  Plasterers  and  Cement  Finishers' 
International  Association  and  the  Wood,  Wire  and  Metal  Lathers' 
International  Union,  on  the  question  of  the  placing  of  corner  beads. 
After  hearing  argument,  it  was  decided  that  "the  adherence  of  corner 
beads  by  plastic  material"  technically  known  as  "sticking",  belongs  to 
the  plasterers. 

5. — Controversy  between  the  Amalgamated  Sheet  Metal  Workers' 
International  Association  and  the  Brotherhood  of  Painters  and  Decora- 
tors, as  to  the  glaring  of  sheet  metal  sash  frames,  doors  or  skylights. 
An  agreement  made  between  these  contending  organizations  on  this 
subject  was  submitted,  and  the  matter  was  accordingly  dismissed. 

6. — Controversy  between  the  Bridge  and  Structural  Iron  Workers' 
International  Association  and  the  Wood,  Wire  and  Metal  Lathers' 
International  Union,  on  the  placing  of  reinforcement  for  reinforced 
concrete,  cement  and  floor  construction.  After  hearing  argument,  it 
was  decided  "that  all  iron  and  steel  used  for  reinforcement  in  rein- 
forced concrete,  cement  and  floor  construction"  should  be  awarded 
to  the  iron  workers.  It  -was,  however,  to  be  understood  that  in  such 
cities  or  localities  where  there  are  existing  agreements  between  em- 
ployers and  the  lathers'  union,  such  agreements  should  continue  in 
force  until  their  expiration  imder  the  terms  of  the  agreement,  after 
which  the  decision  made  shall  prevail. 

7. — Controversy  between  the  International  Brotherhood  of  Elec- 
trical Workers  and  the  Elevator  Constructors'  International  Union,  on 
the  matter  of  electrical  work  in  connection  with  elevators.  After 
discussion,  it  was  decided  that  the  electrical  work  of  flash  lights,  elec- 
trical annunciators  and  lamps  and  feed  wires,  remain,  as  heretofore, 
in  the  control  of  the  electrical  workers.  Other  electrical  work  is  to 
be  done  by  the  elevator  constructors. 

8. — Controversy  between  the  Bricklayers,  Masons  and  Plasterers' 
International  Union  and  the  Brotherhood  of  Painters,  Decorators  and 
Paper  Hangers,  as  to  the  setting  of  vitrolite  and  other  opaque  glass. 
After  hearing  argument,  it  was  decided  that  "Jurisdiction  over  the 
setting  of  vitrolite  and  similar  opaque  glass,  is  awarded  to  the  Brick- 
layers, Masons  and  Plasterers'  International  Union." 

9. — Controversy  between  the  Bricklayers,  Masons  and  Plasterers' 
International  Union  and  the  International  Brotherhood  of  Electrical 
Workers,  with  respect  to  the  cutting  of  chases  or  channels  in  masonry. 
After  hearing  argument,  it  was  decided  that  when  channels  do  not 
exceed  2  by  2  in.  in  size,  or  do  not  require  labor  exceeding  8  hours 
continuous  work,   it  may  be  done  by  the  electrical   workers.      Other 
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channels,  chases,  or  grooves  in  masonry  of  all  kinds,  necessary  to  the 
installation  of  electrical  work,  must  be  done  by  the  bricklayers.  It  was 
to  be  understood,  however,  that  this  decision  does  not  contemplate 
the  channelling  or  cutting  of  granite  or  hard  stone. 

10. — Controversy  between  the  Bricklayers,  Masons  and  Plasterers' 
International  Union  and  the  Bridge  and  Structural  Iron  Workers' 
International  Association,  over  the  erection  and  operation  of  stone 
derricks.  Inasmuch  as  the  representatives  of  the  two  unions  stated 
that  an  effort  was  being  made  to  adjust  this  between  them,  and  that 
the  prospect  of  such  adjustment  was  good,  the  matter  was  dismissed 
from  further  consideration  by  the  Board. 

11. — Controversy  between  the  International  Association  of  Amal- 
gamated Sheet  Metal  Workers  and  the  Bridge  and  Structural  Iron 
Workers'  International  Association,  over  the  erection  of  corrugated 
sheeting.  The  representatives  of  the  two  organizations  stated  that  they 
were  then  conferring  on  this  matter,  and  requested  permission  to 
adjust  the  matter  outside  of  the  Board.  In  view  of  this  statement, 
the  matter  was  dismissed. 

American  Railway  Engineering  Association  Elected  a  Member 
of  Engineering  Council 

In  accordance  with  the  proposal  of  Chairman  J.  Parke  Channing 
in  a  communication  to  the  United  Engineering  Society  dated  March 
19th,  1920,  and  the  unanimous  approval  of  the  representatives  of  the. 
I'ounder  Societies  in  Engineering  Council,  it  was  voted  at  the  regular 
meeting  of  the  Trustees  of  United  Engineering  Society  on  March 
25th,  1920,  as  follows : 

"That  the  American  Eailway  Engineering  Association  be  invited 
and  elected  to  membership  in  Engineering  Council,  subject  to  the 
unanimous  approval  of  the  governing  bodies  of  the  four  Founder 
Societies,  and  that  upon  receipt  by  the  Secretary  of  information  of 
such  approval,  the  invitation  be  extended  to  said  Association  to 
become  a  member  of  Engineering  Council,  upon  acceptance  of  the 
invitation  and  compliance  with  the  requirements  of  the  Eules  for 
Admission  of  Additional  Societies". 

The  American  Eailway  Engineering  and  Maintenance  of  Way 
Association  was  organized  in  1899  with  the  object  of  "the  advancement 
of  knowledge  pertaining  to  the  scientific  and  economical  location,  con- 
struction, operation  and  maintenance  of  railroads";  the  name  was 
changed  in  1911  to  its  present  form  and  the  Association  now  has 
about  1  640  members.  The  President  is  H.  E.  Safford,  M.  Am.  Soc. 
C.  E.,  Assistant  to  President,  Chicago,  Burlington  and  Quincy  Eailroad, 
and  the  Secretary  is  E.  H.  Fritch,  431  South  Dearborn  Street, 
Chicago,  111. 
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John   Fritz  Medal  to  be  Presented  to  Orville  Wright  on  May  7th 

The  John  Fritz  Medal  for  1920  has  been  awarded  to  Orville  Wright, 
Esq.,  for  achievement  in  the  development  of  the  airplane.  At  a 
meeting  in  the  auditorium  of  the  Engineering  Societies  Building  on 
May  7th,  1920,  at  8.30  p.  M.,  at  which  the  principal  speakers  will  be 
Gen.  George  O.  Squier,  Chief  Signal  Officer,  and  Col.  Edward  A. 
Deeds,  of  Dayton,  Ohio,  formerly  of  the  Aircraft  Production  Board, 
the  presentation  will  be  made  by  Prof.  Comfort  A.  Adams.  Mr.  B.  B. 
Thayer,  present  chairman  of  the  John  Fritz  Medal  Board  of  Award, 
will  preside.  A  cordial  invitation  to  attend  is  extended  to  all  members 
of  the  Society. 

The  previous  recipients  of  this  medal  have  been : 

John  Fritz 1902 

Lord  Kelvin 1905 

George   Westinghouse 1906 

Alexander  Graham  Bell 1907 

Thomas   Alva   Edison 1908 

Charles  Talbot  Porter 1909 

Alfred   Noble 1910 

Sir  William  Henry  White 1911 

Eobert  Woolston  Hunt 1912 

John   Edson   Sweet 1914 

James  Douglas 1915 

Elihu   Thomson 1916 

Henry    Marion    Howe 1917 

J.  Waldo  Smith 1918 

George  W.  Goethals 1919 


American  Engineering  Standards  Committee 

At  a  meeting  of  the  American  Engineering  Standards  Committee 
on  March  6th,  1920,  it  was  voted  to  grant  Secretary  P.  G.  Agnew  leave 
of  absence  in  order  to  attend  the  meeting  of  the  International  Electro- 
technical  Commission  in  Brussels,  Belgium.  Dr.  Agnew  left  on  March 
13th,  1920,  expecting  to  be  abroad  about  six  weeks,  and  to  spend 
some  time  in  London  and  Paris  studying  British  and  French  standardi- 
zation organizations.  Dr.  J.  F.  Meyer,  of  the  United  States  Bureau  of 
Standards,  was  given  charge  of  the  office  during  Dr.  Agnew's  absence. 

Mr.  R.  B.  Woodworth,  of  tlie  Association  of  American  Steel  Manu- 
facturers, was  elected  permanent  chairman  of  the  Sectional  Committee 
on  Steel  Shapes,  for  which  the  Society  is  one  of  the  sponsor  bodies. 
President  A.  P.  Davis  having  appointed  H.  G.  Balcom,  J.  H.  Edwards 
and  J.  B.  French,  Members  Am.  Soc.  C.  E.,  as  its  representatives  on 
said  Sectional  Committee.     This  Committee  has  approved  the  use  of 
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two-place  decimals  of  an  inch  in  the  determination  of  profiles  of  struc- 
tural shapes;  has  adopted  the  recommendation  of  the  Association  of 
American  Steel  Manufacturers  that  practical,  definite  ranges  of  thick- 
ness and  weights  per  foot  for  each  shape  be  used  in  accordance  with 
American  standard  practice;  has  voted  that  the  gradations  in  range  of 
thickness  be  expressed  in  multiples  of  0.04  in.,  and  that  there  should  be 
but  one  line  of  channel  sections  for  both  structural  and  shipbuilding 
uses. 

Five  standards  have  been  submitted  by  the  American  Society  for 
Testing  Materials  for  the  approval  of  the  American  Engineering 
Standards  Committee  as  follows:  Specifications  for  Drain  Tile;  Test 
for  Toughness  of  Rock ;  Test  for  Penetration  of  Bituminous  Materials ; 
Test  for  Distillation  of  Bituminous  Materials  Suitable  for  Road  Treat- 
ment, and  Method  for  Sampling  Coal.  A  Committee  consisting  of 
George  E.  Thackray,  M.  Am.  Soc.  C.  E.,  Chairman,  Fred  E.  Rogers,  and 
Martin  Schreiber,  M.  Am.  Soc.  C.  E.,  was 'appointed  to  consider  these 
standards,  and  it  is  exiDected  that  action  will  be  taken  upon  its  recom- 
mendation at  the  next  meeting  of  the  Standards  Committee  on  June 
5th,  1920. 

The  Tunnel  Under  the  English  Channel 

The  project  of  tunneling  the  English  Channel  dates  back  to  about 
1802,  when  an  engineer  named  Mathieu  submitted  a  scheme  to  Bona- 
parte, and  it  has  been  presented  repeatedly  to  the  British  and  French 
Governments.  Prior  to  the  European  war  the  main  objection  which 
prevented  procedure  with  the  work  was  the  fear  on  the  part  of  the 
military  authorities  in  Great  Britain  that  it  would  destroy  the  protec- 
tion which  the  Channel  gave  to  the  British  Isles.  This  condition  has 
been  totally  changed  by  the  War  and  by  the  development  of  the  navi- 
gation of  the  air,  and  it  is  understood  that  the  British  military  and 
naval  authorities  now  favor  the  project,  provided  the  English  end  is 
controlled  by  these  British  authorities. 

As  to  the  geological  conditions  which  govern  the  situation,  it  may 
be  said  that  what  is  now  the  English  Channel  was  probably  caused  by  a 
gradual  subsidence  of  the  land  and  not  by  any  violent  cataclysm,  con- 
sequently there  is  every  reason  to  believe  that  the  stratification  con- 
tinues intact  and  uniform  from  the  southerly  counties  of  England 
across  the  Channel  and  through  the  northern  region  of  France. 

In  the  first  scheme,  proposed  by  Mathieu,  the  tunnel  was  divided 
into  two  parts,  each  part  being  about  10  miles  long  and  each  opening 
on  to  a  submarine  bank  situated  nearly  in  the  centre  of  the  Dover 
Straits.  This  submarine  bank  was  to  be  raised  and  formed  into  a 
large  island,  and  on  this  artificial  island  a  town  was  to  be  erected,  to- 
gether with  a  large  harbor.  This  scheme  was  not  based  on  any  really 
serious  study,  and  of  course  brought  no  result. 
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During  1882  and  1883  considerable  lengths  of  experimental  sections 
of  tunnel  were  built  from  the  French  and  British  shores.  It  is  pro- 
posed to  continue  the  construction  of  the  tunnel  throughout  as  planned 
at  that  time,  placing  it  about  180  ft.  below  the  level  of  the  sea  in  a 
stratum  of  gray  chalk,  which  is  about  200  ft.  thick  and  which  it  is 
believed  is  impervious  to  water,  and  so  far  as  geological  investigation 
can  show  free  from  faults  and  fissures.  The  shores  on  the  French  and 
British  sides  of  the  Channel  are  fronted  with  high  chalk  cliffs  and  it 
is  necessary  to  extend  the  tunnel  a  long  distance  back  of  the  cliffs  on 
either  side  before  the  tracks  can  be  brought  to  the  surface  of  the  land 
and  connected  with  the  main  line  railroads.  The  total  length  of  the 
tunnel  from  surface  to  surface  would  be  approximately  32  miles, 
whereas  the  length  under  the  Channel  would  be  about  23  miles. 

The  present  plans,  as  now  developed,  contemplate  two  twin  bores 
lined  with  reinforced  concrete.  Each  tunnel  would  take  one  line  of 
track  and  would  be  about  20  ft.  in  external  diameter,  18  ft.  in  internal 
diameter,  lined  with  reinforced  concrete  and  driven  by  the  aid  of 
mechanical  excavators  by  which  a  high  rate  of  progress  can  be  attained 
in  this  chalk. 

Had  this  tunnel  been  in  existence  during  the  World  War,  enormous 
sums  of  money  would  have  been  saved  to  the  Allies  and  greatly  in- 
creased efficiency  would  have  been  obtained  in  the  handling  of  troops 
and  supplies.  The  dire  necessity  for  better  communication  between 
Great  Britain  and  the  European  continent  was  met  by  the  establish- 
ment by  the  British  Government  of  lines  of  train  ferries  between  Rich- 
borough  and  Dunkirk,  Richborough  and  Calais,  and  Southampton  and 
Dieppe.  A  line  between  Southampton  and  Cherbourg  is  also  being 
started.  The  boats  used  have  a  length  of  363  ft.,  beam  GIJ  ft.,  draft 
12  ft.,  displacement  of  3  650  tons,  and  a  speed  of  12  knots.  They  have 
four  rail  tracks  and  carry  fifty-four  10-ton  railroad  cars. 

The  tunnel  necessitates  the  installation  of  electric  power  for  opera- 
tion. Had  the  tunnel  been  built  40  or  50  years  ago  when  active  efforts 
were  being  made  to  push  the  project  for  adoption,  the  railroad  prob- 
ably would  never  have  been  operated  on  account  of  the  difficulties  of 
ventilation,  with  the  motive  power  then  available.  The  development  of 
electric  power  for  operation  has  revolutionized  the  entire  situation  and 
apparently  there  is  no  longer  any  objection  from  the  military  point  of 
view  to  carrying  out  the  project. 

It  is  estimated  in  a  recent  article  in  the  London  Times  that  the 
tunnel,  by  the  use  of  all  modern  mechanical  appliances,  could  be  driven 
in  four  years  exclusive  of  lining  and  equipment. 

An  initial  service  of  15  passenger  trains  per  day  in  each  direction 
would  provide  for  some  1  500  000  passengers  per  annum :  as  the  traffic 
grew  more  trains  could  be  provided.  There  woi^ld  be  sufficient  periods 
of  the  day  left  in  which  the  freight  traffic  could  be  taken  care  of,  either 
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during  such  times  as  the  passenger  trains  were  not  running,  or 
sandwiched  in  between.  This  tunnel  would  provide  rail  connection 
between  England  and  the  Continent,  not  merely  with  France,  but  with 
the  entire  European  system  of  railroads,  the  gauge  of  which  is  prac- 
tically the  same  as  in  England. 

There  appears  to  be  absolutely  no  engineering  or  physical  reasons 
why  there  should  be  any  doubt  about  the  success  of  the  undertaking, 
and  while  there  might  be  a  few  years  at  the  start  of  operation  during 
which  there  would  be  a  deficit,  this  could  be  taken  care  of  by  some 
form  of  guarantee  by  the  British,  French,  and  Belgian  Governments; 
End  now  that  political  and  military  obstacles  seem  to  have  been 
removed,  a  short  time  should  see  the  inception  of  this  long-delayed 
and  much-needed  connection. 

The  "Military  Engineer",  Successor  to  "Professional  Memoirs" 

Aiming  to  enter  a  larger  field  and  operate  on  a  broader  basis  than 
its  predecessor  Professional  Mem,oirs,  and  to  form  a  bond  of  union  be- 
tween all  members  of  the  Engineering  Profession  who  are  interested 
ill  the  National  defense,  The  Military  Engineer  has  just  been  issued  as 
the  journal  of  the  Society  of  American  Military  Engineers.  It  is  pub- 
lished bi-monthly  at  Washington  Barracks,  J).  C. 

EUROPEAN  NOTES 

The  following  notes  relative  to  reconstruction,  etc.,  in  Belgium  and 
France,  and  industrial  progress,  etc.,  in  Great  Britain  and  elsewhere, 
have  been  contributed  by  W.  E.  Woolley,  Assoc.  M.  Am.  Soc.  C.  E.,  of 
London,  England,  who  is  also  a  Corresponding  Member  of  the  Associa- 
tion of  Liege  (Belgium)  Architects. 

Liege  Council  Votes  Credits  for  House  Construction 

The  town  council  of  Liege  has  voted  a  credit  of  5  000  000  francs  for 
the  construction  of  working  class  dwellings,  for  the  purchase  and 
fitting  up  of  existing  house  property,  also  for  the  construction  of 
temporary  dwellings.     It  has  also  decided  to  create  a  letting  agency. 

An  exhibition  is  to  be  held  shortly  at  the  Museum,  Rue  de 
I'Academie,  Liege,  of  the  designs  awarded  premiums  in  the  recent 
competition  organized  by  the  High  Commissioner  for  the  devastated 
regions  of  Liege,  ]N"amur,  and  Luxemburg. 

Industrial  Research  in  Belgium 

The  Office  of  Industrial  Research  in  Belgium,  which  is  under  the 
Ministry  of  Economic  Affairs,  is  studying  problems  which  are  of  great 
importance  to  Belgitmi  at  the  present  time,  such  as  economies  effected 
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in  fuel  by  electrification,  and  the  manufacture  of  ammonia  compounds 
and  nitrates,  in  order  to  diminish  imports  of  these.  It  is  proposed  to 
establish  a  laboratory  for  research  and  study  of  materials  of  con- 
struction, of  industrial  products,  etc.,  to  aid  and  encourage  inventors, 
and  to  co-operate  with  foreign  or  international  organizations  having 
the  same  objects. 

The  American  Monument  on  the  Marne 

The  Petit  Parisien  announces  that  the  American  monument  on 
tlie  Marne  will  shortly  be  erected  on  a  site  chosen  by  Marshals  Joffre 
and  Foch. 

The  monument  will  be  a  replica  of  the  Statue  of  Liberty  in  New 
York  Harbour,  and  will  probably  be  unveiled  on  July  4th,  American 
Independence  Day,  or  July  14th,  the  French  Fete  Rationale. 

Turf  as  Engine  Fuel 

The  Swedish  Department  of  Railways  has  announced  that  it 
intends  to  develop  the  production  of  turf  fuel  for  locomotive  firing. 

The  experiment  with  turf  as  railway  fuel  began  in  1917,  and  in  the 
following  year  turf  was  being  cut  in  eleven  different  districts,  and  the 
production  reached  40  000  tons.  Last  year  turf  was  in  widespread  use 
both  in  stationary  engines  and  in  locomotives.  Experience  showed 
that  it  was  fully  suitable  for  slow  freight  trains  and  for  shunting  loco- 
motives, but  was  less  suitable  for  fast  passenger  trains. 

Economically  considered,  turf  is  more  profitable  than  coal  at  present 
high  prices  for  the  latter. 

BRIEF  NOTES 

Secretary  of  War  Baker,  after  an  inspection  of  the  Rock  Island 
Arsenal,  is  reported  as  enthusiastic  over  the  plan  of  employees  repre- 
sentation which  is  there  in  force,  by  which  a  committee  composed  of 
three  representatives  elected  from  each  department  takes  up  all 
grievances  and  gives  the  men  a  direct  voice  in  the  management  of  the 
Arsenal. 

According  to  an  announcement  by  the  Inter-racial  Council,  of 
New  York  City,  275  000  emigrants  have  left  this  country  since  the 
armistice,  taking  $550  000  000  with  them,  while  during  the  same  period 
immigration  has  consisted  largely  of  war  widows,  and  other  women  or 
industrial  non-producers. 

By  using  Hertzian  waves,  wireless  experts  of  the  British  fleet  have 
succeeded  in  controlling  torpedo  craft  from  a  distance  of  some  miles. 
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Negotiations  with  Great  Britain  are  under  way  in  Brussels  for  a 
loan  of  £5  000  000  to  be  used  for  reconstruction  of  the  devastated 
districts  of  Belgium. 

According  to  official  statistics  of  the  American  Iron  and  Steel 
Institute,  1919  pig  iron  production  in  the  United  States  was  31  015  364 
tons,  as  compared  with  39  054  644  tons  the  preceding  year.  The  output 
in  1917  was  38  021  216  tons,  and  in  1916,  39  434  797  tons,  the  production 
in  1916  being  the  largest  of  any  year  in  the  history  of  the  industry. 
The  annual  report  of  the  TT.  S.  Steel  Corporation  shows  earnings 
for  1919  of  $152  290  639,  a  decrease  of  $55  990  465  as  compared  with 
1918. 

Lt.-Col,  K.  Mixer,  Red  Cross  Commissioner  to  France,  states  that 
the  return  to  normal  conditions  in  France  is  going  on  so  rapidly  that 
4  300  000  inhabitants  of  the  4  700  000  who  in  pre-war  days  occupied 
the  devastated  areas  have  returned  to  their  homes  and  will  have  the 
region  under  cultivation  within  a  year.  Col.  Mixer  announces  that 
similar  progress  is  being  made  in  Belgium. 

It  is  announced  in  London  that  steps  have  been  taken  for  the 
formation  of  the  most  powerful  banking  combine  in  the  history  of 
l>eace-time  finance  for  restoring  industry  and  economic  life  of  central 
Europe.  Participants  in  the  organization  are  Lloyds  Bank,  London 
Joint  City  and  Midlands  Bank,  Frederick  Huth  and  Co.,  Morgan, 
Grenfell  and  Co.,  Coschen  and  Cunliife.  Rothschild  and  Sons  and 
Schroeder  and  Co.  It  is  said  to  be  a  practicable  scientific  scheme 
along  the  lines  of  a  semi-barter  system  by  which  raw  materials  will  be 
allowed  to  flow  into  central  Europe. 
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ANNOUNCEMENTS 

The  Reading  Room  of  the  Society  is  open  from  9  A.  M.  to  10 
P.  M.,  every  day,  except  Sundays,  New  Year's  Day,  Memorial  Day, 
Fourth  of  July,  Labor  Day,  Thanksgiving  Day,  and  Christmas  Day; 
during  July  and  August,  it  is  closed  at  6  P.  M. 

FUTURE  MEETINGS 

May  5th,  1920. — 8.30  P.  M. — A  regular  business  meeting  will  be 
beld,  and  a  paper  by  Allen  Hazen,  M.  Am.  Soc.  C.  E.,  entitled 
"HydraiJic-Fill  Dams",  will  be  presented  for  discussion. 

This  paper  is  printed  in  this  number  of  Proceedings. 

May  19th,  1920.-8,30  P.  M.— The  usual  meeting  will  be  held  on 
this  evening,  and  announcement  of  the  programme  will  be  made  later. 

ENGINEERING  SOCIETIES  EMPLOYMENT  BUREAU 

Engineering  Societies  Employment  Bureau,  established  December 
1st,  1918,  as  an  activity  of  Engineering  Council,  is  managed  by  a  board 
made  up  of  the  Secretaries  of  the  four  Founder  Societies,  funds  for  its 
maintenance  being  provided  by  these  Societies.  The  Bureau  is  co- 
operating with  engineering  organizations  in  all  parts  of  the  country 
and  with  the  Re-employment  Bureau  under  the  auspices  of  the  Amer- 
ican Legion.  It  is  desirous  of  increasing  such  co-operation  by  working 
with  local  engineering  associations  and  clubs.  The  work  of  the  Bureau 
since  its  inception  has  been  largely  in  the  line  of  securing  employ- 
ment for  men  retiring  from  government  war  service.  Members  of  the 
American  Society  of  Civil  Engineers  who  desire  to  register  with  this 
Bureau  should  apply  for  further  information,  registration  forms,  etc., 
to  Walter  V.  Brown,  Manager,  Engineering  Societies  Employment 
Bureau,  First  Floor,  Engineering  Societies  Building,  29  West  39th 
Street,  New  York  City. 

SEARCHES  IN  THE  LIBRARY 

As  the  Library  of  the  American  Society  of  Civil  Engineers  has  been 
merged  in  the  Engineering  Societies  Library,  requests  for  searches, 
copies,  translations,  etc.,  should  be  addressed  to  the  Director,  Engineer- 
ing Societies  Library,  29  West  39th  Street,  New  York  City,  who  will 
gladly  give  information  concerning  the  charges  for  the  various  kinds 
of  service.  A  more  comprehensive  statement  in  regard  to  this  matter 
will  be  found  on  page  21  of  the  Year  Book  for  1920. 

PAPERS  AND  DISCUSSIONS 

Members  and  others  who  take  part  in  the  oral  discussions  of  the 
papers  presented  are  urged  to  revise  their  remarks  promptly.    Written 
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communications  from  those  who  cannot  attend  the  meetings  should  be 
sent  in  at  the  earliest  possible  date  after  the  issue  of  a  paper  in 
Proceedings. 

All  papers  accepted  by  the  Publication  Committee  are  classified  by 
the  Committee  with  respect  to  their  availability  for  discussion  at 
meetings. 

Papers  which,  from  their  general  nature,  appear  to  be  of  a  character 
suitable  for  oral  discussion  will  be  published  as  heretofore  in  Proceed- 
ings, and  set  down  for  presentation  to  a  future  meeting  of  the  Society, 
and,  on  these,  oral  discussion,  as  well  as  written  communications,  will 
be  solicited. 

All  papers  which  do  not  come  under  this  heading,  that  is  to  say, 
those  which  from  their  mathematical  or  technical  nature,  in  the  opinion 
of  the  Committee,  are  not  adapted  to  oral  discussion,  will  not  be 
scheduled  for  presentation  to  any  meeting.  Such  papers  will  be  pub- 
lished in  Proceedings  in  the  same  manner  as  those  which  are  to  be 
presented  at  meetings,  but  written  discussions  only  will  be  requested 
for  subsequent  publication  in  Proceedings  and  with  the  paper  in  the 
volumes  of  Transactions. 

The  Board  of  Direction  has  adopted  rules  for  the  preparation  and 
presentation  of  papers,  which  will  be  found  on  page  35  of  the  Year 
Book  for  1920. 

LOCAL  ASSOCIATIONS  OF  MEMBERS 
OF  THE  AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

San  Francisco  Association,  Organized  1905. 

M.  M.  O'Shaughnessy,  President;  Nathan  A.  Bowers,  Secretary- 
Treasurer,  502  Rialto  Building,  San  Francisco,  Cal. 

The  San  Francisco  Association  of  Members  of  the  American  Society 
of  Civil  Engineers  holds  regular  bi-monthly  meetings,  with  banquet, 
and  weekly  informal  luncheons.  The  former  are  held  at  6  P.  M.,  at  the 
Engineers'  Club,  57  Post  Street,  on  the  third  Tuesday  of  February, 
April,  June,  August,  October,  and  December,  the  last  being  the  Annual 
Meeting  of  the  Association. 

Informal  luncheons  are  held  at  noon,  every  Wednesday,  at  the 
Engineers'  Club,  where  special  tables  are  reserved  for  members  and 
guests  of  the  Association. 

The  by-laws  of  the  Association  provide  for  the  extension  of  hospi- 
tality to  any  member  of  the  Society  who  may  be  temporarily  in  San 
Francisco,  and  any  such  member  will  be  gladly  welcomed  as  a  guest. 

Colorado  Association,  Organized  1908. 

W.  C.  Huntington,  President;  A.  N.  Miller,  Secretary-Treasurer, 
1400  West  Colfax  Avenue,  Denver,  Colo. 

The  meetings  of  the  Colorado  Association  of  Members  of  the  Ameri- 
can Society  of  Civil  Engineers  (Denver,  Colo.)  are  held  on  the  second 
Saturday  of  each  month,  except  July  and  August.    The  hour  and  place 
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of  meeting  are  not  fixed,  but  this  information  will  be  furnished  on 
application  to  the  Secretary.  The  meetings  are  usually  preceded  by  an 
informal  dinner.  Members  of  the  American  Society  of  Civil  Engineers 
will  be  welcomed  at  these  meetings. 

Weekly  luncheons  are  held  on  Wednesday,  at  12.30  p.  m.,  at  Daniels 
and  Fisher's. 

Visiting  members  are  urged  tb  attend  the  meetings  and  luncheons. 

(Abstract  of  Minutes  of  Meetings) 

December  13th,  1919. — The  meeting  was  called  to  order  at  the 
Shirley  Hotel;  Vice-President  Oliver  T.  Reedy  in  the  chair;  A.  N. 
Miller,  Secretary;  and  present,  also,  11  members  and  1  guest. 

The  minutes  of  the  previous  meeting  were  read  and  approved. 

On  motion,  duly  seconded,  it  was  voted  that  the  Chair  appoint  a 
committee  to  prepare  a  memoir  of  the  late  Thomas  W.  Jaycox,  M.  Am. 
Soe.  C.  E.,  and  Mr.  Lyman  E.  Bishop  was  appointed  as  such  committee. 

Mr.  Arthur  Ridgway,  the  Association's  representative  in  the  Colo- 
rado Engineering  Council,  called  attention  to  the  fact  that  the  terms 
of  office  of  the  representatives  in  the  Council  expired  on  January  1st, 
1920,  and,  on  motion,  duly  seconded,  it  was  voted  to  reinstate  the 
present  incumbents,  namely,  Mr.  Ridgway  as  representative  and  Mr. 
E.  E.  Vincent  as  alternative. 

Capt.  H.  G.  Burrowes  addressed  the  meeting  on  "The  Work  of  the 
Engineer  Regiments  in  France",  and  Maj.  W.  B.  Freeman  described 
the  work  of  the  509th  Engineers  and  discussed  briefly  the  character 
and  relative  efficiency  of  the  common  labor  with  which  he  had  come  in 
contact  in  France. 

Adjourned. 

January  loth,  1920. — The  meeting  was  called  to  order  at  Baur's 
Cafe;  Vice-President  Oliver  T.  Reedy  in  the  chair;  A.  N.  Miller, 
Secretary ;  and  present,  also,  10  members  and  1  guest. 

The  Secretary  read  a  letter  from  the  Philadelphia  Association  re- 
questing favorable  action  on  the  report  of  the  Development  Committee. 
He  also  read  a  letter  from  the  Northwestern  Association  outlining  the 
action  of  its  members  relative  to  the  report. 

On  motion,  duly  seconded,  it  was  decided  that  no  action  would  be 
taken  on  these  letters  until  after  Mr.  Thomas  L.  Wilkinson  had 
addressed  the  meeting  on  the  subject. 

Mr.  L.  R.  Hinman  reported  in  the  matter  of  tunneling  the  Con- 
tinental Divide  and  stated  that,  owing  to  certain  difficulties  in  the  way 
of  getting  together,  he  doubted  the  feasibility  of  further  work  by  the 
Committee.  The  Chairman,  however,  suggested  that  the  work  of  the 
Committee  be  continued. 

Mr.  Wilkinson  addressed  the  meeting  on  the  report  of  the  Develop- 
ment Committee,  after  which,  on  motion,  duly  seconded,  the  following 
resolutions  were  adopted: 

"That  this  Section  endorses  the  action  of  the  Committee  on  Develop- 
ment of  the  American  Society  of  Civil  Engineers  and  favors  the  adop- 
tion of  its  report  as  a  whole  and  its  present  form. 

"That  a  copy  of  the  above  resolution  be  sent  to  the  Board  of 
Direction,  to  the  Committee  of  the  Board  of  Direction  to  Review  the 
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Report   of   the    Committee   on   Development,    and   to   Mr.    George    G. 
Anderson  with  the   request  that  he  act  as  the  representative  of  the 
Association  at  the  Annual  Meeting." 
Adjourned. 

February  14th,  1920. — The  meeting  was  called  to  order  in  the 
dining-room  of  the  Union  Station;  President  W.  C.  Huntington  in 
the  chair;  Vice-President  O.  T.  Reedy  acting  as  Secretary;  and  present, 
also,  13  members  and  4  guests. 

An  informal  discussion  of  the  Federal  Aid  Road  Work  was  opened 
by  Mr.  A.  E.  Palen,  Senior  Highway  Engineer  of  the  Bureau  of  Public 
Roads. 

Mr.  L.  R.  Hinman,  Chairman  of  the  Committee  appointed  to  investi- 
gate the  matter  of  securing  data  in  connection  with  the  proposed  tunnel 
through  the  Continental  Divide,  presented  a  report  of  that  Committee. 

On  motion,  duly  seconded,  the  report  was  accepted  and  the  Commit- 
tee discharged,  after  which  there  was  a  lengthy  discussion  of  the 
subject. 

(President  Huntington  being  obliged  to  leave,  the  meeting  called 
Vice-President  Reedy  to  the  chair.) 

Mr.  Arthur  Ridgway,  President  of  the  Local  Engineering  Council, 
called  the  attention  of  the  members  present  to  the  matter  of  response 
to  calls  for  individual  contributions  for  the  support  of  National  Engi- 
neering Council  and  of  the  suggested  unification  of  the  engineering 
works  of  the  State  along  lines  similar  to  the  proposed  Federal  Depart- 
ment of  Public  Works. 

The  Secretaiy  read  a  communication  from  the  Secretary  of  the 
Joint  Council  of  Engineering  Societies  of  San  Francisco,  calling  atten- 
tion to  an  enclosed  set  of  r&solutions  endorsing  Herbert  C.  Hoover, 
M.  Am.  Soc.  C.  E.,  for  President,  and  inviting  engineering  bodies  of 
the  United  States  to  join  with  it  in  furthering  Mr.  Hoover's  nomina- 
tion and  election. 

Mr.  F.  E.  Weymouth  called  attention  to  the  provision  of  the  Esch 
Water  Power  Bill  to  detail  an  Army  Officer  as  Executive  Secretary  and 
Engineer  Officer  of  the  proposed  Water  Power  Commission.  After 
considerable  discussion  of  the  subject  it  was  decided,  on  motion,  duly 
seconded,  that  a  committee  of  three  be  appointed  to  secure  all  the  data 
possible  in  regard  to  this  matter  to  be  presented  to  a  called  meeting 
of  the  Association,  in  order  that  the  question  of  protesting  this  provi- 
sion might  be  discussed.  The  Chairman  appointed  Messrs.  Weymouth, 
Ridgway,  and  Hinman  as  such  Committee. 

Adjourned. 

February  i8th,  1920.— The  Special  Meeting  was  called  to  order  at 
Daniels  and  Fisher's  Tea  Room;  Vice-President  O.  T.  Reedy  in  the 
chair ;  A.  E.  Palen,  acting  as  Secretary ;  and  present,  also,  16  members 
and  1  guest. 

The  special  meeting  was  called  by  the  Executive  Committee  for  the 
purpose  of  receiving  and  considering  the  report  of  the  Committee 
appointed  to  secure  certain  data  in  regard  to  the  Esch  Water  Power  Bill 
now  before  Congress,  and  was  held  in  connection  with  the  regular 
weekly  luncheon  of  the  Association. 


416  ANNOUNCEMENTS  [Society  Affairs. 

Mr.  F.  E.  Weymouth,  Chairman,  presented  the  report  of  the  Com- 
mittee, and  the  subject  was  discussed  by  those  present. 

On  motion,  duly  seconded,  the  following  resolutions  were  adopted: 

"Whereas,  Section  2  of  the  Water  Power  Bill,  H.  K.  3184,  as 
amended,  provides  for  the  appointment  of  an  officer  of  the  Engineer 
Corps  of  the  Army  as  Executive  Secretary  and  Engineer  Officer  of  the 
Commission,  and 

"Whereas,  The  justification  of  such  designation  is  based  upon  errone- 
ous reasoning  because,  first:  no  ultimate  economy  would  actually  result 
therefrom,  for  if  the  duties  of  such  officer  of  the  Engineer  Corps  were 
essential,  and  the  presumption  is  that  they  are  essential  or  otherwise 
there  would  be  no  such  officer  in  the  Engineer  Corps,  then  some  other 
person  must  of  necessity  be  designated  to  succeed  the  Engineer  Corps 
Officer  detailed  to  the  work  of  the  Commission;  second:  the  permis- 
sible period  of  detachment  of  Army  Officers  from  their  regular  duties 
would  in  no  wise  insure  tenure  of  office  as  Executive  Secretary  and 
Engineer  Officer  of  the  Commission  than  a  civilian  incumbent  thereof; 
and  third :  it  can  by  no  means  be  maintained  as  an  established  fact  that 
officers  of  the  Army  Engineer  Corps  possess  more  of  the  necessary 
qualifications,  either  through  training  or  experience  in  water  power 
matters,  than  civilian  engineers,  and 

"Whereas,  We  believe  it  in  the  interest  of  the  people  to  leave  to 
the  discretion  of  the  Commission  the  appointment  of  an  Executive 
Secretary  and  Engineer  Officer  to  the  end  that  the  highest  qualifica- 
tions may  govern,  regardless  of  whether  those  qualifications  are  to  be 
found  in  the  personnel  of  the  Army  or  in  civil  life; 

'^Now,  Therefore,  Be  it  Resolved  by  the  Colorado  Association  of 
Members  of  the  American  Society  of  Civil  Engineers  that  the  first 
sentence  of  Section  2  of  the  Water  Power  Bill,  H.  K  3184,  be  struck 
out  and  the  following  sentence  be  substituted  therefor : 

"  'That  the  Commission  shall  appoint,  fix  the  compensation  and  pre- 
scribe the  duties  of  an  Executive  Secretary  and  Engineer  Officer  who 
shall  be  a  properly  qualified  Engineer',  and 

"Be  it  Further  Resolved  That  a  counterpart  of  these  resolutions  be 
transmitted  forthwith  to  each  of  the  Congressional  Senators  and  Rep- 
resentatives of  the  State  of  Colorado." 

On  motion,  duly  seconded,  it  was  voted  to  send  a  copy  of  these  resolu- 
tions to  the  Chairman  of  the  Joint  Conference  Committee  considering 
the  bill.  It  was  also  decided  to  furnish  the  Rocky  Mountain  News 
with  a  report  of  the  meeting  and  advise  the  other  engineering  societies 
of  Denver  of  the  action  of  the  Association,  with  the  request  that  they 
take  similar  action. 

Adjourned. 

Atlanta  Association,  Organized  1912. 

V.  H.  Kriegshaber,  President;  Howard  L.  Stillwell,  Secretaiy- 
Treasurer,  533  Trust  Co.  of  Georgia  Bldg.,  Care,  Southeastern  Under- 
writers' Association,  Atlanta,  Ga. 

Informal  luncheons  are  held  for  members  of  the  Association  on  the 
last  Monday  of  each  month,  at  12.30  p.  m.,  to  which  visiting  members 
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of  the  American  Society  of  Civil  Engineers  will  be  welcomed.  The 
place  is  not  fixed,  but  this  information  will  be  furnished  on  application 
to  the  Secretary, 

Baltimore  Association,  Organized  1914. 

H.  G.  Perring,  President,  320G  Carlisle  Avenue,  Baltimore,  Md. 

Cleveland  Association,  Organized  1914. 

W.  P.  Brown,  President;  George  H.  Tinker,  Secretary-Treasurer, 
516  Columbia  Building,  Cleveland,  Ohio. 

The  regular  meetings  of  the  Association  are  held  on  the  second 
Wednesday  of  each  month,  at  12.15  p.  m.,  in  the  Rooms  of  the  Electrical 
League,  on  the  Fourteenth  Floor  of  the  Statler  Hotel.  Luncheon  is 
served  at  these  meetings,  and  visiting  members  are  invited  to  attend. 

Connecticut  Association,  Organized  1919. 

C.  M.  Saville,  President;  R.  J.  Ross,  Secretary,  Municipal  Building, 
Hartford,   Conn. 

The  Annual  Meeting  of  the  Association  is  held  in  April.  The 
Association  also  holds  fortnightly  meetings  alternating  between  Hart- 
ford and  New  Haven,  Conn.  These  meetings  are  informal  luncheon 
gatherings  held  usually  at  noon  on  Saturday,  a  notice  being  mailed  to 
each  member  calling  attention  to  the  date,  time,  place,  and  subject  for 
discussion.  Members  are  privileged  to  invite  guests  regardless  of  their 
affiliation  as  engineers.  No  set  speeches  are  scheduled,  but_  certain 
members  are  asked  to  be  prepared  to  present  the  assigned  subject  and 
lead  in  a  general  discussion. 

Detroit  Association,  Organized  1916. 

Lewis  M.  Gram,  President;  Dalton  R.  Wells,  Secretary-Treasurer, 
624  McKerchey  Building,  Detroit,  Mich.  ) 

The  regular  meetings  of  the  Association  are  held  on  the  secon'd 
Friday  of  December,  April,  and  October,  the  last  being  the  Annual 
Meeting. 

District  of  Columbia  Association,  Organized  1916. 

David  S.  Carll,  President;  James  H.  Yan  Wagenen,  Secretary- 
Treasurer,  719  Fifteenth  Street,  N.  W.,  Washington,  D.  C. 

Duluth  Association,  Organized  I9i7- 

G.  A.  Taylor,  President;  Walter  G.  Zimmermann,  Secretary,  Wolvin 
Building,  Duluth,  Minn. 

The  regular  meetings  of  the  Association  are  held  at  noon  on  the 
third  Monday  of  each  month  (usually  at  the  Kitchi  Gammi  Club), 
with  luncheon,  followed  by  a  short  business  session  and  the  reading  of 
papers.  Visiting  members  of  the  American  Society  of  Civil  Engineers 
can  secure  from  the  Secretary  definite  information  relative  to  the 
meetings,  at  which  they  will  be  welcomed.  The  Annual  Meeting  is 
held  on  the  third  Monday  in  May.         ~ 
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Illinois  Association,  Organized  1916. 

A.  F.  Reichmann,  President;  W.  D.  Gerber,  Secretary-Treasurer, 
913  Chamber  of  Commerce,  Chicago,  111. 

The  regular  meetings  of  the  Association  are  held  on  the  second 
Monday  of  March,  June,  September,  and  December,  the  last  being 
the  Annual  Meeting.  The  hour  and  place  of  meetings  are  not  fixed, 
but  this  information  will  be  furnished  on  application  to  the  Secretary. 

Iowa  Association,  Organized  1920. 

J.  E.  Van  Liew,  President;  R.  W.  Crum,  Secretary,  Iowa  State  Col- 
lege, Ames,  Iowa. 

(Abstract  of  Minutes  of  Meetings) 

November  20th,  19 19.— The  meeting  was  called  to  order,  at  Des 
Moines,  Iowa;  President  J.  E.  Van  Liew  in  the  chair;  R.  W.  Crum, 
Secretary;  and  present,  also,  16  members  and  3  guests. 

Papers  by  Messrs.  J.  H.  Dunlap  and  W.  J.  Schlick  on  "Organization 
of  Engineers  in  Iowa"  and  "An  Outline  Plan  of  Organization  for  the 
Engineering  Council  of  Iowa",  respectively,  were  presented  by  the 
authors,  and  were  followed  by  a  general  discussion  of  the  subject. 

On  motion,  duly  seconded,  the  following  resolution  was  adopted: 

"That  a  Committee,  consisting  of  Messrs.  J.  E.  Van  Liew,  C.  H. 
Currie,  J.  H.  Dunlap,  and  W.  J.  Schlick,  be  appointed  to  confer  with 
representatives  from  other  sections  of  National  societies  and  local 
engineering  clubs  and  State  Engineering  organizations,  concerning 
State-wide  co-operation  and  to  report  at  the  next  meeting." 

On  motion,  duly  seconded,  it  was  decided  that  the  Association  go 
on  record  as  favoring  an  all-State  engineering  organization. 

A  paper  entitled  "Family  Relations",  by  Mr.  W.  G.  Raymond,  was 
presented  by  the  author,  and,  after  further  discussion  of  the  subject, 
it  was  decided,  on  motion,  duly  seconded,  that  the  recommendations 
of  the  Seattle  Association  and  the  general  problems  involved  therein 
be  referred  to  the  Executive  Committee  for  report  at  the  next  meeting. 

On  motion,  duly  seconded,  it  was  decided  that  the  next  meeting  of 
the  Association  be  held  in  connection  with  the  Annual  Meeting  of  the 
Iowa  Engineering  Society. 

It  was  also  decided,  on  motion,  duly  seconded,  that  the  officers 
serving  at  this  time  be  considered  as  pro  tern. 

The  following  officers  were  elected:  President,  J.  E.  Van  Liew; 
Vice-President,  C.  H.  Currie;  and  Directors,  C.  L.  Huff  and  J.  B. 
Marsh. 

On  motion,  duly  seconded,  the  dues  for  1920  were  6xed  at  $5  00. 

On  motion,  duly  seconded,  the  following  amendment  to  the  By-Laws 
was  ordered  sent  to  letter-ballot  to  the  members  of  the  Association : 

"Article  VII. — All  members  of  the  American  Society  of  Civil 
Engineers  exempt  from  payment  of  dues  in  that  Society  be  exempt 
from  payment  of  dues  in  this  Association." 

The  Secretary,  on  motion,  duly  seconded,  was  instructed  to  send 
copies  of  the  papers  by  Messrs.  Raymond,  Dunlap,  and  Schlick  to  all 
members  of  the  Association. 

Adjourned. 
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February  17th,  1920. — The  meeting  was  called  to  order  at  Fort 
Dodge,  Iowa,  at  8  p.  m.;  President  J.  E.  Van  Liew  in  the  chair;  E.  W. 
Crum,  Secretary;  and  present,  also,  19  members  and  4  guests. 

The  minutes  of  the  First  Annual  Meeting,  held  in  Des  Moines, 
Iowa,  on  November  20th,  1919,  were  read  and  approved. 

The  report  of  the  Special  Committee  on  Co-operation  of  Engineer- 
ing Societies  and  Clubs  in  Iowa  was  presented  by  Mr.  J.  H.  Dunlap, 
in  the  form  of  minutes  of  a  conference  on  affiliation  of  engineering 
clubs  and  societies,  held  on  January  9th,  1920,  at  the  call  of  the 
Committee. 

On  motion,  duly  seconded,  the  plan  was  approved  in  spirit  and 
extent,  the  representation  of  the  Association  at  the  organization 
meeting  of  the  Council  was  fixed  as  one  delegate  for  each  fifteen  mem- 
bers or  fraction  thereof,  and  the  changes  in  the  plan  recommended  by 
the  Committee  were  approved. 

On  motion,  duly  seconded,  the  President  was  instructed  to  appoint 
four  representatives  from  the  Association  to  the  conference  of  delegates 
of  the  Iowa  Engineering  Clubs  and  Societies  to  be  held  on  February 
20tli,  1920,  at  Fort  Dodge,  Iowa. 

President  Van  Liew  subsequently  appointed  the  following  members 
of  the  Association  as  such  delegates:  Messrs.  W.  G.  Raymond,  Chair- 
man, W.  J.  Schlick,  H.  S.  Williams,  and  C.  H.  Currie. 

The  report  of  the  Special  Committee  on  Relations  between  Local 
Associations  and  the  American  Society  of  Civil  Engineers,  was 
presented  by  President  Van  Liew. 

A  report  on  the  Annual  Meeting  of  the  Society  was  presented  by 
Anson  Marston,  Director  from  District  Wo.  Y. 

The  Secretary  was  instructed  by  President  Van  Liew  to  inquire  of 
the  Secretary  of  the  Society  if  it  be  the  wish  of  the  Board  of  Direction 
that  Local  Associations  take  any  action  concerning  applications  for 
membership  in  the  Society. 

Adjourned. 

Louisiana  Association,  Organized  1914* 

A.  T.  Dusenbury,  President;  Eugene  F.  Delery,  Secretary,  602 
Sewerage  and  Water  Board  Building,  New  Orleans,  La. 

The  regular  meetings  of  the  Association  are  held  at  The  Cabildo, 
New  Orleans,  La.,  on  the  first  Monday  of  January,  April,  July,  and 
October. 

Nebraska  Association,  Organized  1917- 

Clark  E.  Mickey,  President;  Homer  V.  Knouse,  Secretary-Treas- 
urer, 200  City  Hall,  Omaha,  Nebr. 

Regular  meetings  of  the  Association  are  held  on  the  first  Saturday 
of  each  month,  except  July  and  August,  and  at  such  places  as  may  be 
appointed  from  time  to  time  by  the  Executive  Committee.  The  Annual 
Meeting  is  held  in  Lincoln,  Nebr.,  on  the  second  Friday  in  January.  ^ 

Visiting  members  of  the  Society  are  especially  urged  to  communi- 
cate with  the  Secretary  when  in  the  city. 
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New  York   Section,   Organized   1920. 

Eobert  Ridgway,  President;  Lewis  D.  Rights,  Secretary,  256  Broad- 
way, New  York  City. 

The  Annual  Meeting  is  held  in  May.  The  times  and  places  of  other 
meetings  are  not  fixed,  but  this  information  will  be  furnished  on  appli- 
cation to  the  Secretary. 

(Abstract  of  Minutes  of  Meeting) 

March  31st,  1920. — The  meeting  was  called  to  order  at  the  Engi- 
neering Societies  Building,  at  8.35  p.  m.;  President  Robert  Ridgway 
in  the  chair;  Lewis  D.  Rights,  Secretary;  and  present,  also,  70  mem- 
bers and  39  guests. 

The  minutes  of  the  meeting  of  February  18th,  1920,  were  read 
and  approved. 

The  President  made  a  statement  concerning  the  formation  of  the 
New  York  Section  and  its  aims  and  purposes,  and  the  Treasurer 
reported  the  membership  to  be  192. 

President  Ridgway  ann  unced  that  the  Annual  Meeting  of  the 
Section  would  be  held  on  May  12th,  1920,  and  suggested  the  appoint- 
ment of  a  Nominating  Committee  to  nominate  officers  for  the  ensuing 
year. 

Mr.  Thomas  C.  Desmond  offered  a  resolution  as  to  the  method  of 
appointing  a  Nominating  Committee,  which,  after  discussion  and 
amendment  by  Messrs.  John  A.  Bensel  and  Richard  S.  Buck,  was 
adopted  by  the  meeting. 

At  the  call  of  President  Ridgway  for  nominations,  the  following 
names  were  designated:  Messrs.  Bensel,  Brown,  Buck,  Castle,  Gilman, 
Holland,  Lavis,  Mehren,  and  Turner. 

On  motion,  duly  seconded,  the  nominations  were  closed,  and  Presi- 
dent Ridgway  appointed  Messrs.  C.  Raymond  Hulsart,  William  G. 
Grove,  and  J.  E.  Beswick  as  Tellers  to  canvass  the  ballots  for  the 
Nominating  Committee. 

Lt.-Col.  George  D.  Snyder,  of  the  22d  Engineers,  N.  G.  N.  Y.,  read 
a  letter  asking  for  co-operation  in  recruiting  that  organization.  On 
motion,  duly  seconded,  the  President  was  instructed  to  appoint  a  com- 
mittee of  three  to  co-operate  with  Col.  Snyder  in  this  matter. 

Arthur  P.  Davis,  President  of  the  Society,  addressed  the  meeting 
briefly  on  the  progress  of  the  Society. 

An  informal  discussion  on  "A  Bill  for  Licensing  Engineers  in 
New  York"  was  opened  by  Mr.  Clifford  M.  Holland,  who  was  followed 
by  Messrs.  John  A.  Bensel,  representing  the  Albany  Society  of  Engi- 
neers, Allen  Hazen,  Richard  S.  Buck,  A.  D.  Flinn,  T.  Kennard 
Thomson,  Fred  Lavis,  Frederick  Wilcock,  George  A.  Orrok,  Leonard 
D.  Smith,  of  the  American  Association  of  Engineers,  and  William  G. 
Grove.  President  Ridgway  presented  a  letter  from  E.  P.  Goodrich,  M. 
Am.  Soc.  C.  E.,  on  the  subject. 

On  motion,  duly  seconded,  the  following  resolution  was  adopted: 

"That  it  is  the  expression  of  opinion  of  this  meeting  that  engineers 
should  be  licensed  in  this  State." 

On  motion,  duly  seconded,  a  resolution  was  adopted  instructing  the 
President  to  appoint  a  committee  of  three  to  wait  on  the  State  Legis- 
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lature,  to  acquaint  it  with  the  fact  that  the  Section  approved  Bill 
No.  1258,  and  to  urge  the  passage  of  such  bill.  President  Ridgway 
subsequently  appointed  Messrs.  Bensel,  Buck,  and  Holland  as  such 
Committee. 

Mr.  J.  P.  J.  "Williams  outlined  briefly  the  important  points  of 
difference  between  the  New  York  bill  and  that  suggested  as  a  model 
bill  by  Engineering  Council. 

The  report  of  the  Tellers  appointed  to  canvass  the  ballot  for  the 
Nominating  Committee  was  presented,  and  Messrs.  Holland,  Turner, 
Mehren,  Castle,  and  Lavis  were  declared  elected  as  the  Nominating 
Committee,  the  Committee  to  select  its  own  Chairman.  Mr.  Castle 
requested  the  members  of  the  Section  to  make  suggestions  of  names 
for  candidates  for  officers  to  the  Nominating  Committee. 

Adjourned. 

Northwestern  Association,  Organized   1914. 

Ralph  D.  Thomas,  President;  W.  N.  Jones,  Secretary,  City  Engi- 
neer's Office,  City  Hall,  Minneapolis,  Minn. 

The  meetings  of  the  Association  are  held  bi-monthly,  alternating 
between  St.  Paul  and  Minneapolis,  on  the  third  Friday  of  each  month. 
Information  as  to  the  time  and  place  of  such  meetings  will  be  furnished 
on  application  to  the  Secretary. 

Philadelphia  Association,  Organized  1913- 

S.  M.  Swaab,  President;  Henry  T.  Shelley,  Secretary,  416  City 
Hall,  Philadelphia,  Pa. 

The  regular  meetings  of  the  Association  are  held  at  the  Engineers' 
Club  of  Philadelphia,  1317  Spruce  Street,  on  the  first  Monday  in 
January,  April,  and  October,  the  last  being  the  Annual  Meeting.  Spe- 
cial meetings  are  also  held,  in  order  to  provide  an  opportunity  for  mem- 
bers to  take  a  more  active  part  in  the  work  of  the  Association. 

Pittsburgh  Association,  Organized  1917. 

Morris  Knowles,  President;  Nathan  Schein,  Secretary-Treasurer, 
426  City-County  Building,  Pittsburgh,  Pa. 

The  Annual  Meeting  of  the  Association  is  held  on  the  first  Mon- 
day in  October.  The  time  and  place  of  other  meetings  are  not  fixed,  but 
this  information  will  be  furnished  on  application  to  the  Secretary. 

Portland  (Ore.)  Association,  Organized  I9i3. 

J.  C.  Stevens,  President;  C.  P.  Keyser,  Secretary,  318  City  Hall, 
Portland,  Ore. 

The  Annual  Meeting  of  the  Association  is  held  on  the  second  Friday 
in  January.  Other  meetings  are  called  by  the  President  and  are  usually 
convened  on  Friday  evenings.  The  place  is  not  fixed,  but  this  informa- 
tion may  be  obtained  on  application  to  the  Secretary.  All  members 
of  the  American  Society  of  Civil  Engineers  are  cordially  invited  to 
attend  the  meetings. 
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(Abstract  of  Minutes  of  Meeting) 

March  ist,  1920. — The  meeting  was  called  to  order  at  the  University 
Club,  at  8  p.  M.;  President  J.  C.  Stevens  in  the  chair;  C.  P.  Keyser, 
Secretary;  and  present,  also,  21  members  and  2  guests. 

The  minutes  of  the  Annual  Meeting,  January  9th,  1920,  were  read 
and  approved. 

President  Stevens  announced  that  the  members  of  the  Board  of 
Direction  of  the  Association  meet  regularly  at  lunch  at  the  University 
Club  on  the  second  and  fourth  Mondays  of  each  month,  and  invited 
all  members  of  the  Association  to  attend  these  luncheons  and  make 
suggestions  on  matters  discussed  by  the  Board.  He  also  reviewed 
briefly  the  action  taken  at  such  meetings  since  the  Annual  Meeting. 

E.  B.  Thomson,  Chairman  of  the  Committee  on  the  Fortnation  of 
a  Local  Technical  Council,  reported  that,  at  a  meeting  of  delegates 
on  Febru&ry  20th,  1920,  a  constitution  for  the  Oregon  Technical 
Council  had  been  adopted,  which  he  ofi'ered  as  a  Final  Eeport  of  his 
Committee.  On  motion,  duly  seconded,  the  report  was  adopted  and 
the  Committee  discharged. 

On  motion,  duly  seconded,  the  Board  of  Direction  was  empowered 
to  appoint  representatives  of  the  Association  to  the  Oregon  Technical 
Council. 

Mr.  G.  C.  Mason  explained  the  objects  of  an  Industrial  Disputes 
Commission  which  has  been  instituted  by  the  National  Eotary  Clubs 
and  is  to  be  made  up  of  ten  representatives  from  organizations  of  the 
employer  and  employee  classes,  and  moved  that  the  Association  appoint 
a  representative  to  serve  on  that  Commission,  which  motion,  having 
been  duly  seconded,  was  carried. 

The  attention  of  the  meeting  was  called  to  reports  of  un-American 
utterances  on  the  part  of  a  member  of  the  Engineering  Staff  of  the 
Faculty  of  the  Oregon  Agricultural  College,  and  led  to  a  discussion 
as  to  how  far  the  Society  or  any  of  its  Local  Associations  should  go 
in  interfering  with  the  liberties  of  teachers  on  questions  of  morals  or 
politics.  On  motion,  duly  seconded,  the  President  was  instructed  to 
appoint  a  committee  of  three  to  investigate  the  charges  against  the 
faculty  member  in  question  and  report  back  to  the  Association. 

Mr.  Mason,  as  member  of  the  Development  Committee  from  this 
District,  made  an  appeal  for  a  full  vote  on  the  Questionnaire  sent  out 
by  the  Society,  on  the  subject,  and  Director  Henny  reported  on  events 
at  the  Annual  Meeting  of  the  Society,  supplementing  Mr.  Mason's 
appeal  for  a  full  vote  on  the  Questionnaire  as  an  expression  of  the 
opinion  and  feeling  of  the  members  of  this  District  on  the  work  of  the 
Development  Committee. 

The  Secretary  read  a  communication  from  Secretary  Hunt  relative 
to  local  items  of  interest  for  publication  in  the  Proceedings  of  the 
Society,  and  it  was  stated  that  such  matter  would  emanate  from  the 
Board  of  Direction. 

Mr.  Henny  reported  that  he  had  interviewed  all  the  Senators  and 
Representatives  from  Oregon  in  regard  to  the  Jones-Reavis  Bill  and 
that  all  of  them  were  in  favor  of  it. 

Mr.  J.  P.  Newell,  President  of  the  City  Planning  Commission,  then 
addressed  the  meeting   on   "Zoning   as  Worked   Out  for  the  City  of 
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Portland,  and  the  Pending  Zoning  Ordinance".  It  was  moved  that 
the  Association  go  on  record  as  favoring  the  Zoning  Ordinance  as  it 
stands  and  urge  its  immediate  passage  on  the  City  Council,  and  the 
Chairman  appointed  Messrs.  Dieck  and  Reed  as  a  committee  to  draft 
a  resolution  to  the  Mayor  and  City  Council  embodying  this  motion. 
Adjourned. 

St.  Louis  Association,  Organized   1888   (Constitution  Approved  by 
Board,  1914). 

Edward  E.  Wall,  President;  C.  W.  S.  Sammelman,  Secretary- 
Treasurer,  300  City  Hall,  St.  Louis,  Mo. 

The  Annual  Meeting  of  the  Association,  for  the  election  of  officers 
and  for  the  transaction  of  business,  is  held  on  the  fourth  Monday  in 
November.  Two  meetings  each  year,  for  the  presentation  and  discus- 
sion of  technical  papers,  are  held  in  the  Auditorium  of  the  Engineers' 
Club  of  St.  Louis  and  are  open  to  members  of  the  Associated  Societies. 
Other  "get-together"  meetings  are  held  regularly  for  dinner  or  luncheon 
on  the  fourth  Monday  of  each  month  except  July,  August,  and 
November. 

San  Diego  Association,  Organized  1915. 

W.  C.  Earle,  President;  R.  C.  Wueste,  Secretary-Treasurer,  Bonita, 
Cal. 

Seattle  Association,  Organized  1913. 

John  L.  Hall,  President;  Bertram  D.  Dean,  Secretary,  1711  Ravenna 
Bovilevard,  Seattle,  Wash. 

The  regular  meetings  of  the  Association,  with  luncheon,  are  held 
at  the  Engineers'  Club,  Arctic  Building,  Third  Avenue  and  Cherry 
Street,  at  12.15  p.  m.,  on  the  last  Monday  of  each  month.  Informal 
luncheons  are  also  held  at  12.15  P.  M.,  every  Monday  at  the  Engineers' 
Club. 

Special  evening  meetings  are  held  from  time  to  time  for  the  purpose 
of  discussing  important  topics,  and  information  concerning  these  meet- 
ings may  be  had  by  addressing  the  Secretary.  All  members  in  any 
grade  of  the  American  Society  of  Civil  Engineers  are  cordially  invited 
to  attend  the  meetings  when  in  the  vicinity,  and,  if  located  in  this 
District  for  any  length  of  time,  their  membership  in  the  Association 
will  be  appreciated. 

(Abstract  of  Minutes  of  Meeting) 

March  2d,  1920. — The  meeting  was  called  to  order  at  12.45  p.  M., 
at  the  Masonic  Club ;  President  John  L.  Hall  in  the  chair ;  Bertram  D. 
Dean,  Secretary;  and  present,  also,  13  members. 

The  minutes  of  the  Annual  Meeting  were  read  and  approved. 

The  President  read  extracts  from  a  letter  from  Professor  A.  H. 
Fuller  relative  to  the  Annual  IMeeting  of  the  Society  and  particularly 
to  the  report  of  the  Development  Committee. 

A  verbal  report  of  the  work  of  the  Committee  on  Associated 
Industries  was  made  by  Chauncy  Wernecke,  Chairman,  and,  on  motion, 
duly  seconded,  the  Committee  was  discharged. 
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It  was  moved  and  seconded,  that  the  President  be  instructed  to 
prepare  and  send  out  to  all  members  of  the  Association  a  circular 
urging  them  to  vote  at  as  early  a  date  as  possible  on  the  "Questionnaire" 
on  the  report  of  the  Development  Committee.  After  discussion  by 
Messrs.  Mogensen,  Wernecke,  and  Warrack,  the  motion,  duly  seconded, 
was  carried  unanimously. 

On  motion,  duly  seconded,  President  Hall  and  Mr.  T.  E.  Phipps 
were  elected  as  representatives  of  the  Association  to  the  Joint  Council 
of  Engineering  Societies. 

On  the  suggestion  of  Mr.  J.  B.  Warrack  that  the  Association  go  on 
record  as  advocating  the  appointment  by  the  new  Mayor  of  Seattle 
of  an  engineer  to  fill  any  vacancy  occurring  in  the  Board  of  Public 
Works,  the  President  was  authorized,  on  motion,  duly  seconded,  to 
appoint  a  committee  to  present  the  views  of  the  Association  to  the  new 
Mayor  regarding  these  appointive  offices.  President  Hall  appointed 
Messrs.  Jacobs,  Wernecke,  and  Phipps  as  such  committee. 

Adjourned. 

Southern  California  Association,  Organized  1914. 

W.  K.  Barnard,  President;  Eloyd  G.  Dessery,  Secretary,  514  Central 
Building,  Los  Angeles,  Cal. 

The  Southern  California  Association  of  Members  of  the  American 
Society  of  Civil  Engineers  (Los  Angeles,  Cal.)  holds  regular  monthly 
meetings  on  the  second  Wednesday  of  each  month,  the  December  meet- 
ing being  the  Annual  Meeting. 

Informal  luncheons  in  connection  with  the  Joint  Technical  Societies 
of  Los  Angeles  are  held  at  12.15  P.  M.,  every  Thursday  at  the  Broadway 
Department  Store  Cafe. 

The  by-laws  of  the  Association  provide  for  the  extension  of  hospi- 
tality to  any  member  of  the  Society  who  may  be  temporarily  in  Los 
Angeles,  and  any  such  member  will  be  gladly  welcomed  as  a  guest  at 
any  of  the  meetings  or  luncheons. 

Spokane  Association,  Organized  1914. 

Alfred  D.  Butler,  President;  Charles  E.  Davis,  Secretary-Treasurer, 
401  City  Hall,  Spokane,  Wash. 

The  regular  meetings  of  the  Association  are  held  on  the  second 
Friday  of  each  month,  except  July  and  August.  The  hour  and  place 
of  meeting  are  not  fixed,  but  this  information  will  be  furnished  on 
application  to  the  Secretary. 

Visiting  members  are  invited  to  attend  the  meetings. 

Texas  Association,  Organized  1913. 

Hans  Helland,  President;  E.  N,  'Nojes,  Secretary,  Deere  Building, 
Dallas,  Tex. 

Utah  Association,  Organized  1916. 

A.  B.  Yilladsen,  President,  304  Dooly  Bldg.,  Salt  Lake  City,  Utah. 

The  Annual  Meeting  of  the  Association  is  held  on  the  first  Wednes- 
day in  April.  The  time  of  other  meetings  is  not  fixed,  but  this  infor- 
mation will  be  furnished  on  application  to  the  President. 
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PRIVILEGES   OF   ENGINEERING  SOCIETIES 

EXTENDED  TO  MEMBERS  OF  THE 
AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

Members  of  the  American  Society  of  Civil  Engineers  will  be  wel- 
come in  the  Reading  Rooms  and  at  the  meetings  of  many  engineering 
societies  in  all  parts  of  the  world.  A  list  of  such  societies  will  be  found 
on  pages  42  and  43  of  the  Year  Book  of  the  Society  for  1920. 

Upon  request  by  its  Board  of  Trustees,  the  Engineering  Societies 
of  Wisconsin,  Madison,  Wis.,  is  to  be  added  to  the  above  mentioned 
list,  and  its  members  are  accorded  the  usual  courtesies  and  privileges 
of  the  Headquarters  of  the  Society. 
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NEW  BOOKS* 

(From  March  1st  to  March  31st,  1920) 

The  statements   made   in   these   notices   are   taken   from   the  books 
themselves,  and  this  Society  is  not  responsible  for  them. 


DONATIONS  TO  ENGINEERING  SOCIETIES  LIBRARY 

ELECTRIC  OSCILLATIONS   AND   ELECTRIC   WAVES: 

"With  Application  to  Radiotelegraphy  and  Incidental  Application  to 
Telephony  and  Optics.  By  George  W.  Pierce.  N.  Y.,  McGraw-Hill 
Book  Co.,  Inc.;  Lond.,  Hill  Publishing  Co.,  Ltd.,  1920.  517  pp.,  dia- 
grams, tab.,  9x6  in.,  cloth.    $5.00. 

This  book  is  designed  to  present  a  mathematical  treatment  of  some  of  the  funda- 
mentals of  the  theory  of  electric  oscillations  and  electric  waves.  In  the  selection  of 
material,  the  author  has  given  first  consideration  to  that  which  is  particularly 
applicable  to  radiotelegraphy,  yet  he  hopes  that,  as  the  electromagnetic  theory 
involved  in  radiotelegraphy  is  also  fundamental  to  optics,  telephony,  and  power 
transmission,  his  work  will  be  useful  to  students  of  these  subjects. 

ELECTRIC   LIGHTING, 

By  Olin  Jerome  Ferguson.     N.  Y.,  McGraw-Hill  Book  Co.,  Inc. ; 

Lond.,  Hill  Publishing  Co.,  Ltd.,  1920.     243  pp.,  illus.,  diagrams,  tab., 

9x6  in.,  cloth.     $2.50. 

Although  a  number  of  excellent  books  exist  which  cover  certain  portions  of 
the  field  included  in  the  title  of  this  volume,  the  author  believes  that  there  is  need 
for  a  work  giving  a  well-balanced  presentation  of  fundamentals,  with  principles  and 
practice  explained  throughout.  This  need  he  has  tried  to  meet  with  a  textbook  of 
moderate  size. 

NOTES  ON  MAGNETISM: 

For  the  Use  of  Students  of  Electrical  Engineering.  By  C.  G.  Lamb. 
Cambridge,  England,  University  Press,  1919.  94  pp.,  55  illus.,  9x5 
in.,  paper.     (Gift  of  G.  P.  Putnfim's  Sons.) 

The  author  presents  an  outline  of  those  essential  parts  of  magnetic  theory 
which  a  student  of  electrical  engineering  requires  in  order  to  read  ordinary  technical 
textbooks    with     intelligence.       The    book    is    based    on     the     course    at    Cambridge 

University. 

ARMATURE  WINDING  AND  MOTOR  REPAIR. 

By  Daniel  H.  Braymer.  N.  Y.  and  Lond.,  McGraw-Hill  Book  Co., 
Inc.,  1920.     515  pp.,  illus.,  tab.,  8x6  in.,  cloth.     $3.00. 

This  book  does  not  discuss  the  subject  from  the  point  of  view  of  theory  or 
design,  but  is  a  compilation  of  practical  methods  used  by  repair  men  and  arma- 
ture winders.  The  methods  selected  are  those  which  represent  the  best  practice  in 
repair  shops  of  average  size  and  are  given  in  detail. 

MENSURATION  FOR  MARINE  AND  MECHANICAL  ENGINEERS: 

(Second  and  First-Class  Board  of  Trade  Examinations.)  By  John 
W.  Angles.  Lond.  and  IST.  Y.,  Longmans,  Green  and  Co.,  1919.  162  pp., 
illus.,  diagrams,  7x5  in.,  cloth.     $1.75. 

This  textbook  is  intended  to  enable  ctudents  to  pass  the  examinations  of 
the  Board  of  Trade  (Great  Britain)  for  licenses  as  marine  engineers,  but  will  be 
useful,  the  author  hopes,  to  engineering  students  in  other  lines.  A  feature  is  made 
of  fully  solved  examples,  illustrating  the  practical  applications  of  the  theoretical 
principles    involved    in    the    text. 

*  Unless  otherwise  specified,  books  in  this  list  have  been  donated  by  the  publishers. 
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MOTOR  VEHICLE  ENGINEERING: 

Engines  (for  Automobiles,  Trucks,  and  Tractors).  By  Ethelbert 
Favary.  Second  Edition.  N.  Y.  and  Lond.,  McGraw-Hill  Book  Co., 
Inc.,  1920.    333  pp.,  illus.,  plates,  tab.,  9x6  in.,  cloth.    $3.50. 

The  author  states  that  many  chapters  of  this  edition  have  been  entirely 
rewritten,  that  the  practical  data  have  been  brought  up  to  date,  and  that  the 
work  has  been  generally  revised.  The  book  treats  of  automobile  engines  and  is 
intended  to  give  a  concise,  simple  statement  of  the  everyday  information  needed 
by   automotive   engineers. 

FLOW  AND  MEASUREMENT  OF  AIR  AND  GASES', 

By  Alec  B.  Eason.  Lond.,  Charles  Griffin  &  Co.,  Ltd.;  Phila.,  J.  B. 
Lippincott  Co.,  1919.  252  pp.,  illus.,  diagrams,  tab.,  9x6  in.,  cloth. 
25  shillings. 

The  engineering  problems  investigated  in  this  book  arise  in  connection  with 
pneumatic  tubes  and  compressed  air,  gas  lighting,  and  ventilating  systems.  The 
author  has  investigated,  by  study  of  the  literature  and  by  experiment,  the  friction 
of  gases  and  the  coefficient  of  friction  in  pipes,  the  question  of  suitable  meters 
for  gas  and  air,  and  the  working  of  pneumatic  tubes,  and  has  attempted  to 
co-ordinate  the  results  of  the  various  tests  and  formulas,  so  that  the  reason  for 
variations  may  be  appreciated.  Full  references  to  the  sources  of  information 
are   given. 

THE  DESIGN  OF  SCREW  PROPELLERS: 

With  Special  Reference  to  Their  Adaptation  for  Aircraft.  By 
Henry  C.  Watts.  Lond.  and  IST.  Y.,  Longmans,  Green  and  Co.,  1920. 
340  pp.,  illus.,  charts,  diagrams,  plate,  tab.,  9x6  in.,  cloth.    $8.00. 

During  the  war,  the  author  was  in  charge  of  technical  work  in  connection 
with  propellers  for  aircraft  at  the  Admiralty  and  Air  Ministry  of  Great  Britain, 
and  many  of  the  propellers  used  were  designed  by  him  or  under  his  supeiTision. 
This  volume  records  the  results  of  his  experience.  It  is  intended  as  a  guide  to 
practical  design  and  gives  slight  attention  to  mathematical  theory  of  the  behavior 
of   screw  propellers.     A   chapter  on   the  design   of  windmills   is  included. 

DESIGN   AND   CONSTRUCTION  OF  HEAT   ENGINES. 

By  William  E.  Ninde.  N.  Y.  and  Lond.,  McGraw-Hill  Book  Co., 
Inc.,  1920.    T04  pp.,  illus.,  diagrams,  tab.,  9x6  in.,  cloth.    $6.00. 

The  object  of  this  book  is  to  supply  in  one  volume  the  material  most  essen- 
tial to  the  well-equipped,  independent  designer  of  heat  engines,  and  to  give  this 
material  in  the  form  most  convenient  for  use  in  classroom  and  practical  work  by 
a  separate  treatment  of  the  different  phases  of  the  subject.  The  book  is  the 
outgrowth  of  twenty  years'  experience,  and  a  study  of  the  literature,  drawings, 
and  practical  data.  The  volume  is  confined  to  the  steam  engine,  steam  turbine, 
and  internal  combustion  engine.  Contents :  The  Heat  Engine ;  Thermodynamics ; 
Friction  and  Lubrication;   Power  and  Thrust;   Mechanics;   Machine  Design. 

AMERICAN    MACHINISTS'    HANDBOOK: 

A  Reference  Book  of  Machine  Shop  and  Drawing-Room  Data, 
Methods,  and  Definitions.  By  Fred  H.  Colvin  and  Frank  A.  Stanley. 
Third  Edition.  Thoroughly  Revised  and  Enlarged.  IST.  Y.  and  Lond., 
McGraw-Hill  Book  Co.,  Inc.,  1920.  758  pp.,  illus.,  diagrams,  tab.,  7x4 
in.,  flexible  cloth.    $4.00. 

This  pocket-book  has  been  prepared  to  present  in  convenient  form  such  data 
as  will  be  of  value  to  practical  men  in  the  various  branches  of  machine  work. 
The  present  edition  has  been  thoroughly  revised.  Seventy-seven  pages  have  been 
added  and  much  other  new  material  included  by  the  elimination  of  less  important 
matter   from   the   previous   edition. 
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METALLOGRAPHY: 

Part  I,  Principles  of  Metallography.  By  Samuel  L.  Hoyt.  N.  Y. 
and  Lond.,  McGraw-Hill  Book  Co.,  Inc.,  1920.  256  pp.,  illus.,  diagrams, 
tab.,  9x6  in.,  cloth.    $3.00. 

This  volume,  the  first  of  a  series  of  three  based  on  the  author's  lectures  at  the 
University  of  Minnesota,  deals  with  general  principles  and  with  some  of  the  more 
Important  methods  used  in  general  investigations  in  the  metallographlc  laboratory. 
Future  volumes  will  discuss  the  metallography  of  the  metals  and  alloys  and  the 
applications  of  metallography  to  the  metallurgical  and  engineering  industries. 

MANUAL  OF  CYANIDATION. 

By  E.  M.  Hamilton.  N.  Y.  and  Lond.,  McGraw-Hill  Book  Co., 
Inc.,  1920.    277  pp.,  illus.,  tab.,  7x5  in.,  flexible  cloth.    $3.00. 

The  aim  of  this  book  is  to  provide  in  a  handy  sized  volume  a  compendium 
of  all  the  ascertainable  facts  concerned  with  the  cyanide  process  that  may  have  a 
practical  bearing  on  testing  an  ore,  planning  the  flow  sheet,  and  operating  the 
plant  when  erected.     Purely  theoretical  questions  have  been  left  in  the  background. 

L'OR :  PROSPECTION— QISEMENT-EXTRACTION. 

By  Georges  P.  Proust.  Paris,  Gauthier-Villars  et  Cie,  1920.  319  pp., 
illus.,  9x6  in.,  paper.    10  francs. 

This  work  by  a  French  mining  engineer  is  a  summary  account  of  the  mining 
and  metallurgy  of  gold.  After  an  introductory  chapter  on  mineralogy,  the  author 
treats  of  prospecting  and  testing,  exploitation,  preparatory  treatment,  cyaniding, 
mining  costs,  and  alluvial  mining.  A  chapter  of  advice  on  hygiene  and  diet  for 
residents  in  tropical  lands  is  Included,  and  also  a  mlneralogical  lexicon.  The 
book  is  evidently  intended  for  engineers  engaged  in  the  development  of  new  mines. 

MICROSCOPIC  EXAMINATION  OF  THE  ORE  MINERALS. 

By  W.  Myron  Davy  and  C.  Mason  Farnham.  N.  Y.  and  Lond., 
McGraw-Hill  Book  Co.,  Inc.,  1920.  154  pp.,  illus.,  tab.,  9x6  in.,  cloth. 
$2.50. 

The  authors  present  a  table  for  determining  the  identity  of  ore  minerals  by 
means  of  the  reflecting  microscope  and  micro-chemical  tests,  for  the  use  of 
mineralogists,  geologists,  and  engineers.  In  addition  to  the  table,  instruction  in 
polishing  and  examining  specimens  and  in  photomicrography  is  given,  as  well  as  a 
collection   of  supplementary  tests. 

MINERAL  RESOURCES  OF  ARMENIA  AND  ANATOLIA. 

By  Hagop  A.  Karajian.  IST.  Y.,  Armen  Technical  Book  Co.,  1920. 
211  pp.,  illus.,  maps,  9x6  in.,  cloth.    $3.00. 

This   volume    Is    a    summary  of    the    knowledge    of    the    mineral    resources    and 

the   present    state   of   the   mining  Industry    in   Armenia    and    Anatolia,    accompanied 

by    a    survey    of    the    geology    of  the    region.      A    number    of    sketch    maps    and    a 
bibliography    are    included. 

THE   IRON   HUNTER. 

By  Chase  S.  Osborn.  N.  Y.,  The  Macmillan  Co.,  1919.  316  pp., 
plates,  portraits,  8x5  in.,  cloth.    $2.00. 

Ex-Govemor  Osborn  of  Michigan  has  been  closely  associated  with  the  devel- 
opment of  the  iron  ores  of  the  Northwest  and  of  Canada  from  the  early  "Eighties" 
to  the  present.  It  has  been  his  hobby  to  visit  all  the  commercial  iron  flelds  of 
the  world.  His  autobiography  is  an  interesting,  unconventional  account  of  his 
life  as  a  journalist,  prospector,  and  statesman,  full  of  Information  about  men  and 
affairs   during  the   early   mining  days    in   "Wisconsin    and    Michigan. 
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GRAPHIC    PRODUCTION    CONTROL. 

By  C.  E.  Knoeppel,  Assisted  by  Various  Members  of  the  Author's 

Firm  and  Staff.     N.  Y.,  The  Engineering  Magazine  Co.,  1920.    477  pp., 

illus.,  diagrams,  charts,  9x6  in.,  cloth.    $6.00. 

This  treatise  on  the  use  of  graphic  charts  in  shop  control  is  intended  to 
provide  a  complete  description  of  the  proper  methods  of  making  graphic  charts 
and  of  applying  them  to  industrial  problems.  The  general  principles  of  graphic 
control,  the  preliminaries  of  its  installation,  the  practical  operation  of  the  system, 
etc.,   are   discussed   in   detail. 

THE  ORGANIZATION   OF    INDUSTRIAL    SCIENTIFIC   RESEARCH. 

By  C.  E.  Kenneth  Mees.  N.  Y.  and  Lond.,  McGraw-Hill  Book  Co., 
Inc.,  1920.    175  pp.,  8x6  in.,  cloth.    $2.00. 

TTiis  volume  is  a  contribution  to  the  current  discussion  of  the  relation  of 
scientific  research  to  industry.  The  author  is  concerned  with  a  study  of  the 
best  methods  of  organizing  research  work  for  industrial  purposes  and  of  the  con- 
ditions under  which  such  work  should  be  conducted,  and  has  made  an  effort  to 
give  definite  suggestions  on  these  points.  The  book  is  intended  for  those  who 
plan  to  undertake  research  work  rather  than  as  an  exposition  of  its  theoretical 
advantages.  Contents  :  Types  of  Research  Laboratories  ;  Co-operative  Laboratories  ; 
Position  of  the  Research  Laboratory  in  an  Industrial  Organization  ;  Internal 
Organization  of  Industrial  Research  Laboratories  ;  Staff  of  a  Research  Laboratory  ; 
Building  and  Equipment  of  the  Laboratory ;  Direction  of  the  Work  ;  Design  of  a 
Research   Laboratory  for  a   Specific  Industry. 

STATISTICS   IN   BUSINESS: 

Their  Analysis,  Charting,  and  Use.  By  Horace  Secrist.  N.  Y.  and 
Lond.,  McGraw-Hill  Book  Co.,  Inc.,  1920.  137  pp.,  illus.,  diagrams, 
maps,  tab.,  8x6  in.,  cloth.    $1.75. 

This  volume  has  been  prepared  to  serve  as  a  handbook  for  executives  in  the 
application  of  business  statistics  to  problems  which  arise.  It  aims  to  present 
briefly  and  concretely  the  reasons  why  statistics  should  be  used  in  business  analysis 
and  to  illustrate  how  and  with  what  effect  they  may  be  applied  to  the  solution  of 
business  problems.  The  discussion  is  of  a  practical  nature.  Especial  attention 
is  given  to  the  use  of  charts  and  graphs.  Examples  of  good  and  bad  usage  are 
given. 

INTRODUCTION    TO    GENERAL    CHEMISTRY. 

By  Herbert  N.  McCoy  and  Ethel  M.  Terry.  Second  Edition.  N.  Y. 
and  Lond.,  McGraw-Hill  Book  Co.,  Inc.,  1920.  648  pp.,  illus.,  9x6  in., 
cloth.    $3.00. 

This  text-book  is  intended  as  an  introduction  to  general  chemistry  for  use 
by  college  freshmen  and  is  based  on  the  course  in  the  University  of  Chicago.  The 
aim  has  been  to  present  a  continuous,  connected  story  in  teachable  form,  without 
unnecessarily  extensive  descriptive  and  numerical  data.  In  this  edition  mis- 
prints have  been  corrected  and  a  chapter  on   metallurgy  has  been  added. 

AMERICAN   CIVIL   ENGINEERS'   HANDBOOK. 

Editor-in-Chief,  Mansfield  Merriman.  Fourth  Edition.  N.  Y.,  John 
Wiley  &  Sons,  Inc. ;  Lond.,  Chapman  &  Hall,  Ltd.,  1920.  1955  pp.,  tab., 
7x4  in.,  flexible  cloth.    $6.00. 

The  fourth  edition  of  this  well-known  reference  work  follows  the  plan  of  the 
previous  editions  and  is  the  achievement  of  a  board  of  eighteen  associate  editors, 
under  the  direction  of  Prof.  Merriman.  The  volume  has  been  thoroughly  revised, 
a  collection  of  mathematical  tables  included,  and  new  sections  on  electric  railways, 
irrigation,  and  drainage  have  been  added.  Nearly  400  pages  have  been  added  to  the 
work.  Because  of  the  comprehensiveness  of  the  book,  It  has  been  entitled  a 
"Handbook"   Instead   of,   as  formerly,   a  "Pocket  Book". 
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WHITE'LEAD:    ITS   USE    IN    PAINT. 

By  Alvah  Horton  Sabin.  N.  Y.,  John  Wiley  &  Sons,  Inc. ;  Lond., 
Chapman  &  Hall,  Ltd.,  1920.    133  pp.,  tab.,  8x5  in.,  cloth.    $1.25. 

In  his  small  work  Dr.  Sabin  has  provided  a  brief,  non-technical  account  of 
the  subject  for  the  instruction  and  guidance  of  those  whose  need  and  use  of 
white  lead  prompts  them  to  seek  knowledge  about  it  of  a  simple  but  reliable 
sort.  The  various  methods  of  making  white  lead  are  given,  together  with  the 
properties  of  the  usual  substitutes,  methods  of  mixing  paint  for  different  pur- 
poses,   etc. 

DAVISON'S    SILK    TRADE: 

A  Directory  of  the  Silk  Manufacturers  of  the  United  States  and 
Canada  including  Silk  Dyers,  Finishers,  and  Printers,  Manufacturers' 
Agents,  City  Offices  and  Salesrooms  of  Silk  Mills,  Dealers  in  Raw, 
Thrown,  Spun  and  Artificial  Silk,  Waste,  Cotton,  Tinsel  and  Worsted 
Yarns.  Twenty-fifth  Annual  Edition.  N.  Y.,  Davison  Publishing  Co., 
1920.     782  pp.,  7x5  in.,  flexible  cloth,  pocket  edition.     $3.00. 

The  scope  of  this  directory  is  fully  shown  by  the  title.  The  directory  of 
manufacturers  appears  in  three  sections,  classified  alphabetically,  geographically, 
and  by  the  kind  of  goods  made.  The  other  sections  are  arranged  geographically  or 
alphabetically,  as  seems  more  expedient.  The  volume  is  of  pocket  size  and  pro- 
vided   with    a   marginal    index. 

HENDRICKS'    COMMERCIAL    REGISTER   OF   THE   UNITED    STATES 

For  Buyers  and  Sellers.  Twenty-eighth  Annual  Edition.  N.  Y., 
S.  E.  Hendricks  Co.,  Inc.,  1919-20.    2541  pp.,  10  x  8  in.,  cloth.    $12.50. 

This  new  edition,  like  its  predecessors,  is  devoted  to  the  electrical,  engi- 
neering, hardware,  iron,  mechanical,  mill,  mining,  architectural,  quarrying,  chem- 
ical, railroad,  steel,  contracting  and  kindred  trades.  The  firms  included  are  listed 
alphabetically  and  by  products.  A  subject  index  and  an  index  of  trade  names  are 
also    included. 

THOMAS'    REGISTER    OF    AMERICAN    MANUFACTURERS 

And  First  Hands  in  All  Lines.  Eleventh  Edition.  N.  Y.,  Thomas 
Publishing  Co.,  1920.     12  x  9  in.,  cloth.    $15.00. 

The  eleventh  edition  of  this  widely  known  directory  has  been  revised  ana 
enlarged  to  the  size  of  4  500  pages.  It  covers  manufacturers  and  dealers  in  all 
classes  of  materials,  and  contains  a  classified  list  of  manufacturers  with  indica- 
tions of  their  approximate  ratings,  an  alphabetical  list  of  the  more  important  firm 
names,  and  a  list  of  brand  or  trade  names  of  manufactured  articles.  Contents : 
Finding  List  and  Index  ;  Lists  of  Manufacturers  Classified  According  to  Business ; 
Manufacturers  of  the  United  States  Arranged  Alphabetically  ;  Leading  Trade 
Names,  Brands,  etc.  ;  Banks,  Boards  of  Trade  and  other  Commercial  Organiza- 
tions ;  Leading  Trade  Papers  ;  Manufacturers'  Representatives  ;  Export  and  Import 
Houses ;  Steamship  Lines  and  Forwarding  Agents,  Banks,  etc.  ;  Overseas  Importers, 
Merchants,  etc. 
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MEMBERSHIP 

(From  March  otli  to  April  5th,  1920) 

ADDITIONS 

MEMBERS  Date  of 

Membership. 
Adams,  William  Henky.     Cons.  Engr.;  Chair- ^ 

man,  Inland  Waterways  Committee,  De-  i     Assoc.  M.     April     2,   1912 

troit  Board  of  Commerce,  Vinton  Bldg.,   f    M.  Jan.     20,  1920 

Detroit,    Mich J 

Allen,   Eugene   Yorke.     Valuation    Enor.,    C.  ~) 

T3T3       e-t.Tr  1    r,     0    T^     T^        -,.»   {    Assoc.  M.     Dec.       6,   1905 

R.   R.   of   N.   J.   and   P.   &   R.   Ry.,    143   V  ,,  ,,  ' 

T .,      ,      e+     -vr        A^-     1     r.i  \    M:.  Mar.      9,   1920 

Liberty  St.,  New  \ork  City )  ' 

Benedict,  Harold  Willoughby.     Asst.  Engr.,  ~)     . 

Dept.    of    State    Engr.,    292    Fifth    Ave.,   [  t^"'  .T'       I'  ]lll 

Troy,  N.  Y .: )    ^'-  ^'^''      »'  ^^^^ 

BiLYEU,   Charles   Smith.     Asst.  to  Pres.  and  \   Jun.  Dec.       1,  1908 

Structural  Engr.,  Gulick- Henderson  Co.,    C  Assoc.  M.     Dec.     31,  1913 
Herald  Square  Bldg.,  New  York  City..    )   M.  Jan.     20,  1920 

Blackburn,  Thomas  Brogden.     722  Bixel  St.,  Los  Angeles, 

Cal Oct.      14,  1919 

Chenery,     Christopher     Tompkins.       McLachlen     Bldg., 

Washington,  D.  C Mar.      9,   1920 

Clark,    Elmer    White.     Asst.    Engr.,    Chf.    Engr.'s    Dept., 

P.  R.  R.,  1155  Liberty  Ave.,  Pittsburgh,  Pa Mar.      9,  1920 

Ferguson,  John  William.  Dist.  Plant  Engr.,  Oregon  Dist., 
U.  S.  Shipping  Board,  Emergency  Fleet  Corporation. 
537  Northwestern  Bank  Bldg.,  Portland,  Ore Mar.      9,  1920 

Hagerman,   Henry   Lehmberg.     With   J.    E.    Sirrine,    Box 

1221,   Greenville,   S.   C Mar.      9,   1920 

Hale,  Hugh  Ellmaker.  Engr.,  Eastern  Group,  President's 
Conference  Committee,  Federal  Valuation  of  the  Rail- 
roads in  the  United  States,  32  Nassau  St.,  New  York 
City Mar.      9,  1920 

Holland,    Howard    Kingsbury'.     Cons.    Engr.  \    Jun.  June      1,  1909 

(Holland,   Ackerman   &   Holland),   Law-  '    Assoc.  M.     Oct.      29,  1912 

rence  Bldg.,   Ann   Arbor,  Mich )    M.  Mar.      9,  1920 

Holmes,  Hugh  Browning.     Prin.  Asst.  Engr.,  )  ot    miT 

'  I    Assoc.  M.     Nov.     27,  1917 

Coverdale  &  Colpitis,  6(5  Broadway,  New  I  M    •       9    19-^0 

York    City ) 

HowsoN,    Elmer    Thomas.     Western    Editor,^ 

Railway  Age;  Editor,   Railway   Mainte-  •    Assoc.  M.     May     28,  1912 

nance     Engineer,      750      Transportation  [    M.  Mar.      9,  1920 

Bldg.,    Chicago,    111 j 

Klyce,    Battle    Hargrove.      (Klyce    &    Kack-  \    ^^^^^    ^^      j^^^    3^^  ^^^^ 

ley),    721    Fourth    and    First    National  V  ^    j^^o 

Bank  Bldg.,  Nashville,  Tenn )        ' 
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MEMBERS     ( Continued )  Date  of 

Membership. 

Kneedler,  David  Henry  Lane.  In  C'lig.,  Reinforced  Con- 
crete Dept.,  Cramp  &  Co.,  801  Denckla  Bldg.,  Phila- 
delphia,  Pa Mar.  9,  1920 

Larsen,    Albert.      Div.    Engr.,    Miami     Con-  i    Assoc.  M.  Aug.  31,  1915 

servancy  Dist.,  Dayton,  Ohio ^   M.  Mar.  9,  1920 

Leigh,  Word.  Care,  Gaston,  Williams  &  Wigmore,  Shang- 
hai, China Jan.     19,  1920 

MACKENZIE      LEON     RODERICK       Cons.     Engr.,  ^    ^^^^^    ^  ^^^^ 

Southern  Surety  Co.,  8  h  Floor,  Register  i  ^  J^.  ^^^^ 

&  Tribune  Bldg.,  Des  Moines,  Iowa ^ 

McMillan,  Franklin  R.     Care,  Turner  Constr.   j    Assoc.  M.  Sept.  11,  1917 

Co.,  244  Madison  Ave.,  New  York  City.  .    j"   M.  Mar.  9,  1920 

Matsumoto,  Torato.     Care,  Public  Works  Dept.,  Keelung, 

Formosa,    Japan Sept.  9,  1919 

Melick,  Neal  Albert.     Chf.  Engr.,  Submarine  ^    Jun.  Dec.  2,  1902 

Boat     Corporation     (Res.,     484     Clifton  C  Assoc.  M.  July  9,   1906 

Ave.),  Newark,  N.  J )    M.  Mar.  9,  1920 

^                        T    .    ,       ,    )    Jun.  Sept.  4,   1906 

Mendenhall,  Herbert  Drummond.     Lakeland,  f     .            ,^  ^  ,  „    ,„,„ 

'                                                                   V   Assoc.  M.  July  9,  1912 

)    M.  Mar.  9,   1920 

Newcomb,  William  Taft.     Engr.,  Amies  Road   )    Assoc.  M.  Feb.  6,  1912 

Co.,  710  Drake  Bldg.,  Easton,  Pa )    M.  Mar.  9,  1920 

Pyle,  Fred  Dale.     Project  Mgr.,  Uncompahgre  ^     .            -^      ^  ,-,    ,r.i^ 

J           &    '              r     &       1    ji^ggoc.  M.  Jan.  17,  1916 

Valley  Project.  U.  S.  Reclamation  Serv-    ^  ^  ^^^^  ^ 

ice,  718  North  6th  St.,  Montrose,  Colo.  .    )       '                         *  ' 

Randolph,  Robert  Isham.     Secy,  and  Treas.,  ^    Jun.  July  1,  1909 

Isham     Randolph     &     Co.,     208     South   V  Assoc.  M.  Nov.  1,  1910 

La  Salle  St.,  Room  1133,  Chicago,  111...    )    M.                  Mar.  9,  1920 

r.       ,       -D  ■,         ^           ^    Jun.  Jan.  4,   1910 

Richards,    Arthur.      County     Bridge     Engr.,  f     .           ^^     a     .  r.    ir.., 

r,        4.     ^                .    r^«:       r.  1       i         ni,-        ^    ^ssoc.   M.      Sept.  2,   1914 

County  Surveyor's  Office,  Columbus,  Ohio.  ^    ^                  ^^^  ^^  ^^^q 

Ruggles,  Arthur  Valentine.    Engr.  of  Constr.  ~)     .           ,t      »     .,  «rv    ,^,r. 

'                         ^Tj  .        T^     f     r.i       1      ^    C   Assoc.  M.     April  30,  1912 

and    Surveys,    Water    Dept.,    Cleveland,   >   ^                   ^^^^^  ^    ^^^o 

Ohio .  .    )        "                          '  ' 

Ruggles,     Charles     Herman.     Cons.     Engr.;    \ 

Chf.  Engr.,  Palm  Beach  &  Gulf  Constr.    [  ^                   t  o    loon 

^                                                               Cm.                   Mar.  9,  1920 

Co.,  West  Palm  Beach,  Fla ) 

Sackett,   Arthur  Johnson.     Care,   Mason   &  ]    Jun.              Mar.  1,  1904 

Hanger    Co.,    52    Vanderbilt    Ave.,    New    >•  Assoc.  M.     Nov.  4,  1914 

York    City )   M.                  Mar.  9,  1920 

Schindler,  Andrew  D.     Vice-Pres.  and  Gen.  Mgr.,  Kings 
County    Development    Co.,    805    Insurance    Exchange 

Bldg.,  San  Francisco,  Cal Mar.  9,  1920 

Schmitt,    Frederick    E.      Associate    Editor,    Engineering 
News-Record,  10th  Ave.  and  36th  St.,  New  York  City 

(Res.,  22  Carteret  St.,  Montclair,  N.  J.) Mar.  9,  1920 


April,  1920.]                         MEMBERSHIP — ADDITIONS  433 

MEMBERS   {Continued)  Date  of 

Membership. 

ScHUTT   Alfred  George.    Architectural  Engr.;    )    Assoc.  M.  Sept.  2,  1914 

Res.,  764  Virginia  Park,  Detroit,  Mich,    j"   M.  Mar.  9,  1920 

n          t:^           l^^    )    J""-  ^^b.  2,   1897 

Swindells,  Joseph  Springer.     Cons.  Engr.,  Ill    /    ,           ,t  ,,  r.    ^^,nA 

'                                                    ,  ^'           I   Assoc.  M.  Mar.  2,  1904 

Broadway,  Room  1110,  New  York  City..    (     ,,  t.t  r.    mnr. 

*"                       '                             "^        J    M.  Mar.  9,  1920 

Tracy,  John  Clayton.  Prof.,  Civ.  Eng.,  and  Head,  Dept.  of 
Civ.  Eng.,  Yale  Univ.;  Cons.  Engr.;  Director,  New 
Haven   Chamber   of   Commerce,    345    Winthrop    Ave., 

New  Haven,  Conn Mar.  9,  1920 

Wells,   Francis   Spinner.     25   Fairview  Terrace,   Maiden, 

Mass Mar.  9,   1920 

^      ,  .         ^.1   Jun.  Oct.  31,  1905 

Whitsit,  Lyle  Antrim.     22bi/2  Peachtree  St.,  /     ,           -.  ^     .  ^    irv-ir. 

'  '"^  y  Assoc.  M.  Sept.      6,  1910 

Atlanta,   Ga J    ^^  ^^^  ^^  ^^20 

Willis,  Thomas  Leroy.     City  Engr.,  Room  21,  City  Hall, 

New   Orleans,  La Mar.  9,  1920 


associate   members 

Anschuetz,    Otto    William    Julius.      With  ^    ^ 

E.  B.  Fay   (Res.,  3614  Arsenal  St.),  St.  (  '^,"°-      ,,      f/^       f'  ^H 
^      .     ,,  (  Assoc.  M.     Mar,      9,  1920 

Louis,  Mo ) 

Atwater,  Albert  Worthington.  Engr.,  Arthur  G.  McKee 
&  Co.,  2422  Euclid  Ave.  (Res.,  1464  Cordova  Ave., 
Lakewood) ,  Cleveland,  Ohio Sept.      9,  1919 

Bachman,  Howard  Fink.  Chf.  of  Material  and  Stores, 
Bethlehem  Steel  Co.,  802  West  Broad  St.,  Beth- 
lehem,   Pa Nov.     25,   1919 

Bernard,  Merrill  Monfort.     City  Engr.,  Crowley,  La Mar.      9,  1920 

BiRNER,  Isador  Leon.     Chf.  Engr.  and  Technical  Mgr.,  The 

Refinite  Co.,  Refinite  Bldg.,  Omaha,  Nebr Mar.      9,  1920 

Bond,  Arthur  Hazard.     Res.  Engr.,  Monks  &  Johnson,  99 

Cbauncy  St.,  Boston,  Mass Mar.      9,  1920 

Brown,  Percy  Dalles.     Asst.  Engr.,  P.  R.  R.,  Broad  St. 

Station,  P.  R.  R.,  Philadelphia,  Pa Mar.      9,  1920 

Bruton,  Philip  Gilstrap.     2d  Lieut.,  A.  S.  A.  ^ 

(P.),  U.  S.  A.,  Bureau  of  Aircraft  Pro-  <     Jun.  Sept.    10,  1918 

duction,    2050    Elmwood    Ave.,    Buffalo,  [    Assoc.  M.     Mar.      9,   1920 
N.   Y J 

Callan,   John   Albert    Charlton.     1305    West    22d    St., 

Austin,   Tex Mar.      9,  1920 

Cameron,  Donald  Eugene  Ames.  Archt.  and  Engr.  (Rob- 
inette-Bruyere-Cameron),  755  Spitzer  Bldg.  (Res., 
1025  Grand  Ave.),  Toledo,  Ohio Mar.      9,  1920 

Carey,  George  Joseph  Francis.  Care,  Compania  Trans- 
marina  de  Cuba,  Matanzas,  Cuba Jan.     19,  1920 
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ASSOCIATE   MEMBERS    (Continued)  Date  of 

Membership. 

CoNSOER,    Arthur    William.     (Consoer    Eng.    Co.),    1657 

Monadnock  BIk.,  Chicago,  111 Mar.      9,  1920 

CoYKENDALL,  CLAUDE  CARLISLE.  Engr.,  Road  Management, 
Iowa  State  Highway  Comm.,  808  Park  Ave.,  Ames, 
Iowa Mar.      9,   1920 

Du  Bois,  Francis  Wheelock.     232  Elmhurst  Ave.,  Detroit, 

Mich Oct.      14,  1919 

Du    BosE,    Frank    Fitzpatrick.     With    Potts    &    Prentice, 

1410  Amicable  Bldg.,  Waco,  Tex Mar,      9,  1920 

Elton,  Richard  Leech.  Constr.  Engr.  and  Supt.,  Builders 
Material  Supply  Co.,  3330  Tracy  Ave.,  Kansas  City, 
Mo Mar,      9,  1920 

Emerson,  Lewis  Azro.      (Tomlinson  Eng.  Co.),  1002  Loan 

and  Exchange  Bldg.,  Columbia,  S.  C Mar.      9,  1920 

Faris,  Orville  Alva.     Box  497,  Boise,  Idaho Mar.      9,  1920 

Geraghty,  Leo  Matthew.     42  Piichard  Ave.,  West  Somer- 

ville,  Mass Oct.      14,  1919 

Goodwin,  Albert  Edward.     505  Hill  St.,  Sewickley,  Pa.  .  .  .      Mar.      9,  1920 

Hammill,  Harold  Bernard.     2032  Parker  St.,  1    Jun.  April     2,  1913 

Berkeley,   Cal \    Assoc.  M.     Mar.      9,  1920 

Harbaugh,   Ross   Anderson.     Estimate   Engr.,   Pittsburgh 

Filter  &  Eng.  Co.,  202  West  3d  St.,  Oil  City,  Pa Mar.      9,  1920 

Harris,  John  Kellar.  (Harris  &  Cole),  401  South  Oak- 
land Ave.,  Sharon,  Pa Mar.      9.   1920 

Hewett,  Maurice  William.     Eng.  Contr.,  Wil 


,  Jun.  Sept.      2 

liam  S.  Hewett,  530  Metropolitan  Bank   I  .  ,r  ^.r 

^  f  Assoc.  M.  Mar.      9 

Bldg.,  Minneapolis,  Minn J 

Hogg,   James    Oliver,   Jr.     Estimator,    Collins    Bros.,    536 

Rialto  Bldg.,  Kansas  City,  Mo Mar.      9 

Hurley,  John  James.     Branch  Mgr.,  Truscon  "»  ^  .      .,   ,„ 

.    ^         ^, ,       r  Jun.  April  16 

Steel  Co.,  Room  902,  Mutual  Home  Bldg..  V  ,  _^      ,/ 

'                                                     *'     (  Assoc.  M.     Mar.      9 

Dayton,    Ohio j 

Jahn,  Nicholas  Firth.     Contr.  (Jahn  &  Bressi),  710  New 

York  Bldg.,  Seattle,  Wash Mar.      9 

Jones,  Owen  Robert.     520  West  131st  St.,  New  York  City.     Nov.    25 

Jowers,    Giles    Matthew.      Special    Engr.,    International 

Boundary  Comm.,  Box  1106,  Del  Rio,  Tex Mar.      9 

Layer,  Hugo.      (The  Shannon  Constr,  Co.),  1351  South  Main 

St.,  Akron,  Ohio Jan.     19 

Lowe,  Herbert  Edward.  Engr.,  Emergency  Fleet  Corpora- 
tion, 960  Ventura  Ave.,  Berkeley,  Cal Jan.     19 

McAvoY,  James  Patrick.  Asst.  Engr.,  Valuation  Dept., 
The  Delaware  &  Hudson  Co.,  Room  1003,  Delaware 
&  Hudson  Bldg.,  Albany,  N.  Y Mar.      9 


1914 
1920 

1920 

1918 
1920 

1920 
1919 

1920 

1920 

1920 

1920 


9, 

1920 

6, 

1915 

9, 

1920 

9, 

1920 

9, 

1920 
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ASSOCIATE   MEMBERS    {Continued)  Date  of 

Membership. 

McNear,  George  Plummer,  Jr.     Care,  Guaranty  Trust  Co. 

of  New  York,  140  Broadway,  New  York  City Mar.      9,   1920 

Martius,   Frederick  Traugott.     Engr.   in   Chg.   of   Dept., 

Fuel  Oil  Storage  System,  National  Boiler  Washing 

Co.,  Railway  Exchange,  Chicago,  111 Mar. 

MooNE,    Melvin    Lyman.      Asst.    City    Engr.,  )    Jun.  Jan. 

City  Engr.'s  Office,  Lansing,  Mich ^    Assoc.  M.     Mar. 

MoRSS,  Foster  Gilbert.     606  News  Bldg.,  Salt  Lake  City, 

Utah Mar. 

NoiCE,  Blaine.     5436  Carlton  Way,  Los  Angeles,  Cal Mar. 

Norton,   James   William.     County   Road   Engr.,   Nicholas 

County,  101  East  Chestnut  St.,  Carlisle,  Ky Mar.      9,  1920 

Nygken.   Frank  Harry.     Chf.   Engr.,   A.   E.  Norton,   Inc., 

105  West  40th  St.,  New  York  City  (Res.,  1803  Ave.  Q, 

Brooklyn,  N.  Y.) Mar.      9,  1920 

Ogden,   Chester  White.     507   West  End  Ave.,  New  York 

City Mar.      9,  1920 

Opper,   George  Lionel.     Asst.   Engr.,  Marr,   Green   &   Co., 

464  South  Harrison  St.,  Kankakee,   111 Jan.     19,1920 

Orr,    George.     Asst.   Engr.,   Eng.   Dept.,    City   of   Atlantic 

City,  City  Hall,  Atlantic  City,  N.  J Mar.      9,1920 

Reynolds,    Frank    Louis.     Vice-Pres.,     Fox,  -\    ^^^^^  ^^^     2^^  ^^^g 

Reynolds   Co.,   Inc.,    81    East    125th    St.,   ^   ^^^^^    ^      ^^^^       g    ^920 

New  York    City ) 

Reynolds,   Ralph   Whitney.     292    St.    John's  )   Jun.  Nov.    28,  1916 

PI.,  Apartment  50,  Brooklyn,  N.  Y \  Assoc.  M.     Mar.      9,  1920 

Roberts,  Harry  Norman.     Cons.  Engr.,  City  of  Longview, 

and   Cons.   Engr.,   City   of   Henderson,   Box   9,   Long- 
view,  Tex Mar.      9,  1920 

Saigh,  Nicholas  A.     Care,  Const.  Q.  M.,  Camp  Travis,  San 

Antonio,    Tex Mar.      9,   1920 

Semon,  Edward  Goodrich.     Asst.   Engr.,  William  Russell 

Davis,  563  Third  St.,  Albany,  N.  Y Mar.      9,1920 

Seran,  Harry  A.     Care,  U.  S.  Coast  and  Geodetic  Survey, 

Washington,  D.  C Mar.      9,   1920 

Shea,  Chelius  Hazel.     Asst.  Div.  Engr.,  The  ^    j^^  April     2    1912 

Miami  Conservancy  Dist.,  R.  R.  4,  Piqua,   C   ^^^'^    ^      ^^^^       ^^  ^^20 

Ohio ) 

Shurgar,  Will  Gerald.     Cons.  Engr.,  Box  611,  Meridian, 

Miss Mar.      9,  1920 

Tews,  Frank  Charles.    Care,  Colfax,  Hotel  Colfax,  Colfax, 

Wash Mar.      9,  1920 

Thomassen,  Victor  Gifford.     Res.  Engr.,  U.  S.  Steel  Prod- 
ucts Co.,  11  rue  Edouard  VII,  Paris,  France Jan.     19,  1920 

Waldo,    Willis    Gersham.      230    Vine    St.,    Chattanooga, 

Tenn Mar.      9,   1920 
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ASSOCIATE   MEMBERS     (Continued)  Date  of 

Membership. 

Whitney,  Charles  Smith.     Chf.  Engr.,  A.  C.  ^    .  j.  _    ,„,. 

Eschweiler,    720    Goldsmith    Bldg.,    Mil-   V     .      '      ,4-      ,;r    "       „'  ,^00. 
'  (    Assoc.  M.     Mar.      9,  1920 

waukee,    Wis ) 

WoHLFELD,  Nathan.     1910  Commerce  St.,  Dallas,  Tex Mar.      9,  1920 

Wolcott,  Lester  Oren.     Civ.  and  Hydr.  Engr.,  San  Joaquin 

Light  &   Power   Corporation    (Res.,   1560  Van   Ness 

Ave.) ,   Fresno,   Cal Mar.      9,  1920 

Wykkel,  Leo  John.     Asst.  Engr.,  Kalamazoo  County  Road 

Comm.,  510  Walnut  Court,  Kalamazoo,  Mich Jan.     19,  1920 

associates 
Thorp,   John   Notman,   Jr.     631   East  22d   St.,   Paterson, 

N.  J Mar.      9,  1920 

juniors 

Bedell,  Floyd  Carson.     U.  S.  Junior  Engr.,  U.  S.  Engr. 

Office,  39  Whitehall  St.,  Room  710,  New  York  City..     Jan.     19,  1920 

Blundon,  Joseph  Paul.  County  Engr.,  Boone  County  High- 
way Dept..  Madison.  W.  Va Oct.      14.  1919 

Elleman,    John   Hawkins.     The    Engineer    School,    Camp 

A.  A.  Humphreys,  Va Jan.     19,  1920 

Haertlein,    Albert.     Instr.    in    Civ.    Eng.,    Harvard    Eng. 

School,  309  Pierce  Hall,  Cambridge,  Mass Mar.      9,  1920 

Habtline,  William  Raymond.     With  The  Texas  Co.,  916 

Texas  Co.  Bldg.,  Houston,  Tex Jan.     19,  1920 

HsuEH,    Cho-Pin.     Care,    C.    Y.    Hou,    125    Dryden    Rd., 

Ithaca,  N.  Y Mar.      9,  1920 

Kaiser,  William  Martin.  Traffic  Mgr.,  Grant  Smith  Por- 
ter Ship  Co.,  695  Weidler  St.,  Portland,  Ore Jan.     19,  1920 

NoRDGREN,    George    Alvin.     8023    Sangamon    St.,    Chicago, 

111 Mar      9,  1920 

Olson,  Luther  Emanuel.     Supt.   of   Constr.,  A.  A.   Lane 

Constr.  Co.,  1297  Jackson  Ave.,  Lakewood,  Ohio Nov.    25,  1919 

Schilling,  Frank  Martin.     McHenry  House,  Bloomsburg, 

Pa Mar.      9,1920 

Speir,  Oswald,  Jr.     Chf.  of  Party,  San  Joaquin  Light  & 

Power  Corporation,  Fresno,  Cal Oct.      14,  1919 


DEATHS 

Atwood,  John  Ablel.     Elected  Member,  January   3d,   1900;   died  February 

29th,  1920. 
BuRBANK,  George  Barker.     Elected  Member,  July  4th,  1888;  died  February 

29th,  1920. 
Hansen,    Andrew    Christian.     Elected   Member,    October    4th,    1910;    died 

February  9th,  1920. 
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Hatch,  Frederick  Thomas.  Elected  Member,  December  4th,  1889;  died 
March   9th,    1920. 

Hazlehubst,  George  Blagden.  Elected  Member,  February  1st,  1888;  died 
May  27th,  1919. 

NoRCROSS,  Orlando  Whitney.  Elected  Member,  October  31st,  1911;  died 
February  27th,  1920. 

Parsons,  George  Wellman.  Elected  Associate,  September  3d,  1884;  died 
August  15th,  1919. 

Raymond,  Alfred.  Elected  Member,  September  6th,  1910;  died  January 
13th,  1920. 

Thompson,  Ellis  Dunn.  Elected  Member,  February  1st,  1899;  died  Feb- 
ruary 9th,  1920. 


Total  Membership  of  the  Society,  April  5th,  1920, 
9   441. 
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MONTHLY  LIST  OF  RECENT  ENGINEERING  ARTICLES  OF 

INTEREST 

(March  1st  to  April  1st,  1920) 

Note. — This  list  is  p^iblished  for  the  purpose  of  placing  "before  the 

members  of  this  Society  the  titles  of  current  engineering  articles,  which 

can   he  referred  to   in  any  available   engineering   library,   or  can   be 

procured  by  addressing  the  publication  directly,  the  address  and  price 

being  given  wherever  possible. 

LIST    OF    PUBLICATIONS 

In  the  subjoined  list  of  articles,  references  are  given  by  the  number 
prefixed  to  each  journal  in  this  list  : 


(2 
(3 
(4 
(5 

(6 
(7 
(8 
(9 
(II 

(12 

(13 

(15 
(16 

(17 

(18 
(19 

(20 

(21 

(22 
(24 
(25 
(26 
(27 
(28 
(29 
(32 


(33 
(36 
(40 


Journal,  Engrs.  Club  of  Phila., 
Philadelphia,  Pa. 

Journal,  Franklin  Inst.,  Philadel- 
phia, Pa.,   50c. 

Journal,  Western  Soc.  of  Engrs., 
Chicago,   111.,  50c. 

Journal,  Eng.  Inst,  of  Canada,  Mon- 
treal, Que.,  Canada. 

Journal,  Am.  Inst,  of  Archts.,  Wash- 
ington, D.  C,  50c. 

Gesundheits  Ingenicur,  Munich, 
Germany. 

Stevens  Indicator,  Hoboken,  N.  J., 
50c. 

Industrial  Management,  New  York 
City,   25c. 

Engineering  (London) ,  W.  H.  Wiley, 
432  Fourth  Ave.,  New  York  City, 
25c. 

The  Engineer  (London),  Inter- 
national News  Co.,  New  York 
City,  35c. 

Engineering  News-Record,  New  York 
City,  15c. 

Railway  Age,  New  York  City,   15c. 

Engineering  and  Mining  Journal, 
New  York  City,   15c. 

Electric  Railway  Journal,  New 
York  City,   10c. 

Railway  Review,  Chicago,   111.,   15c. 

Scientific  American  Monthly,  New 
York   City,    10c. 

Iron   Age,    New    York   City,    20c. 

Railway  Engineer,  London,  Eng- 
land,   Is.    2d. 

Iron  and  Coal  Trades  Review,  Lon- 
don,   England,    6d. 

American  Gas  Engineering  Journal, 
New  York  City,  10c. 

Railway  Mechanical  Engineer,  New 
York   City,    20c. 

Electrical  Review,  London,  Eng- 
land,   4d. 

Electrical  World,  New  York  City, 
10c. 

Journal,  New  England  Water- 
Works  Assoc,   Boston,   Mass.,   $1. 

Journal,  Royal  Soc.  of  Arts,  Lon- 
don, England,  6d. 

Memoires  et  Connpfe  Rendu  des 
Travaux,  Soc.  Ing.  Civ.  de 
France,   Paris,    France. 

Le  Genie  Civil.  Paris,  France,   1  fr. 

Cornell  Civil  Engineer,  Ithaca,  N.  Y. 

Zentralblatt  der  Bauverwaltung, 
Berlin,  Germany,   60  pfg. 


(41 )  Elektrotechnische  Zeitschrift,  Berlin, 

Germany. 

(42)  Journal,     Am.     Inst.     Elec.     Engrs., 

New   York   City,    $1. 

(43)  Annales    des    Fonts    et    Chaussees, 

Paris,    France. 

(45)  Coal  Age,   New   York   City,   15c. 

(46)  Scientific  American,  New  York  City, 

15c. 

(47)  Meclumical    Engineer,    Manchester. 

England,    3d. 

(48)  Zeitschrift,    Verein     Deutscher    In- 

genieure,     Berlin,     Germany,     1, 
60    m. 

(49)  Zeitschrift    fiir    Bauwesen,    Berlin, 

Germany. 

(50)  Stahl   und   Eisen,    Diisseldorf,    Ger- 

many. 
(53)    Zeitschrift,      Oesterreichischer      In- 

genieur    und    Architekten-Verein, 

Vienna,  Austria,  70h. 
t54)    Transactions,   Am.    Soc.   C.   E.,   New 

York   City,   $16. 

(55)  Mechanical    Engineering:    Journal, 

Am.   Soc.   M.   E.,   New  York  City, 
35c. 

(56)  Transactions,    Am.    Inst.    Min.    and 

Metallurgical    Engrs.,    New    York 
City,   $6. 

(57)  Colliery     Chiardian,     London,     Eng- 

land,  5d. 

(58)  Proceed inas,  Engrs.'  Soc.  of  W.  Pa., 

2511     Oliver     Bldg.,     Pittsburgh. 
Pa.,    50c. 

(59)  Proceedings,  American  Waterworks 

Assoc,  Troy,  N.  Y. 

(60)  Municipal  and  County  Engineering, 

Indianapolis.   Ind.,   25c. 

(61)  Proceedings.  Western  Railway  Club, 

225    Dearborn    St.,    Chicago,    111., 
25c 

(62)  American  Drop  Fonier,  Thaw  Bldg., 

Pittsburgh,    Pa.,    lOc. 

(63)  Minutes  of  Proceedings,  Inst.  C.  E., 

London,    England. 

(64)  Power.   New  York  City,   10c. 

(65)  Official  Proceedinos.  New  York  Rail- 

road Club,   Brooklyn,    N.   Y.,   15c. 

(66)  Gas  Journal.   London,    England,    6d. 

(67)  Cement  and  Engineering  News,  Chi- 

cago,   111.,    25c. 

(69)    Eiscnbau,   Leipzig,   Germany. 

(71)  Journal,  Iron  and  Steel  Inst.,  Lon- 
don,  England. 

(71a)  Carnegie  Scholarship  Memoirs,  Iron 
and  Steel  Inst.,  London,  England. 
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(72) 

(73) 
(75) 

(77) 

(78) 

(80) 

(83) 
(85) 

(86) 

(87) 

(88) 

(89) 
(90) 
l9I) 

(92) 

(93) 
(96) 

(98) 


American  Machinist,  New  York 
City,    15c. 

Electrician,    London,    England,    18c. 

Proceedings,  Inst,  of  Mech.  Engrs., 
London,   England. 

Journal,  Inst.  Elec.  Engrs.,  London, 
England,   5s. 

Beton  und  Eisen,  Vienna,  Austria, 
1,    50m. 

Tonindustrie  Zeitiinc/,  Berlin,  Ger- 
many. 

Gas  Age,  New   York  City,   15c. 

Proceedings,  Am.  Ry.  Eng.  Assoc, 
Chicago,    111. 

Engineering  and  Contracting,  Chi- 
cago, 111.,  10c. 

Railway  Maintenance  Engineer,  Chi- 
cago,  111.,  10c. 

Bulletin  of  the  International  Ry. 
Congress  Assoc,  Brussels,  Bel- 
glum. 

Proceedings,  Am.  Soc.  for  Testing 
Materials,    Philadelphia,    Pa.,    $5. 

Transactions ,  Inst,  of  Naval  Archts., 
London,   England. 

Transactions,  Soc.  of  Naval  Archts. 
and  Marine  Engrs.,  New  York 
City. 

Bulletin,  Soc  d'Encouragement  pour 
I'lndustrie  Nationale,  Paris, 
France. 

Revue  de  Metallurgie,  Paris,  France, 
4    fr.    50. 

Canadian  Engineer,  Toronto,  Ont., 
Canada,   10c. 

Journal,  Engrs.  Soc.  of  Pa.,  Har- 
risburg,   Pa.,   30c. 


(99)  Proceedings,  Am.  Soc.  of  Municipal 
Improvements,  New  York  City,  $2. 
(100)  Military  Engineer:  Journal  of  the 
Society  of  American  Military 
Engineers,  Washington,  D.  C, 
75c 

103)  Mining    and    Scientific   Press,    San 

Francisco,   Cal.,    10c. 

104)  The   Surveyor   and   Municipal   and 

County    Engineer,    London,    Eng- 
land,  6d. 

105)  Chemical    and    Metallurgical    En- 

gineering, New  York  City,  25c 

106)  Transactions,  Inst,  of  Min.  Engrs., 

London,    England,    6s. 

107)  Schwei.zerische  Bauzeitung,  Ziirich, 

Switzerland. 

109)  Journal,  Boston  Soc.  C.  E.,  Boston, 
Mass.,    50c. 

Ill)  Journal  of  Electricity,  San  Fran- 
cisco,   Cal.,    25c. 

113)  Proceedings,  Am.  Wood  Preservers* 

Assoc,   Baltimore,    Md. 

114)  Journal,    Institution    of    Municipal 

and    County    Engineers,    London, 
England,    Is.    6d. 

115)  Journal,  Engrs.'  Club  of  St.  Louis, 

St.   Louis,   Mo.,  35c. 

116)  Blast    Furnace    and    Steel    Plant, 

Pittsburgh,   Pa.,   15c. 

117)  Engineering    World,    Chicago,    111. 

118)  Times      Engineering     Supplement, 

London,   England,    2d. 

119)  Landscape     Architecture,     Harris- 

burg,    Pa.,    50c. 

120)  Automotive   Industries,    New    York 

City,  15c. 

121)  Proceedings,    Am.    Concrete    Inst., 

Boston,    Mass. 


LIST  OF  ARTICLES 
Bridges. 

The  Key  Bridge  Cofferdams.*      John   T.   Talman.      (100)      Jan. -Feb. 

Functions   and    Work   of   the    Resident   Engineer   on    Bridge   Construction.      J.   A.    L. 

Waddell.      (4)      Feb.  20. 
Three  Bridges  in  Palestine  Built  by  Canadians.*      A.  P.  Linton.      (96)      Feb.  26. 
Some  Experiences  in  Foundation  Failures.*      Reginald  B.  Evans.      (96)      Feb.   26. 
Anchor  Pins  of  Cornwall  Cantilever  Bridge  Bored  Out  and  Renewed.*      H.  T.  Welty. 

(13)      Mar.  4. 
Design    Details    and    Field    Methods    on    Thin    Arch    Dam.*      (Describes    straddling 

trestle.)       (13)      Mar.  4. 
New  York  Central  Railroad  Accommodates   Itself   to  Construction   of   Barge   Canal.* 

B.  S.  Voorhees.      (13)      Mar.  11. 
Reconstructing    Poughkeepsie    Cantilever    Bridge    for    Heavy    Traffic*      Clement    E. 

Chase.      (13)      Mar.   11. 
A   Double-Leaf   Bascule   Span   Designed   as   a   Three-Hinged   Arch.*      (15)      Mar.    18 

(Daily  ed.) 
Strengthening   a   County   Bridge   to   Carry    Motor-Truck    Traffic*      Morris   Goodkind. 

(13)      Mar.   25. 
Die  Ohioflussbriicke  der  Chesapeake  and  Ohio  Northern-Eisenbahn  bei  Sciotoville  in 

Ohio.*      Georg  Chr.   Mehrtens.      (48)      Apr.    22,    1916. 
Ueber   den    Bau   der   Hollentor-Briicke    in    der   New   York-Verbindungsbahn.*      Georg 

Christoph  Mehrtens.      (48)      Serial  beginning  May  13,  1916. 
Wiederherstellung    gesprengter    eiserner    Briicken.*      G.    Barkhausen.      (48)      Serial 

beginning  July  22,  1916. 
Altes  und  Neues  von  eisernen  Briicken.*      Georg  Christoph  Mehrtens.      (48)      Serial 

beginning  Feb.  3,  1917. 
Einarmige  Klappbriicke  von  42   m   Stutzweite  tiber  die  Trollhattakanal  bei  Weners- 

burg   (Schweden).*      G.   Barkhausen.      (48)      Serial  beginning  May   12,   1917. 

Electrical. 

Electrostatic  Precipitation.*      O.  H.  Eschholz.      (56)      Vol.  60,  1919. 
Failures    of    Turbo-Generators    and    Suggestions    for    Improvements.* 
(77)      Feb. 


J.    Shepherd. 


*  Illustrated. 
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Electrical — (Continued). 

The  High-Frequency  Resistance  of  Wires  and  Coils.*      G.  W.  O.  Howe.      (77)      Feb. 
Electricity  in  Tin  Mining.*      D.   M.  W.  Hutchison  and  W.  J.  Wayte.      (77)      Feb. 
Submarine  Detection  in  an  Alternating  Magnetic  Field.*     J.  B.  Whitehead  and  L.  O. 

Grondahl.      (42)      Serial  beginning  Mar. 
Changing  33-Cycle  Apparatus   to   Operate   on   60-Cycle  Circuits.*      D.   W.   Proebstel 

and  E.   H.   Le  Tourneau.      (42)      Mar. 
Constant  Potential  Series  Lighting.     Chas.  P.  Steinmetz.      (42)      Mar. 
The    Alternating-Current    Commutator    Motor.*      B.    G.    Lamme.      (42)      Mar. 
Electric  Power  Supply  of  Southern  Textile  Mills.*      J.  E.   Sirrine.      (55)      Mar. 
Eastern   Connecticut   Served  by   New   Station.*      E.   T.   Phillips.      (27)      Mar.   6. 
Determining  Losses  in  Transmission  Lines.*      Oscar  Gaarden.      (27)      Mar.  6. 
Analysis  of  Insulator  Practice.*      (27)      Mar.  6. 
How    Power    Factor    Affects    the    Voltage    Regulation    of    an    Alternator.*      Quinten 

Graham.      (64)      Mar.  9. 
Electric    Engines    and    Mine    Hoists.*     H.    H.    Broughton.      (73)      Serial    beginning 

Mar.   12. 
Paralleling   Synchronous    Frequency    Changers.*      Errol    B.    Shand.      (27)      Mar.    13. 
Self-Exciting   Synchronous   Motor.*      .7.   K.   Kostko.      (27)      Mar.   27. 
Short-Circuit  Currents   in   Networks.*      W.   R.  Woodward.      (27)      Mar.   27. 
Chile    Exploration    Company's    Tocopilla    Power    Plant.*      (64)      Mar.    30. 
Les    Tubes    a    Decharge    Electronique    et    leur    Applications.*      P.     Letheuls.      (33) 

Serial   beginning  Feb.    21. 
L'Electrification    des    Chemins    de    Fer    aux    Etats-Unis    et    la    Protection    des    Lignes 

Telegrapliiques   et   Telephoniques.      (33)      Feb.    14. 
Das      hydraulische      Akkumlierwerk      in      Neckartenzlingen.*      R.      Thomann.      (48) 

Serial   beginning  Apr.    15,    1916. 
Anlass-und    Regelvorrichtungen    Druckknopfsteuerungen    und    elektrische    Vorschiibe 

fiir   Werkzeugmaschinen.*      O.    Pollok.      (48)      Serial   beginning   Apr.    29,    1916. 
Probleme    der    Rontgentechnik.*      P.     Ludewig.      (48)      Serial    beginning    Jan.     13, 

1917. 
Fabrikbeleuchtung.*      N.   A.   Halbertsma.      (48)      Feb.    3,    1917. 
Hochstausnutzung    der    Gefalle    mit    kleinstem    Aufwand    bei    Erschliessung    unserer 

Niederdruckwasserkrafte ;    ihr    Einfluss    auf    die    wirtschaftlichen    Verhaltnisse 

Bayerns    und    auf    die    Unabhangigkeit    des    Reiches    vom    Auslande.*      Johann 

Hallinger.      (48)      Serial   beginning  Mar.   3,   1917. 
Bogenlampe    und    Gliihlampe,    eine    vergleichende    Studie.      Heyck.      (48)      July    14, 

1917. 
Die    Forderanlagen     im    Neubau    des    Haupttelegraphenamtes    in    Berlin.*      Kasten. 

(48)      Serial  beginning  Aug.  25,  1917. 
Die  innere   Aufbau   des   Cheraischen   Atoms   und    seine   Erforschung  durch   Rontgen- 

strahlen.*     A.   Sommerfeld.      (48)      Serial  beginning  Oct.   13,   1917. 

Marine. 

Ships   of    the    British    Navy   on    August    4,    1914,    and    Some   Matters    of    Interest    in 

Connection   with   Their   Production.*      Philip  Watts.      (90)      Vol.    61,    1919. 
Italian    Two-Floodable-Compartment    Cargo    Steamers.       Salvatore    Orlando.       (90) 

Vol.   61,  1919. 
Naval   Construction   During   the   War.*      Eustace  Tennyson   d'Eyncourt.      (90)      Vol. 

61,    1919. 
Some    Recent   Developments    Towards    a    Simplification    of    Merchant    Ship    Construc- 
tion.*     Eustace    Tennyson    d'Eyncourt    and    Thomas    Graham.      (90)      Vol.    61, 

1919. 
Investigations   Into  the  Causes  of  Corrosion   or  Erosion   of   Propellers.*      Charles  A. 

Parsons  and   Stanley  S.   Cook.      (90)      Vol.   61,   1919. 
The  Michell  Thrust  Block.*      J.  Hamilton  Gibson.      (90)      Vol.   61,   1919. 
Some     Experiences     with     Electric     Welding     in     Warships.*      W.     H.     Gard.      (90) 

Vol.   61,  1919. 
Further    Experiments    on    Stress    Determination    in    Flat    Steel    Plates.*      J.    Mont- 

gomerie.      (90)      Vol.   61,  1919. 
The  Tonnage  of  Modern   Steamships.*      A.   T.  Wall.      (90)      Vol.   61,    1919. 
Model    Experiments   on    the    Effect   of    Beam    on    the    Resistance   of    Mercantile    Ship 

Forms.*      J.   L.   Kent.      (90)      Vol.   61,   1919. 
The    Gyrostatic    Compass.*      Sidney    G.    Brown.      (From    paper    read    before    Royal 

Inst.)       (11)      Feb.    13. 
The  Theory  of  the  Michell   Thrust  Bearing.*      (11)      Feb.   20. 
Drop     Forging    as    Applied    to     Shipbuilding.*      Joseph     L.     Murphy.      (62)      Serial 

beginning  Mar. 
Submarine    Detection    in    an    Alternating    Magnetic    Field.*      J.    B.    Whitehead    and 

L.  O.  Grondahl.      (42)      Serial  beginning  Mar. 
Motion   Study  of  Side  Launching  of  6  000-Ton  Vessel.      (13)      Mar.   4. 
Flying   Boats — The   Form    and    Dimensions    of    Their   Hull.*      G.    S.    Baker.      (Paper 

read  before  North-East  Coast  Inst,  of  Engrs.  and  Shipbuilders.)       (11)      Mar.  5. 
Uncle  Sam's  Greatest  Navy  Yard.*      R.  D.  Gatewood.      (72)      Mar.  11. 

*  Illustrated. 
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Marine — (Continued). 

The   Use  of   Non-Ferrous   Metals    in    Naval    Machinery.      George   Goodwin.      (Extract 

from   paper   read   before   Inst,   of   Metals.)       (11)      Mar.    12. 
Navigating  Ships   in   Trains.*      Robert  G.   Skerrett.      (46)      Mar.   13. 
Navires  a   "Pousseurs",   Systeme  Constan.*     F.   Pavy.      (33)      Feb.   7. 
Le  Bateau  Petrolier  Sati  Fernando.*      (33)      Feb.  21. 
Flotteurs    en   Beton   Arme,    systeme   Christiane   et   Nielsen,    pour    le    Renflouage   des 

Navires.*      (33)      Feb.   21. 
Versuche  mit  einer  neuen   Doppelschiffschraube.*      H.  Hass.      (48)      June   24,   1916. 
Der    Schiffsaufzug    im    Moldauhafen    Prag-Holleschowitz.*      H.    Laras.      (48)      Nov. 

25,   1916. 
Die  Wirkung  der  schweren  Geschiitze  der  Schiffsartillerie.*      Hermann  Narath.      (48) 

Feb.  24,  1917. 
Eine     200-pferdige     Junkers-Maschine    auf     einem     Kanalschlepper.*      W.     Scheller. 

(48)      Serial  beginning  Mar.   31,   1917. 

Mechanical. 

Manufacture    of    Silica    Brick.*      H.    Le   Chatelier    and    B.    Bogitch.      (56)      Vol.    60, 

1919. 
Die  Castings,   and   Their  Application   to  the  War   Program.*     Charles   Pack.      (56) 

Vol.  60,  1919. 
The    Development    of    Airship    Construction.*     C.    I.    R.    Campbell.      (90)      Vol.    61, 

1919. 
The  Value  of  Proper  Furnace  Insulation.*     A.  W.   Knight.      (62)      Feb. 
Temperatures  in  Coke  Ovens.      (118)      Feb. 
The   Air   Cooling  of   Petrol   Engines.*      A.    H.   Gibson.      (Paper   read   before   Inst,    of 

Automobile   Engrs.)       (11)      Serial   beginning   Feb.    13. 
The  Vibration  of  Spars  in  Aircraft.*     A.  H.  Stuart.      (11)      Feb.  13. 
Winding  Ropes  and  Bending  Stresses.*      O.  Speer.      (57)      Feb.  13. 
The    Use    of    Fire-Clay    in    Laying    Fire-Clay    Bricks.*     Raymond    M.    Howe.      (66) 

Feb.    17. 
Principles  of  Gas  Combustion.*      O.   L.  Kowalke.      (4)      Feb.   20. 
The    Design    of    Pneumatic    Tired    Trucks.     C.    M.    McCreery.      (Abstract    of    paper 

read  before  Soc.  of  Automotive  Engrs.)      (120)      Serial  beginning  Feb.  26. 
Large  Concrete  Oil  Tanks  Withstand  Hurricane  and  Flood.      (117)      Mar. 
Motor    Fuels.*      E.    W.    Dean.      (3)      Mar. 

The   First  Transcontinental   Motor  Convoy.*      E.   R.   Jackson      (55)      Mar. 
Turbo-Compressor   Calculations.*      Allen    H.    Blaisdell.      (55)      Mar. 
The   Proper   Balancing  of   Fuel,    Lubricant   and   Motor.*      William   F.    Parish.      (55) 

Mar. 
The  Breakdown  Voltage  of  a  Spark  Gap.*     L.  B.  Loeb  and  F.  B.  Silsbee.      (Abstract 

of  report  of  National  Advisory  Committee  for  Aeronautics.)       (19)      Mar. 
Propeller   Testing   Laboratory    at    McCook   Field.*     F.   W.    Caldwell.      (From   Aerial 

Age.)      (19)      Mar.  „       ^     .,.  , 

Firing    Steam    Boilers    without    Flame.*      William    A.    Bone    and    P.    St.    G.    Kirke. 

(From  Journal  of  Soc.  of  Chemical  Industry.)       (19)      Mar. 
Heat  Treating  Cast  Steel  for  Tractors.*      Fred.  Grotto.      (62)      Mar  . 

Adaptability    of    the    Forging    Machine.      F.    H.    Blakeslee.      (62)      Serial    beginning 

Mar. 
Recent   Welding  and   Cutting  Developments.*     R.   M.   Rush.      (H6)      Mar. 
Heat   Treatment  of   Automobile   Springs.      Harry  B.   Hemstreet.      (From   paper   read 

before   Am.    Steel    Treaters'    Convention.)       (62)      Mar. 
Steam-Turbine  Lubrication.*      W.  F.  Osborne.      (64)      Mar.   2.  .     ^    ^     ,        ,^., 

Four-Day    Test    on    Five    Oneida    Street    Boilers    Burning    Pulverized    Coal.      (64) 

Mar.   2.  ^  ,        .     j  /^^^      m         o 

Pulverized    Coal   Under   Central-Station    Boilers.*      John    Anderson.      (64)      Mar.    2; 

(27)      Mar.   13. 
Elements   of   Combustion   of   Fuel   Oil.      (64)      Mar.   2.  ,      .       ^ 

Notes  on  Gasification.*      Charles  F.  Tooby.      (Paper  read  before  Junior  Gas  Assoc.) 

(66)      Mar.  2.  .    ^,  .  t      •        ^         »  ^       ,^^. 

Gas   Boosting.*      D.    Balfour   Bain.      (Paper    read   before  Junior   Oas   Assoc.)       (66) 

Mar    2 

Pumping  Acid  with   Compressed   Air.*      John   Oliphant.  (105)      Mar.   3. 

Colliery    Boiler   Plant    Satisfactorily    Burns    No.    2    Tank  Barley.*      D.    C.    Ashmead. 

(45)      Mar.  4.  ,..,,„.,... 

Driving  Air  Compressors   by   Exhaust   Steam.      A.   Dessemond.      (57)      Serial   begin- 

Flying  Boats— The  Form  and  Dimensions  of  Tlieir  Hull.*  G.  S.  Baker.  (Paper 
read  before  the  North-East  Coast  Inst,  of  Engrs.  and  Shipbuilders.)  (11) 
Mar.  5. 

A   Steam  Alignment   Diagram.*      D.   Halton   Thomson.      (11)      Mar.   5. 

Ford  Uses  Large  Refrigeration  Plant  in  Making  Automobiles.*  Eric  H.  Peterson. 
(64)      Mar.    9. 

Standardization  of  Boiler  Plants.*     Louis  R.  Lee.      (64)      Mar.  9. 

•  Illustrated. 
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Mechanical — (Continued). 

Design  and  Construction  of  Power-Plant  Piping.     John  D.   Morgan.      (64)      Mar.  9. 

Brazing    Steel   Tubes    and    Sheets.*      (72)      Mar.    11. 

A.  Study    of    the    Methods    and    Operations    of    Japanning    Practice.     W.    A.    Darrah. 

(120)      Serial    Beginning   Mar.    11. 
Coal    Washing :    Further    Scientific    Studies.*     Thomas    James    Drakeley.      (Abstract 

of    paper    read    before    Manchester    Geological    and    Min.    Soc.)      (57)      Serial 

beginning  Mar.    12. 
The    Development    of    Metal    Construction    in    Aircraft.*     J.    S.    Nicholson.      (Paper 

read    before    Inst,    of    Engrs.    and    Shipbuilders    in    Scotland.)      (11)      Serial 

beginning  Mar.  12. 
How  Bituminous  Coal  Can  Be  Safely  Stored.*      H.  H.   Stock.      (45)      Mar.   18. 
Handling  Wet  Sand  From  a  Hopper.*      Howard   H.   George.      (17)      Mar.   20. 
Double    Pipe    Heat    Interchangers.*      George    A.    Richter.      (Paper    read    before   Am. 

Inst,  of  Chemical  Engrs.)      (105)      Mar.  24. 
Reading's   Storage   Yards   Keep  the   Mines   Running   Steadily.*      Dever   C.   Ashmead. 

(45)      Mar.   25. 
The  Design   and   Construction   of  the   183-Cu.    In.   Engine.*      S.   Gerster  and  W.   F. 

Bradley.      (120)      Serial   beginning   Mar.    25. 
The  Plowing   Speeds  of  Tractors  and  the  Variables   Involved.*     Oliver  B.   Zimmer- 
man.     (Paper    read    before    Soc.    of    Automotive    Engrs.)      (120)      Mar.    25. 
An   Oil  Engine  Installation   in  New  Mexico.*      Theodore  M.   Robie.      (16)      Mar.   27. 
Air-Compressor  Lubrication.     W.  F.  Osborne.      (64)      Mar.   30. 
Automatic    Control    for    Motors    Driving    Pumps    and    Compressors.*      B.    W.    Jones. 

(64)      Mar.  30. 
Measuring  Flow  of  Fluids.*     Jacob  M.   Spitzglass.      (64)      Mar.  30. 
Les  Regimes  Lents,   en  Aviation.*      Auguste  F'orissier.      (33)      Feb.   21. 
Ueber   die   Ungleichmassigkeit  des   Drahtes   von    Papiergarnen   auf   den   Tellerspinn- 

maschinen.*      Wilh.   Heinke.      (48)      Mar.   25,   1916. 
Wirkungsgrad  und  Beschaufelung  von  Turbo-kompressoren  und  Geblasen.*     H.  Baer. 

(48)      Serial  beginning  Mar.  25,  1916. 
Dampf-Charakteristiken.*      Bruno    Leinweber.      (48)      Apr.    29,    1916. 
Die  Berechnung  verschiedener  Rohrnetze  auf  einheitlicher  Grundlage.*      K.  B^rabbSe. 

(48)      Serial  beginning  May  27,   1916. 
Untersuchungen     iiber    den     Verlauf     der    Verbrennung     im     Dieselmotor.*     Ench 

Weisshaar.      (48)      Apr.    1,    1916. 
Ueber  die  Aufarbeitung  des  Braunkohlen-Generatorteeres'.      Franz   Fischer  und  Wil- 

helm  Schneider.      (50)      June  8,  1916. 
Seilbahnkrane  neuerer  Bauart.*     G.  W.  Heinold.      (48)      Serial  begmning  June  10, 

Kohlenbrechanlage  und  Koksaufbereitung  des  neuen  Zentralgaswerkes  in  Budapest.* 
Wilhelm   Seltner.      (48)      June   10,    1916. 

Drucktafel  fur  Erdgas.*      D6nat  B^nki.      (48)      June  17,   1916. 

Ueber  den  Einfluss  des  Wasserdampfgehaltes  in  Gasbetrieben.*  E.  Hofmann.  (50) 
Serial  beginning  June  22,  1916.  . 

Die  Oberfliichenkondensation  des  Wasserdampfes.*  Wilhelm  Nusselt.  (48)  Serial 
beginning  July  1,  1916.  ,^„^      _,     ...      . 

Langhubige  oder  kurzhubige  Dleselmotoren ?  W.  Stremme.  (48)  Serial  begin- 
ning July  8,   1916.  ^  ,   ..  T^  ,», 

Schwingungs-  und  Resonanzerscheinungen  in  den  Rohrleitungen  von  Kolbenge- 
blasen.*      W.    Berth.      (48)      Serial   beginning   July   8,    1916. 

Schiebebiihnen    mit    elektrischem   Antrieb.*      Herm.    Thieme.      (48)      July    15,    191b. 

Die  thermischen  Eigenschaften  der  einfachen  Gase  und  der  technischen  Feuergase 
zwischem    0°    und    3  000°    C*     W.    Schiile.      (48)      Serial    beginning    July    2'9, 

Zur  Frage  der  Erweiterung  der  Dusen  von  Dampfturbinen.*  H.  Baer.  (48) 
Serial   beginning   Aug.   5,    1916.  ,       ^•.     t^     «»  v.-         * 

Die  Dampfung  am  mittelbar  wirkenden  Geschwindigkeitsregler  fur  Kraftmaschinen.* 
Otto   Moog.      (48)      Serial   beginning  Aug.    12,    1916.  ^„^       . 

Kohlenverfeinerung    und     Kohlenstaubfeuerung.*      Emil    Riisager.      (50)      Aug.     17, 

Die  Verwendung  von  gestucktem  Koks  zur  Dampferzeugung.*     Alfred  Stober.      (50) 

Aug.   24,   1916. 
Die  Verwendung  der  Zoelly-Leitrader  von  Dampfturbinen   fiir  iiberkritische  Dampf- 

geschwindigkeiten.*      A.    Loschge.      (48)      Serial    beginning    Sept.    16,    1916. 
Der    Torsiograph,     ein     neues     Instrument    zur    Untersuchung     von     Wellen.*      Jos. 

Geiger.      (48)      Serial   beginning   Sept.   30,   1916. 
Untersuchungen    iiber    die    Wirkung    von    Einlagekorpern    in    den    Rauchrohren    von 

Lokomobilkesseln.      B.    Hilliger.      (48)      Serial    beginning   Oct.    21,    1916. 
Ueber    die    Verladung    und    Forderung    von    Hiittenkoks    mit    mechanischen    Forder- 

mltteln.*      Hans   Hermann    Dietrich.      (50)      Serial  beginning   Nov.    2,    1916. 
Erfahrungen     im     Bau     und     Betrieb     hochbeanspruchter     Dampfkessel.*      Friedrich 

Miinzinger.      (48)      Serial  beginning  Nov.  11,   1916. 
Die  Verwertung  der  Abwarme  von  Brennkraftmaschinen  fiir  Kraftwecke.*      Wilhelm 

Gentsch.      (48)      Serial   beginning   Nov.    25,    1916. 

*  Illustrated. 
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Mechanical — (Continued). 

Die    Antriebverhaltnisse    des     Einblaseventlles    der    Dleselmaschine.*     Koenemann. 

(48)      Serial  beginning  Dec.  2,  1916. 
Untersuchungcn  eines  Wechselgetriebes  mit  n-\-  1  —  Raden  fiir  n  —  Uebersetzungen.* 

Hans  Hermann.      (48)      Dec.  23.  1916. 
Ueber  die  Ermiidung  von  Maschinenteilen.*     Alfons   Leon.      (48)      Serial  beginning 

Mar.  3,  1917. 
Ueber  die  restlose  Vergasungder  Kohle  im  Doppelgasserzeuger  von  Strache.*     Hein- 

rich    Stabler.      (50)      Mar.    22,    1917. 
Brennstoff   und   Verbrennungsvorgang.     Aufhauser.      (48)      Mar.   24,   1917. 
Das   Hobeln  von   Pfeilradern   auf  der   Sykes-Zahnradhobelmaschine.*     E.   Toussaint. 

(48)      Apr.  7,  1917. 
Die  heutige  Stand  der  Kohlenforschung.*      Franz   Fischer.      (50)      Serial  beginning 

Apr.    12,    1917. 
Elektrische  Zugwagen   fiir  Lastbeforderung.*      Berlit.      (48)      Apr.   28,    1917. 
Der  Nutzen  elastischer  Kupplung  von  Kraft-  und  Arbeltsmaschine.*     Kurt  Neumann. 

(48)      Serial  beginning  May  5,   1917. 
Die  Deutsche  Luftkriegsbeute-Ausstellung   (Delka).*     A.   Baumann.      (48)      June  2, 

1917. 
Einketten-  und   Einseilgreifer.*      A.   Boje.      (48)      June  16,   1917. 
Kurvenkreisel   und  Kollergang.*      R.  Grammel.      (48)      July  7,   1917. 
Die   Warmeiibergang   im    Rohr.     Wilhelm   Nusselt.      (48)      Aug.    18,    1917. 
Zur    Verfeuerung    minderwertiger,    schlackenreicher    Feinkohle    auf    Wanderrosten.* 

A.   Loschge.      (48)      Serial  beginning  Sept.   1,   1917. 
Zur  Thermodynamik  des  Wasserdampfes.*     G.  Eichelberg.      (48)      Sept.  8,  1917. 
Versuche    zur    Verbrennung    von     Koksgrus    auf    Unterwind-Wanderrosten.*     Otto 

Wirmer.      (48)      Oct.   6,  1917. 
Einiges     iiber     Festpunkte     und     Ausgleichvorrichtungen     fiir     Dampfrohrleitungen. 

H.  Ochwat.      (48)      Serial  beginning  Oct.  13,  1917. 
Zur    Beurteilung    der    Leitvorrichtungen     von     Dampfturbinen     bei    Ueberschallge- 

schwindigkeit.*      G.    Zerkowitz.      (48)      Serial    beginning    Oct.    27,    1917. 
Vereinheitlichung  der  Werkzeugbefestigungen.*     Th.   Damm.      (48)      Oct.   27,    1917. 
Die     Temperaturregelung     des     Heissdampfes.*     Heinrich     Huebner.      (48)      Serial 

beginning   Nov.    3,    1917. 
Die    Bemessung   der    Federn    fiir   pendelnde   Massen.*      Geurg   Lindner.      (49)      Nov. 

10,  1917. 
Untersuchungen   iiber  Wirkung  und   Anwendung  von   Pendeln   und   Pendelketten   Im 

Maschinenbau.*      K.    Kutzbach.      (48)      Serial   beginning   Nov.    17,    1917. 
Bericht   iiber  die   Untersuchung   einer   aufgerissen   Wasserkammer.*     Richard    Bau- 
mann.     (48)      Serial    beginning   Dec.    1,    1917. 
Beobachten    und    Messen.*      O.    Herre.      (48)      Serial    beginning    Dec.    1,    1917. 
Neuerungen    an   Mikromanometern.*      (48)      Dec.    8,    1917. 
Ueber  Reibung.*      D.  Thoma.      (48)      Dec.  29,   1917. 
Maschinelle      Schnellverstellung      der     Werkzeuge      an      modernen      Grosswerkzeug- 

maschinen.*      Arthur  Schmidt.      (48)      Apr.   21,   1919. 
Petroleumbetrieb   bei   Motorwagen.*     A.   Heller.      (48)      Aug.   16,   1919. 

Metallurgical. 

Standards  for  Brass  and  Bronze  Foundries  and  Metal-Finishing  Processes.*     Lillian 

Erskine.      (Foundry  sanitation.)       (56)      Vol.  60,  1919. 
Practice  of  Antimony  Smelting  in  China.*      Chung  Tu  Wang.      (56)      Vol.  60,  1919. 
First    Year   of    Leaching   by   the   New   Cornelia    Copper    Co.*      Henry    A.    Tobelmann 

and   James  A.   Potter.      (56)      Vol.   60,    1919. 
F'ine-Grinding  Cyanide  Plant  of  Barnes-King  Development  Co.*     J.  H.   McCormick. 

(56)      Vol.    60,    1919. 
Automatic   Separation   of   Solution   from   Solids  in   Hydrometallurgical   Treatment  of 

Ore  Pulps.*      Bernard   MacDonald.      (56)      Vol.   60,   1919. 
Effect  of   Oxygen   on   Precipitation    of   Metals   from   Cyanide   Solutions.     Thomas   B. 

Crowe.      (56)      Vol.    60,    1919. 
Roasting  for  Amalgamating  and  Cyaniding  Cripple  Creek  Sulfotelluride  Gold  Ores.* 

'A.   L.  Blomfleld  and   M.   J.   Trott.      (56)      Vol.   60,   1919. 
Manufacture    of    Silica   Brick.*     H.    Le   Chatelier   and   B.    Bogitch.      (56)      Vol.    60, 

1919. 
A   Symposium  on  the  Conservation   of  Tin.*      (56)      Vol.   60,   1919. 
Constitution   of  Tin  Bronzes.*      Samuel  L.  Hoyt.      (56)      Vol.   60,   1919. 
Electrolytic  Zinc*      C.  A.  Hansen.      (56)      Vol.  60.  1919. 
Electrostatic  Precipitation.*      O.   H.   Eschholz.      (56)      Vol.   60.    1919. 
Condensation   of   Zinc   from   its  Vapor.*      Charles  H.   Fulton.      (56)      Vol.    60,    1919. 
Effect    of    Impurities   on    Hardness    of    Cast    Zinc   or    Spelter.*     G.    C.    Stone.      (56) 

Vol.  60,  1919. 
Oxygen    and    Sulfur   in    the   Melting   of   Copper   Cathodes.*      Stanislaus    Skowrouskl. 

(56)      Vol.    60,   1919.  „,  ,  .       ^^^^ 

Relation    of    Sulfiir    to    the    Overpoling    of    Copper.*      Stanislaus    Skowrouskl.      (56) 

Vol.   60,   1919. 


*  Illustrated. 
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Metallurgical — (Continued). 

Action    of     Reducing    Gases    on     Hot     Solid     Copper.*      Norman     B.     Pilling.      (56) 

Vol.    60,    1919. 
Spectroscopic   Determination   of   Lead    in   Copper.*     C.   W.   Hill    and   G.    P.    Luckey. 

(56)      Vol.    60,    1919. 
Volatilization     of     Cuprous     Chloride     on     Melting     Copper     Containing     Chlorine.* 

S.  Skowrouski  and  K.  W.  McComas.      (56)      Vol.  60,  1919. 
Non-Metallic    Inclusions    in    Bronze    and   Brass.*      G.    F.    Comstock.      (56)      Vol.    60, 

1919. 
Manganese  Bronze.*      P.   E.   McKinney.      (56)      Vol.   60,   1919. 
Automatic   Copper   Plating.*      Joseph   W.    Richards.      (56)      Vol.    60,    1919. 
Volatility  of  Constituents  of  Brass.*      John  Johnstone.      (56)      Vol.  60,  1919. 
A    Comparison    of    Grain-Size    Measurements    and    Brinell    Hardness    of    Cartridge 

Brass.*      W.   H.   Bassett  and   C.   H.   Davis.      (56)      Vol.   60,    1919. 
Babbitt  and  Babbitted  Bearings.*      Jesse  L.  Jones.      (56)      Vol.   60,   1919. 
Metals  and  Alloys  from  a  Colloid-Chemical  Viewpoint.      (56)      Vol.  60,  1919. 
Effect   of   Temperature,   Deformation,   and  Grain   Size  on   the  Mechanical   Properties 

of    Metals.*      Zay   Jeffries.      (56)      Vol.    60,    1919. 
Metallography   of   Tungsten.*     Zay   Jeffries.      (56)      Vol.    60,    1919. 
Metallographic     Phenomena     Observed     in     Amalgams.*     Arthur     W.     Gray.      (56) 

Vol.   60,    1919. 
Two    Instances   of   Mobility   of   Gold    in    Solid    State.*     Edward    Keller.      (56)      Vol. 

60,   1919. 
Radium.*      Richard  B.  Moore.      (56)      Vol.  60,   1919. 
Nickel-Chromium  Alloys.      W.  A.  Gatward.      (58)      Dec,  1919. 
The  Dominion  Forge  Plant  at  Walkerville.*      (62)      Feb. 
Selection   of  Heat   Treating  Equipment.*      Alvin   N.    Conarroe.      (62)      Feb. 
The    Manufacture    of    High    Speed    Steel.      Roy    C.    M'Kenna.      (Paper    read    before 

Steel  Treaters'   Soc.)      (62)      Serial  beginning  Feb. 
The   Heat    Treatment    of    Drop    Forgings.*     Leslie    Aitchison.      (62)      Serial    begin- 
ning Feb. 
The  Sorbitic  Treatment  of  Steel.*     James  Waite.      (From  paper  read  before  Tech- 
nical  Inspection   Assoc.)      (22)      Feb.    20. 
Sulphur  in  the  Acid  Open-Hearth  Process.      F.  A.  Matthewman.      (22)      Feb.  20. 
The  Treatment  of   Steel.     James  Waite.      (Abstract  of  paper  read  before  Technical 

Inspection   Assoc.)      (21)      Mar. 
The  Hump  Method   for  Heat  Treating  Steel.*      (62)      Mar.;      (116)      Mar. 
Notes  on   Quenching  Stresses  and  Failures.      Francis  B.  Coyle.      (62)      Mar. 
Electric   Furnaces   for   Heat   Treatment.*      R.    E.   Talley.      (From   paper   read   before 

Steel   Treating  Research   Soc.)       (62)      Serial  beginning  Mar. 
The  Effect  of  Nitrogen  on   Steel.*     George  F.  Comstock  and  W.  E.   Reeder.      (105) 

Mar.   3. 
Metallographical    Study    on    Galvanized    Steel.*     Y.    Tajl.      (Paper    read    before   the 

Soc.  of  Naval  Architects,  Japan.)       (11)      Mar.  5. 
The  Requirements  of  Refined   Copper.*      Lawrence  Addicks.      (105)      Mar.   10. 
Pots   and   Boxes   Used    in    Carbonizing.*      H.    H.    Harris.      (From   paper   read   before 

Am.   Steel  Treaters'   Soc.)      (20)      Mar.   11. 
Position  of  Tensile  Tests  in'  the  Foundry.*      W.  A.  Gibson.      (20)      Mar.   11. 
The    Action    on    Aluminium    of    Hard    Industrial    Waters.      Richard    Seligman    and 

Percy  Williams.      (Paper  read  before   Inst,   of  Metals.)       (11)      Mar.   12. 
Magnetic    Separation    of    Bismuth,    Tin,    and    Tungsten    Concentrates    in    Tasmania. 

Wm.  E.  Hitchcock  and  J.  R.  Pound.      (10.?)      Mar.  13. 
Making  Lithopone  at  Collinsville,  111.*      Chester  H.  Jones.      (105)      Mar.  17. 
A   Classification    of    Filter   Plates    and    Frames    and   Their   General   Usage.*     D.    R. 

Sperry.      (105)      Mar.    17. 
Aluminum   Roll'ng-Mill   Practice.*      Robert  J.   Anderson   and   Marshall   B.   Anderson. 

(105)      Serial  beginning  Mar.   17. 
Effect  of  Molybdenum  in  Chrome  and  Nickel  Steels.*      (15)      Mar.  19. 
Selective   Flotation   by   the   Bradford   Process.      (16)      Mar.    20. 
Electrolytic  Zinc  Plant   of  the  Judge  Mining  and   Smelting  Co.*      L.   W.   Chapman. 

(105)      Mar.    24. 
A    Modification    of    Horwood's    Process    for    the    Treatment    of    Copper-Zinc    Ores.* 

H.  L.  Hazen.      (103)      Mar.  27. 
Crystallography  of  Alpha   and   Beta   Iron.*      Federico   Giolitti.      (105)      Mar.   31. 
The  Effect  of  Molybdenum   in  Alloy  Steels.      (25)      April. 
Essais   d'Organisation    Methodique   dans   une   Usine   Metallurgique.*      M.   G.    Charpy. 

(92)      May-June,   1919. 
Die  Eisenindustrie  in  Belgien.*      Robert  Kind.     (50)     Serial  beginning  May  4,  1916. 
Die    Bedeutung    des    Kaltwalzen    bei    Sonderblechen.*      W.    Kramer.      (50)      May    4, 

1916. 
Der    Warmehaushalt    des    Hochofens,    die    Reduktionsziffer    von    Eisenerzen    und    die 

Vorausbestimnung    des    Brennstoffverbrauchs.      Bernhard    Osann.      (50)      Serial 

beginning  May  18,  1916. 
Einige    Versuche    mit    Kaltgezogenem    und    wieder    angelassenem    Fluaseisen.*     O. 

Bauer.      (50)      Serial  beginning  May  18,  1916. 

♦  Illustrated. 
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Beitrag  zur  Theorie  des  Teinperprozesses.*      Rudolf   Stotz.      (50)      May  25,   1916. 
Der   Umbau   des  Thomasstahlwerks  des   Lothringer   Hiittenvereins  Aumetz-Friede   in 

Kneuttingen.*      (50)      June  1,   1916. 
Einfluss    wiederholter    Bearbeitung    von    Walzstaben    in    der    Richtmaschine.     Paul 

Zetzsche.      (50)      June  8,  1916. 
Neue   Verwendung  der   Giclitgase.*      W.   Zimmerman.      (SO)      June   15,    1916. 
Die    Metallgiesserei    in    den    Vereinigten    Staaten.*      B.    Neumann.      (50)      June    29, 

1916. 
Die  Bestimmung  von  Chrom  im  Ferrochrom.*      Wilh.  Herwig.      (50)      July  6,  1916. 
Die    englische    Eisenindustrie    vor,    unter    und    nach    dem    Kriege.     Walter    Daelen. 

(50)      Serial  beginning  July  13,  1916. 
Untersuchungen    iiber    die    Vorgange    im    Hochofen.*      W.    Mathesius.      (50)      Serial 

beginning  July  20,   1916. 
Herstellung    metallischer   Ueberziige    auf    Flusseisen-    und    Stahldrahten    iubesondere 

deren  Verzinkung  und  Verzinnung.     H.  Altpeter.      (50)      Serial  beginning  Aug. 

3,  1916. 
Ueber  neuere  Aetzmittel  zur  Ermittlung  der  Verteilung  des  Phosphors  in  Eisen  und 

Stahl.      P.   Oberhoffer.      (50)      Aug.   17,    1916. 
Neuere  Ausfiihruugen  von  Roheisenwagen.*      (50)      Aug.  17,  1916. 
Hiittenwerkskrane.*      Leopold    Feigl.      (48)      Serial    beginning   Aug.    19,    1916. 
Der  Kornungsgrad  und  die  physikalischtechnischen  Eigenschaften  der  Metalle.*     J. 

Czochralski.      (50)      Sept.  7,  1916. 
Kaltwalzmaschinen.*      (48)      Sept.  16,   1916. 

Kontinuierliche   Walzwerke.      H.   lilies.      (50)      Sept.   21,   1916. 
Einwirkung    der    Temperatur    auf    die    Biegefahigkeit    von    Flusseisen-und    Kupfer- 

drahten.*      Lautz.      (48)      Sept.  23,  1916. 
Zur  Metallurgie  des  Gusseisens.      (50)      Serial  beginning  Sept.  28,  1916. 
Berechnung    der    in    den    Hochofen    eingefiihrten    Windmenge    und    der    Zusammen- 

setzung  der  Gichtgase.*      Bernhard  Osann.      (50)      Oct.   12,    1916. 
Neuerungen     an    Ventilanlagen    fiir    Siemens-Martin-Oefen.*      H.    Hermanns.      (48) 

Oct.    21,    1916. 
Ein    neuzeitliches    Giesserei-Laboratorium.*      Rudolf    Stotz.      (50)      Oct.    26,    1916. 
Betrachtungen    iiber    Turbo-Geblase    fiir    Hochofenbetrieb    und    die    Zweckmassigkeit 

ihrer  Anwendung.*      C.  B.  Blauel.      (50)      Serial  beginning  Nov.  9,   1916. 
Neuerungen  im  Thomasverfahren.      O.  Thiel.     (50)     Serial  beginning  Nov.  16,  1916. 
Theory   der   Entschwefelungsvorgange   im   Roheisenmischer.      L.    Blum.      (50)      Nov. 

23,  1916. 
Ueber  Roholfeuerungen  in  Hiittenwerken.*      L.  Schweitzer.      (50)        Dec.  7,  1916. 
Die    erste    Anwendung    der    Wasserkraft    im    Hiittenwesen.      Otto    Johannsen.      (50) 

Dec.  21,  1916. 
Ueber  die   Verwendung  von    Koks   in   Gaserzeugern    fiir  Martinofen.*      H.   Markgraf. 

(50)      Dec.  28,  1916. 
Vergleichsversuche  an  einem  Winderhitzer  mit  gewohnlicher  und  mit  Pfoser-Strack- 

Stumm-Beheizung.*      A.   Pfoser.      (SO)      Serial  beginning  Jan.    11,   1917. 
Ueber     die     Warmebilanz     eines     zum     Einschmelzen     von     Ferromangan     benutzen 

Nathusius-Ofens.*      F.   Bittner.      (50)      Jan.   18,   1917. 
Der  neue  Giessereianlage  der  Maschinenfabrik  Esslingen.*      E.  Leber.      (50)      Serial 

beginning  Jan.    25,    1917. 
Der  Einfluss  des  Herstellungsverfahrens  und  die  "Walzrichtung  auf  die  Eigenschaften 

verschieden  stark  gewalzter  Kupferbleche.*      W.  Miiller.      (48)      Jan.  27,    1917. 
Faber  du   Faurs  Arbeiten   und   Erfindungen   auf  dem   Gebiet  der  Winderhitzung  und 

Gasfeuerung.*      Eduard    Herzog.      (50)      Serial   beginning   Feb.    1,    1917. 
Rechnerische    Betrachtungen    uber    den    Verbrauch    von    Kohlenstoff    in    neuzeitlichen 

amerikanischen    Hochofen.*      W.    Mathesius.      (SO)      Serial    beginning    Feb.    15, 

1917.  ^  . 

Die  Rentabilitat  der  Eisen-und   Stahlgiessereien   unter  besonderer  Berucksichtigung 

einer  neueren  Akkordlohnbestimmung.*      A.  Wiedemann.      (SO)      Feb.  22,   1917. 
Manganbestimmung  in  Eisen  und  Stahl  nach  dem  Wismutatverfahren.*      H.   Kinder. 

(50)      Mar.    1,    1917. 
Zur     Vermeidung     des     Oberfeuers     beim     Hochofenbetrieb     und     Gewmnung     von 

Zyankalium   als   Nebenerzeugnis.*      Fr.   Lange.      (SO)      Mar.   15,   1917. 
Veriinderung  der  Korngrosse  und  der  Komgliederung  in  Metallen.*      J.  Czochralski. 

(48)      Apr.   21,   1917.  ^        _^^       . 

Metallographische     Forschungen     im     Giessereiwesen.*      J.     P.     Arend.      (50)      Apr. 

26,   1917.  ^^^      ^     .   ,   V.      •      • 

Lose  Blatter  aus  der  Geschichte  des  Eisens.*      Otto  Vogel.      (SO)      Serial  beginning 

Apr.   26,   1917.  „^      ,,        ^_     ,-^_ 

Die  Entwicklung  der  Thomasschlackenmiihlen.*      K.   Rech.      (50)      May  17,   1917- 
Beitrage     iiber    die    Verhiittung    der     Siegerlander     Rostspate    im    Hochofenbetrieb. 

R.  Cordes.      (SO)      May  24,  1917.  ^      .     i.     v.      • 

Ueber    den    Einfluss    des    Silizuims    und    der    Gluhdauer    auf    die    mechanisch-physi- 

kalischen     Eigenschaften    des    schmiedbaren     Gusses.*      E.    Leuenberger.      (50) 

Serial  beginning  May   31.    1917.  ..m- 

Ueber  den  Koksverbrauch  im  Hochofen.     Oskar  Simmersbach.     (50)     June  14,  1917. 

*  Illustrated. 
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Umsetzeu   von  Hochofen.*      Oskar  Simiiiersbach.      (50)      June  21,   1917. 

Die    Harte   der    technisch    wichtigstea    Legierungen.*      P.    Ludwik.      (48)      June    30, 

1917. 
Die   mannigfactie  und   vielgestaltige  Anwendung  des  elektrischen   Antriebes  bei  den 

wictitigsten     Hebe-und     Transportvorrichtungen     im     Stahlwerk.      Wintermeyer. 

(48)      Serial  beginning  Aug.  4,  1917. 
Stripperkrane.*     Martell.      (48)      Aug.   25,   1917. 

Military. 

Engineer   Construction   in   France.*     J.   A.   Woodruff.      (100)      Jan. -Feb. 

Three  Bridges  in  Palestine  Built  by  Canadians.*      A.   P.   Linton.      (96)      Feb.   26. 

The  Work  of   the  Construction   Division  of   the   United   States  Army   from   Coast  to 

Coast,    1917-1919.*      E.    B.    Morden.      (2)      Mar. 
Military  Mining  in  France.*     Alfred   H.   Brooks.      (16)      Mar.   6. 
The   Work    of    a    Sanitary    Section    with    the    B.    B.    F.,    France.*     Osmond    Cattlin. 

(114)      Mar.   13. 
Die    Herstellung    von    Geschosshiillen    in    amerikanischen    und    kanadischen    Werk- 

statten.*      (SO)      June  8,   1916. 
Die  Herstellung  von  Graugussgranaten  in  franzosischen  Giessereien.*     Fr.  Westhoff. 

(50)      July  27,  1916. 
Ballistik ;     die    mechanischen    Grundlagen    der    Lehre    vom     Schuss.*     H.    Lorenz. 

(48)      Serial  beginning  July  29,  1916. 
Selbstladegewehre.*      Polster.      (48)      Serial  beginning  Sept.  30,  1916. 
Die    Wirkung    der    schweren     Geschiitze    der     Schiffsartillerie.*      Hermann     Narath. 

(48)      Feb.   24,    1917. 
Verwendung    von    Kriegsgefangenen    1870/71    und    1866.      Arnold    Woltmann.      (50) 

June   21,   1917. 

Mining. 

Elko    Prince   Mine   and    Mill.*      J.    U.    N.    Dorr   and    L.    D.    Dougau.      (56)      Vol.    60, 

1919. 
Prevention    of    Illness   Among    Employees    in    Mines.      A.    J.    Lanza.      (56)      Vol.    60, 

1919. 
The  Applications  of  Ferro-Concrete  in   Mines.*      (106)      Feb. 
A  Lecture  on   Miners'   Nystagmus.      T.   Lister  Llewellyn.      (106)      Feb. 
Electricity  in  Tin  Mining.*      D.  M.  W.  Hutchison  and  W.  J.  Wayte.      (77)      Feb. 
Lighting    Conditions    in    Mines.*      T.    Lister    Llewellyn.      (Abstract    of    paper    read 

before   Illuminating   Eng.    Soc.)       (22)      Feb.    27. 
Use  of  Magnesia  Cement  as  a  Protection  for  Timbers.     W.  C.  Phalen.      (For  Mines.) 

(117)      Mar. 
Blasting  Concrete.*      S.   R.   Russel.      (67)      Mar. 
Installation    of    a    Shaft   Cable    at   Kirkby    Colliery.*     Joseph    Bircumshaw.      (Paper 

read  before  Midland  Counties   Inst,  of  Engrs.)       (22)    Mar.  5;    (57)    Mar.  5. 
Military  Mining   in    France.*      Alfred   H.    Brooks.      (16)      Mar.   6. 
Recovery  of  Caved  Slopes.*      Douglas  La.      (16)      Mar.  6. 
Failure  of   Mine  Timbers.*      George   J.   Young.      (16)      Mar.   6. 
Simultaneously    Working    the    Superimposed    Coal    Beds    of    Virginia.*      Donald    J. 

Baker       (45)      Mar     XI 
How   an    Anthracite    Breaker   Was   Remodeled.*      Dever   C.    Ashmead.      (45)      Serial 

beginning  Mar.  11. 
Electric    Winding    Engines    and    Mine    Hoists.*      H.    H.     Broughton.      (73)      Serial 

beginning  Mar.    12. 
Thawing  Frozen  Gravel  with  Cold  Water.*      Walter  S.  Weeks.      (For  Mines.)      (103) 

Mar.  13. 
Electric  Service   in   Illinois  Coal  Mine.*      H.   W.   Bales.      (27)      Mar.   20. 
Oil  Well   Pumping  Methods   and   Equipment.*      Seth   S.   Langley.      (16)      Mar.   27. 

Miscellaneous. 

Scientific  Basis  for  Cost  Accounting.      G.   Charter  Harrison.      (9)      Mar. 

Fixed-Fee   Contract    for   Building   Construction.      F.   A.    Wells.      (Paper    read   before 

Associated  General  Contractors  of  America.)       (117)      Mar. 
Owner  Protection   in   Building  Construction.*      F.  A.  Wells.      (67)      Mar. 
Contract  Clauses  Which  Disregard  the  Square  Deal.      F.  J.  Herlihy.      (13)      Mar.  4. 
Ethyl   Alcohol   from  Coke  Oven   Gas.      (24)      Mar.   6. 
The   Distillation   of   Shale-Oil.      James  A.   Bishop.      (103)      Mar.   13. 
Commercial    Development    of    Fused    Silica.*     John    Scharl    and    Wallace    Savage, 

(105)      Mar.  31. 
Essai     d'Application     du     SystSme     Taylor     dans     un     grand     Etablissement     d  Etat. 

(Poudrerie    du    Ripault).*      E.    Nusbaumer.      (92)      May-June,    1919. 
Pratique  de   la  Reorganisation   Administrative  des  Enterprises    Industrielles.*      Paul 

Lecler.      (92)      May-June,  1919. 
Die  Vertrage  mit  Angehorigen   des   feindlichen  Auslandes.*      Fuld.      (50)      May   11, 

1916. 


*  Illustrated. 
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Deutschlands       Steinkohlenvorkomnien       mit       besonderer       Beriicksichtigung       der 

Kokskohlen.*      Oskar    Simmersbach.      (50)      Serial    beginning    Sept.     14,    1916. 
Die  Rechtsentwicklung  auf  dem  Gebiete  des  Gewerbe-,  Handels-,  Nachbar-,  Verkehrs- 

und  Wasserrechts  der  Grossindustrie  in  den  Jahren   1914  und   1915.      Schmidt- 

Ernsthausen.      (50)      Serial  beginning  Oct.   5,   1916. 
Bedeutung    und    Ausbau    der    Unterkuuftsfiirsorge    fiir    alleinstehende    Berg-    und 

Huttenarbeiter.      Friederich    Raefler.      (SO)      Oct.    19,    1916. 
Die     Zusammenhange     zwischen     Mathematik    und     Technik     und     die     Prage     ihrer 

Weltereutwicklung.      Conrad   Miiller.      (48)      Oct.   21,   1916. 
Werner  von   Siemens  und  die  Eisenindustrie.      Otto   Vogel.      (50)      Serial   beginning 

Dec.    14,   1916. 
Werner  Siemens  aus  Anlass  der   lOOsten  Wiederkehr  seines  Geburtstages.*      Conrad 

Matschoss.      (48)      Dec.  16,  1916. 
Die     Friedensziele     der    deutschen     Industrie     und     des    deutschen     Ausfuhrhandels. 

W.  Beumer.      (50)      Dec.  21,   1916. 
Die   spezifische   Warme   C  p   der   Luft   bei    60°    und    1    bis    300    at.      L.    Holborn    and 

M.  Jakob.      (48)      Feb.  17,  1917. 
Auslandswahrung     und     Inlandsteuerung.      Walter    v.     Caron-Eldingen.      (50)      Apr. 

5,  1917. 
Zum  Warenumsatzstempelgesetz.      K.  Dittmar.      (50)      Apr.   12,   1917. 
Die   Anspriiche   Deutscher  gegen    Amerikaner    im   Kriegsfalle.      Ludwig    Fuld.      (50) 

Apr.  19,  1917. 
Zur  Ausbildung  von  weiblichen  Hiilfskraften   in  der   Industrie.*      F.    Ludwig.      (48) 

May  12.  1917. 
Die  Rohstoffbezugsvertrage  der  deutschen  Eisenindustrie  mit  Angehorigen  feindlicher 

Staaten.      Ludwig  Fuld.      (50)      .Tune  7,   1917. 
Normaltemperatur  und   Gebrauchstemperatur.      Plato.      (48)      June   16,    1917. 
Normaltemperatur   und   Gebrauchstemperatur.      J.    Reindl.      (48)      Aug.    11,    1917. 
Ingenieur  und  oflentliches  Leben.     A.  v.  Rieppel.      (48)      Dec.   15,   1917. 

Municipal. 

The   Water   Distribution    System    of    Industrial    Housing   Projects    for    Shipbuilders.* 
William  H.  C.  Ramsey.      (59)      Mar. 

Railroads. 

Modem  Tendencies  in  Roundhouse  Design.*      Exum  M.  Haas.      (41      Nov.,  1919. 
Preparation  of  the  Locomotive  at  Engine-Houses  and  Shops  and  Its  Relation  to  Fuel 

Economies.      Leslie   R.   Pyle.      (61)      Jan. 
The    Calculation    of    Track    Pressure    Drop    and    Track    Losses    on    Direct    Current 

Electric  Railways.*      F.   F.   P.  Bisacre.      (73)      Serial  beginning  Feb.  20. 
The    Last    Stand    of    the    Reciprocating    Steam    Engine.*      A.    H.    Armstrong.      (42) 

Mar. 
Automatic   Railway    Substations.*      Frank  W.   Peters.      (42)      Mar. 
Short-Circuit  Protection   for  Direct-Current  Sub-Stations.*     J.  J.   Linebaugh.      (42) 

Mar. 
Some  Notes  on  the  Pneumatic  Tie  Tamper.*      W.  H.   Armstrong.      (87)      Mar  . 
New  0-6-2  Type  Tank  Locomotives  for  the  Taff  Vale  .Railway.*      (21)      Mar. 
Paint  Pipe  Lines   in  a  Cuban   Car  Shop.*      J.  P.  Risque.      (25)      Mar. 
Modernizing   Freight   Car   Repair   Facilities.*      Gustave   E.    Leramerich.      (25)      Mar. 
Advantages    of    Stoker    Fired    Locomotives.*      D.    F.    Crawford.      (Abstract   of    paper 

read  before  Ry.  Club  of  Pittsburgh.)       (25)   Mar.;    (15)   Mar.  5. 
Riveting  Locomotive  Fireboxes.*      (21)      Mar. 
The  Trans-Sahara  Railroad.*      (19)      Mar. 
Sequence    of    Notes    for    and    Calculation    of    Cross-Section.*      O.    G.    Bunsen.      (13) 

Heavy  Construction  on  San  Diego  and  Arizona  Railway.*      (13)      Mar.  4. 

New  York  Central  Railroad  Accommodates  Itself  to  Construction  of  Barge  Canal.* 

B.  S.  Voorhees.      (13)      Mar.  11.  ^      ^     .,    .r     -r.,  ,    «  ,.,       /,i. 

Twenty    Years    of    Reinforced-Concrete    Railway   Ties.*     Cyril    H.    Wakefield.      (13) 

Mar.  11. 
New  Engine  Terminal   for   Lehigh  Valley  Railroad.*      (13)      Mar.   11. 
Motorized   Freight  Transfer  Cuts   Terminal   Costs.*      (13)      Mar.    11. 
Resurveys  of  Old  Railway  Lines.*      J.  G.  Wetherell.      (13)      Mar.  18. 
Location   and   Structures  of   a   Heavy  Industrial   Railway.*      (13)      Mar.   25. 
A  Terminal  Built  for  Special  Operating  Conditions.*      (15)      Mar.  26. 
New  Electric  Cars  Built  for  British  Line.*      Frederick  C.  Coleman.      (25)      Apr. 
Pennsylvania  Decapod  Shows  High  Economy.*      (25)      Apr. 
Systeme  d'Eclairage  Electrique  des  Trains,  des  Ateliers  de  Construction  d  Oerlikon.* 

(33)      Feb.  7. 
Les     Mesures     Graphiques     des     Actions     Dynamlques     Periodiques     au     Moyen     du 

"Dvnametre".*      L.  Schliissel.      (33)      Feb.  7. 
L'Electriflcation  des  Chemins  de  Fer  aux  Etats-Unis  :  Rapport  de  M.  Maudint  sur  la 

Visite  d'une  Mission  d'Etudes.*      (33)      Feb.  7. 

*  Illustrated. 
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Railroads — (Continued). 

L'Electrification    des   Chemins  de   Fer   aux   Etats-Unis   et   la    Protection    des    Lignes 

Telegraphiques  et  Telephoniques.      {33)      Feb.   14. 
L'Utiiisation   Rationnelle   des   Forces   Naturelles,    Moteurs   a   Explosion   S,   Rendement 

Eleve    et    Dispositifs    Ameliorant    le    Rendement    des    Locomotives    a.    Vapeur.* 

L.  Pierre-Guedon.      (33)      Feb.   14. 
Neuere  Motorlokomotiven.*      W.    Schwarz.      (48)      May   13,    1916. 
Neue    Sicherheits-Wagevorrlchtungen.*      Darmstadter.      (48)      June    3,    1916. 
Der      gegenwartige      Stand      der      Erzeugung      von      Hartgusswagenradern.*      Karl 

Irresberger.      (SO)      June  29,  1916. 
Ucbersicht     iiber    die     seitherigen    Bestrebungen     und     Mittel     zur     Verhiitung    des 

Schienenwanderns.*     Wilhelm    Klutmann.      (50)      Serial    beginning    Aug.     24, 

1916. 
Verhoop-Steuerung   fiir   Dampflokomotiven.*     Ericson.      (48)      Sept.    2,    1916. 
Flusseisenbleche  fiir  Lokomotivfeuerbilchsen.*      Kittel.      (48)      Sept.   9,   1916. 
Offene  Giiterwagen  mit  Selbstenladeeinrlchtung.      Wilh.  Josch.     (50)     Dec.   14,   1916. 
Eiserne  Personenwagen   in   Deutschland.*      W.   Rudolph.      (50)      Jan.   4,    1917. 
Untersuchungsverfahren      fiir      Schwingensteuerungen      an      Lokomotiven.*      Sanzin. 

(48)      Feb.  17,  1917. 
1  C  1-Personenzug-Heissdampflokomotive    der    Brasilianische    Zentralbahn.*      Ludwig 

Schneider.      (48)      Mar.  31,  1917. 
Herstellung  von  Eisenbahnwagen-Radsatzen.     Otto  Jacken.      (48)      Serial  beginning 

May  5,   1917. 
Beanspruchung     eines     Lokomotivzylinderdeckels     mit     iiber     die     Dichtflache     frei 

hinausragendem    Schraubenflansch.*      Huldr.    Keller.      (48)      June    23,    1917. 
Neue    Bauart    von     Schnellzuglokomotiven     mit     zwei    getrennten     Triebwerken     fiir 

besonders   grosse    Leistung.*      R.    Sanzin.      (48)      Aug.    16,    1919. 

Railroads,   Street. 

Passengers  and  Freight  Carried  More  Cheaply  by  Motor  Transport  Than  by  Railway.* 

Kenneth  Q.  Volk.      (13)      Mar.  18. 
Overhead  Practice  and  Experience  in  Atlanta.*      (17)      Mar.  20. 

Track    Construction    from    the    Paving    Maintenance    Standpoint.*      (17)      Mar.    20. 
Maintenance    Practice    of   the   Anglo-Argentine   Tramway.*      R.    Francisco    Apeseche. 

(17)      Serial  beginning  Mar.  20.  j    .       t-  •  * 

Die  grossen  Verkehrsaufgaben  Berlins  und  ihre  Durchfiihrung  wahrend  des  Krieges.* 

F.   Krause.      (48)      Mar.   17,   1917. 

Roads  and  Pavements. 

Wood   Block   Paving.*      Walter  Buehler.      (4)      Feb. 

Concrete   Road  Construction   in   Nebraska.*      A.   S.   Mirick.      (36)      Feb. 

A  Few  Notes  on  Road  Maintenance  with  Special  Reference  to  Devonshire.*      W.   P. 

Robinson.      (114)      Feb.    28. 
Surface    Treatments   on    Macadam    and    Gravel.*      Philip    P.    Sharpies.      (Paper   read 

before  Am.   Road  Builders'  Assoc.)       (60)    Mar.  ;    (86)    Mar.  3. 
Use  of  Labor-Saving  Devices  on  Highway  Construction.      Richard  Hopkins.      (Paper 

read   before  Am.   Road   Builders'   Assoc.)       (60)      Mar. 
Making   Payments   on   Road   Construction   Contracts.      C.   Coykendall.      (60)      Mar. 
Procedure   in   the  Construction   of   Bituminous   Macadam   Roadways.*      J.   E.    Penny- 
backer.      (Paper  read  before  Am.  Road  Builders'  Assoc.)       (60)      Mar. 
Laboratory    Tests    of    Granite    Paving    Block    and    Suggested    Specification.     F.    H. 

Jackson.       (86)      Mar.    3.  .  ^„^^      ,, 

Equipment   for   Concrete   Road    Construction.*      B.    H.    Piepmeier.      (86)      Mar.    3 
Fundamental    Considerations    for   Concrete   Pavement   Design.*      S.    T.    Morse.      (86) 

Mar    3 
Proper  Methods  and  Bad  Practices  in  Bituminous  Concrete  Construction.      Theodore 

S.   Oxholm.      (Abstract  of  paper  read  before  Am.  Road  Builders'  Assoc.)       (86) 

Recent    Developments   in   Brick   Paving   Practice.      M.    B.    Greenough.      (From   paper 
read  before  Am.  Road  Builders'  Assoc.)       (86)      Mar.  3.  „      r^,        ^.      . 

Relation    of    Highways    to    Motor    Truck    Operating    Cost.     Arthur    H      Blanchard. 
(From    paper    read    before    National    Highway    Traffic    Assoc.)       (86)    Mar.    3 
(96)    Mar.   4.  ,    ._   ^  .  c    r^   ^     ■      r       ^ 

Highway   Drainage.      U.   W.    Christie.      (Paper   read   before   Assoc,    of   Ontario    Land 
Surveyors.)       (96)      Mar.    4.  ,         „      ,       „       , 

All    Sand    Aggregate    for    Concrete    in    Middle    Western    Roads.      T.     L.    Brockway. 
(Abstract  of  paper  read  before  Am.  Soc.  of  Municipal  Impvts.)       (13)      Mar.  18. 

Drainage  in  Road  Construction.     G.  R.  Marston.      (Paper  read  before  County  Engrs. 
and   Road   Supts.   of  Ontario.)       (96)      Mar.   18.  , ,      ,, 

Value  of  Top  Soil  as  Base  for  Modern  Highways.      D.  S.  Humphreys.     (13)    Mar.  18. 

Sanitation. 

Development  of  Activated   Sludge  Process  at  Manchester.  England.      (Excerpts  from 
Report  of  Manchester  Rivers  Dept.)       (96)      iFeb.  26. 

•  Illustrated. 
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Sanitation — (Continued) . 

Rules   for   the  Operation   of   Sewage   Treatment  Plants.      H.   R.   Abbott.      (60)      Mar. 
Operating    E.xperiences    with    Imhoff    Sewage    Tanks.*      W.    G.    Kirchoffer.      (Paper 

read  before  Illinois  Soc.  of  Engrs.)       (60)      Mar. 
Sewer   System   and   Treatment   of   "Works   at   Port    Sheridan.      H.    R.    Abbott.      (From 

Illinois  Soc.  Engrs.'  Proceedings.)      (117)      Mar. 
.loint  Sewage  Disposal  of  Indiana  Lake  Cities.*      (13)      Mar.  4. 
Design  of  York  Township  Sewerage  System.*      J.  M.  M.  Grelg.      (96)      Mar.  4. 
Storm    Water    Sewer   Construction    at   Hamilton,    Ohio.*      R.    B.    McWhorter.      (From 

Miami  Conservancy  Bulletin.)       (86)      Mar.  10. 
The    Work    of    a    Sanitary    Section    with    the    B.    E.    F.,    France.     Osmond    Cattlin. 

(114)      Mar.   13. 
Die   Prufstelle   fiir   Ersatzglieder    in   Charlottenburg.*      (48)      Apr.    1,    1916. 
Werkstatten  fiir  Kriegsbeschadigte.*     Beckmann.      (48)      Apr.  8,   1916. 
Priif  stelle  fiir  Ersatzglieder  in  Charlottenburg :   Die  Normalisierung  der  Schrauben- 

gewinde     und     der     Befestigungszapfen      der     Ansatzstiicke.*        Leymann     und 

Schlesinger.      (48)      June  3,   1916. 
Der  Priifstelle  fur  Ersatzglieder  in   Charlottenburg  :   Allgemeine  Grundsatze   fiir  die 

Untersuchung  von  Ersatzarmen.*      (48)      Aug.  12,  1916. 
Das  Zusammenarbeiten  von  Arzt  und  Ingenieur  in  der  Prufstelle  fiir  Ersatzglieder.* 

G.  Schlesinger.      (48)'     Nov.  11,  1916. 
Die    Entwicklung    des    Baues    Kiinstlicher    Hande    und    Arme.*      C.    Barth    und    G. 

Schlesinger.      (48)      Dec.  30,  1916. 
Die       Reibungsgelenke,        ihre       Eigenschaften       und       Konstruktionsbedingungen.* 

G.  Schlesinger  und  C.  Volk.      (48)      Jan.  13,  1917. 
Unterarmhandagen.*      (48)      Jan,   27,   1917. 

Die  Herstellung  der   Keller-Hand.*      G.    Schlesinger.      (48)      Apr.    14,    1917. 
Berufliche    Wiederertiichtigung    der   Kriegsbeschadigten.*      (48)      Apr.    28,    1917. 
Neuzei*liche    Liiftungsanlage    einer    Hotel-Kiiche.*      W.    Dahlheim.      (48)      June    30, 

1917. 
Ueber  den   Gang  mit   Kunstbeinen.*      R.  du   Bois-Reymond.      (48)      Aug.   4,    1917. 
Die      Mitarbeit      des      Ingenieurs      bei      der      Durchbildung      der      Ersatzglieder.* 

G.   Schlesinger.      (48)      Serial  beginning  Sept.   8,   1917. 
Die    Herstellung    der    Berliner    Hand.*      G.    Schlesinger.      (48)      Oct.    20,    1917. 
Die  Aussichten  der  elektrischen  Raumheizung  in  der  Schweiz.      M.  Hottinger.      (107) 

Feb.  7. 

Structural. 

Standards  for  Brass  and  Bronze  Foundries  and  Metal-Finishing  Processes.*     Lillian 

Erskine.      (56)      Vol.   60,    1919. 
Photo-Elastic   and    Strain    Measurements   of    the   Effects    of    Circular   Holes   on   tlie 

Distribution   of   Stress   in   Tension   Members.*      E.   C.   Coker,   K.   C.   Chakko  and 

T.   Satake.      (11)      Serial  beginning  Feb.   20. 
Fixed-Fee   Contract    for   Building   Construction.      F.    A.    Wells.      (Paper   read    before 

Associated   General   Contractors  of  America.)       (117)      Mar. 
Concrete  Facing  Wall  at  Foot  of  High  Cut.*      (117)      Mar. 
Fireproofing   Wooden    Structures    with    Concrete,*      (117)      Mar. 
Concrete    in  Water-Works   Construction  *      A.   C.    Irwin.       (59)       Mar. 
Owner   Protection    in    Building   Construction.*      F.    A.    Wells.      (67)      Mar. 
The    Protection     of    Concrete    Buildings    A,gainst     Damp.*      (From    La    Revue    des 

Materiaux  de  Construction  et   de   Travaux  Publics.)       (67)      Mar. 
The  Use  of  Reinforced  Concrete.      H.  Adams.      (Abstract  of  paper  read  before   Soc. 

of  Archts.)       (21)      Mar. 
Gypsum    Roof    Decks    for    Hydro-Electric    Buildings.*     Curtis    F.    Columbia.      (60) 

Mar. 
Self-Supporting    Chimneys    to    Withstand    Earthquake.*     C.    R.    Weymouth.      (55) 

Mar. 
An  Apparatus  for  Determining  the  Consistency  of  Concrete.*      F.   L.   Roman.      (86) 

Mar.  3. 
Designing    Concrete     Columns    with     Cast-iron     Core.*      W.     H.     Roney,     Jr.      (13) 

Mar.    4. 
Method    of    Protecting    Concrete    in    Zero    Weather    Construction    Operation.*      (86) 

Mar.    17. 
Decay  of   Factory  Roofs  Checked  by  Proper  Heating.*      F.  J.  Hoxie.      (From  paper 

read  before  Am.   Soc.  of  Heating  and  Ventilating  Engrs.)       (13)      Mar.   18. 
Planning    and     Progress    on     a     Big    Construction     Job.*      Charles     Penrose.      (13) 

Serial   beginning  Mar.   18. 
Plastered    or   Concrete    Gun    Types    of    Concrete    Houses.      (From    Committee    Report 

read    before    National    Conference    on     Concrete    House    Construction.)      (86) 

Mar.  24. 
The  Case  of  Initial  Tension.*      R.   Fleming.      (86)      Mar.   24. 
Wind   Bracing  in   the   Steel  Frames  of   OfBce  Buildings.*      W.   M.   Wilson   and   F.   E. 

Richart.      (86)      Mar.    24. 
Concrete-Beam    Diagram    with    Top    and    Bottom    Steel.*      Arthur   G.    Hayden.      (13) 

Mar.  25. 

•  Illustrated. 
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Structural — (Continued). 

Festigkeit  von  Asbest  bei  hoherer  Temperatur.*      Fritz  Bayer.     (48)     June  24,  1916. 
Berechnung    des    Kleinsten    Tragheitsmomentes    der    hierunter    dargestellten    Saulen- 

profile.*      J.   Schmidt.      (48)      Aug.   12,  1916. 
Der    Kornungsgrad    und    die    physikalischtechnischen    Eigenschaften    der    Metalle.* 

J.  Czochralski.      (50)      Sept.  7,  1916. 
Versuche    zur    Klarstellung    der    Wirkungsweise    der    Umschniirung    bei    Eisenbeton- 

saulen.*      M.  Rudeloff.      (48)      Oct.   7,   1916. 
Zur  Abhangigkeit   der   Bruchdehnung  flusseiserner   Kesselbleche   von   der   Messlange. 

C.  Bach  und  R.  Baumann.      (48)      Oct.  14,  1916. 
Breitflanschige     und     parallelflanschige     I-Eisen.     Richard     Sonntag.      (48)      Serial 

beginning  Oct.    28,   1916. 
Die   Normalproflle  fiir   Formeisen,   ihre  Bntwicklung  und  Weiterbildung.      H.   Fisch- 

mann.      (50)      Serial   beginning   Jan.   4,    1917. 
Das    elektrolytische    Verfahren    zur    Verhiitung    der    Zerfressungen    von    Metallen.* 

Janzen.      (48)      Feb.   17,   1917. 
Beziehungen   zwischen    Druckfestigkeit   und   Biegungsfestigkeit.*     H.   Kayser.      (48) 

Serial   beginning  Feb.   3,    1917. 
Beitrag  zur  Kenntnis  der  Hochofenschlacken.*     W.  Harnickell  und  R.  Durrer.      (50) 

Mar.    8,    1917. 
Zum    Einfluss    der    Stabform    auf    die    Ergebnisse    der    Zugversuche    mit    Metallen.* 

M.  Rudeloff.      (50)      Serial  beginning  Apr.  5,  1917. 
Ueber     den     Einfluss     des     Siliziums    und     der     Gliihdauer     auf     die     mechanisch- 

phvsikalischen  Eigenschaften  des  schmiedbaren  Gusses.*    E.  Leuenberger.     (SO) 

Serial  beginning  May  31,   1917. 
Asbestisolierung.*      Fritz    Bayer.      (48)      Serial   beginning   June    9,    1917. 
Formiinderungsversuche      mit     breit-und      parallelflanschigen      I-Eisen      auf      Grund 

vergleichender    statischer    Untersuchungen    von    breit-     und     schmalflanschigen 

I-Eisen.      Richard    Sonntag.      (48)      Serial    beginning   July    7,    1917. 
Ersatz  fiir  Eisenbauten.*      Karl  Bernhard.      (48)      July  14,   1917. 
Stiitzdruckschwankungen     beim     Befahren     von     Plattformen     durch     Lastenziige.* 

P.    Krell.      (48)      July   28,    1917. 

Topographical. 

The  Airplane  in   Surveying  and  Mapping.      E.   Lester  Jones.      (100)      Jan. -Feb. 
Resurveys  of  Old  Railway   Lines.*      J.   G.  Wetherell.      (13)      Mar.   18. 

Water  Supply. 

Maximum  Rates  of  Precipitation  at  Boston  for  Various  Frequencies  of  Occurrence.* 

Harrison   P.   Eddy.      (109)      Feb. 
Concrete    in    Water- Works    Construction.*      A.    C.    Irwin.      (59)      Mar. 
Javellization.      (59)      Mar.  . 

Notes  on   Experiences  with  the  Presumptive  and  Confirmatory  Tests  for  B.   Coh   in 

Water  Analysis  for  the  American   Expeditionary  Forces.*     Max   Levine.      (59) 

A  Water'  Supply  of  the  Service  of  Supplies,  A.  E.  F.*     Jack  J.  Hinman,  Jr.      (59) 

Mar.  . ,  ,  ^    TT 

Temporary  Contamination  of  a  Deep  Well  Supply  at  Montgomery,  Alabama.     G.  H. 

HazOTurst.      (59)      Mar.  .  »,.     r.  .. 

Method  of  Metering  the  Water  Supplied  to  the  Five  Distribution  Systems  of  the  City 

of   Newark.    N.   J.*      George   Sanzenbacher.      (59)      Mar. 
Air    Lift   Pumping   and    Water   Purification.*      John    Oliphant.      (59)      Mar. 
Air   Lift   Pumps.      Chas.   J.   Deem.      (59)      Mar.  .     ,      ,        ^^-  ^    ■,, 

The   Water   Distribution    System    of    Industrial    Housing   Projects   for   Shipbuilders.* 

William  H.  C.  Ramsey.      (59)      Mar. 
Substitutes   for  Lead   in   Joints.      Thomas   Healy.      (59)      Mar. 
Water- Works   for   Fire    Protection.      H.    F.    Blomquist.      (59)      Mar. 
Fontana    Power-Irrigation    Development.*      C.    H.    Tallant.      (Ill)      Mar.    1. 
Some  Notes  on   California  Rainfall.*      C.  E.   Grunsky.      (Ill)      Mar    1 
Muscle  Shoals  Hydro-Electric  Development.*      Chester  H.  Jones.  ^  ('05)      Mar.  6. 
Impounding   Reservoir   for   Water    Supply   of   Oklahoma   City  *      (13)      Mar.    4. 
Design  Details  and   Field  Methods  on  Thin   Arch   Dam.*      (13)      Mar.  4. 
The  Record  of  100  Dam  Failures.*      Lars  Jorgensen.      (Ill)      Mar.  15.         . .  ,    , - 
Conserving  the  Water  Table  in  Electric  Pumping.*      Chas.  H.  Lee.      (Ill)    Mar    15. 
Water    for    Shipyard     Drinking    Fountain     Treated    by    Violet    Rays.*      Walter     L. 

Decker.      (13)      Mar.   18. 
Flood-Protection  Reservoir  for  Decorah,   Iowa  *      (13)      Mar    l» 

Hydro-Electric  Development   at   St.   Jerome,   Que.*^    L.   A    Wright.      (96)      Mar.   18. 
Pond-Level  Control  for  Hydro  Plants.*      Earl  Stafford.      (27)      Mar.  20. 
Utilite    et    Applications    de    la    Mesure    des     Precipitations    Atmosphenque.*      Paul 

Tube^cll'' PifoT'ln'tegrSur   pour  "^la    Mesure    de    la   Vitesse    Moyenne    des    Courants 
Variables.*      (33)      Weh.   14.  


*  Illustrated. 
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Water  Supply-r-(Continued). 

Das     hydraulische     Akkumlierwcrk     in     Neckartenzlingen.*       R.     Thomann.       (48) 

Serial  beginning  Apr.  15,  1916. 
Die  Bedeutung  erweiterter  Mundstiicke  bei  Rohrleitungen  welche  "Wasser  dicht  unter 

dem     Niedrigwasserstand    offener    Belialter    entnehmen    das    zulassige    Gefalle 

solche   Rohranlagen.*      Winkel.      (48)      Apr.    29,    1916. 
Das  Wasserkraft-Elektrizitatswerk  der  Papelera  Espanola  am  Gandara  in  Spanien.* 

Otto  Mohr  und  Gg.  von  Troeltsch.      (48)      Serial  beginning  May  6,   1916. 
Gleichgewichtsbedingungen     fiir     Flussigkeitsstromungen     in     geraden     Leitungen.* 

Rudolf  Camerer.      (48)      Nov.   4,    1916. 
Hohler  Eisenbeton-Staudamm  mit  selbsttatigem  Ueberfall-Klappenwehr.*      O.  Sommer. 

(48)      Nov.   18,   1916. 
Neuere  Wasserturbinenanlagen  in  Deutschland.*     V.  Graf.      (48)      Serial  beginning 

Jan.   6,   1917. 
Spiegelschwingungen  in  Turbinen-Triebkanalen.*    Eugen  Feifel.     (48)     Serial  begin- 
ning Jan.   20,   1917. 
Ueber    selbsttatige    Abflussregulierungen    bei    Wasserkraftanlagen    und    Stauanlagen 

mit  wechselndem  Gefalle.*      E.  Treiber.      (48)      Serial  beginning  Feb.   17,  1917. 
Hochstausnutzung   der    Gefalle    mit    Kleinstem    Aufwand    bei    Erschliessung   unserer 

Niederdruekwasserkrafte ;    ihr    Einfluss    auf    die    wirtschaftlichen    Verhaltnisse 

Bayerns    und    auf    die    Unabhangigkeit    des    Reiches    vom    Auslande.*     Johann 

Hallinger.      (48)      Serial  beginning  Mar.  3,  1917. 
Gleichgewichtsbedingungen     fiir     Flussigkeitsstromungen     in     geraden     Leitungen.* 

D.   Thoma.      (48)      May  5,   1917. 
Berechnung  von  Ausfluss-  und  Ueberfallzahlen.*     R.  v.  Mises.      (48)      Serial  begin- 
ning May  26,  1917. 
Die    versuchsmassige    Bestimmung    der    Ausflusszahlen    von    Ponceletoftnungen    fiir 

Wasser    und    Kochsalzlosungen    und    Erorterung    des    inneren    Zusammenhanges 

dieser  Zahlen.*     Adolf  Schneider.      (48)      June  23,   1917. 
Versuche  iiber  Stromungen  in  stark  erv/eiterten  Kanalen.*     Richard  Kroner.      (48) 

Serial  beginning  July  21,  1917. 
Diisencharakterlstik.*      Gustav   Flugel.      (48)      Aug.  4,  1917. 

Waterways. 

Construction    of    Lock    D,    Cumberland    River.*      Rufus    W.    Pafford.      (100)      Jan.- 

Feb. 
Surges  in  Gaillard  Cut  from  Lockages  at  Pedro  Miguel,  Panama  Canal.*     R.  Z.  Kirk- 

patrick  and  H.  G.  Cornthwaite.      (100)      Jan. -Feb. 
Moving  Earth   with   Steam   Shovel   and   Hydraulic   Giants.      (117)      Mar. 
The  Lake  Spalding  Dam.*      1.   G.   Steel.      (117)      Mar. 
Method    of    Estimating    Backwater    on    a    River.*     Albion    Davis.      (From    Stone    d 

Webster  Journal.)      (86)      Mar.  10. 
"Plastic   Fill"   Method   of    Embankment   Construction.*      (From   Miami    Conservancy 

Bvlletin.)      (86)      Mar.   17. 
Flexible  Rafts  Protect  River  Banks  from  Cutting.*      (15)      Mar.  19. 
Stationary    Concreting    Plant    for    Constructing    1  036    Ft.    River   Wall    at    Dayton.* 

(From   Miami    Conservancy   Bulletin.)       (86)      Mar.    24. 
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By  Allen  Hazen,*  M.  Am.  Soc.  C.  E. 
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Synopsis. 

The  hydraulic  method  of  dam  construction  has  great  advantages, 
but  too  many  dams  built  by  it  have  failed. 

As  often  built,  the  center  of  the  dam  is  composed  of  a  clay  core 
completely  water-tight  but  very  wet  as  a  result  of  the  method  of  con- 
struction, and  so  completely  water-tight  that  it  is  incapable  of  permit- 
ting its  own  drainage. 

This  soft  core  in  the  center  of  the  dam  exerts  the  pressure  of  a 
liquid  of  high  specific  gravity  upon  the  toes  and  tends  to  push  them  out. 
This  pressure  seems  to  have  been  responsible  for  most  of  the  failures 
of  hydraulic-fill  dams. 

The  method  of  placing  the  core  commonly  used  results  in  an  exceed- 
ingly fine-grained  material,  desirable  from  the  standpoint  of  a  water- 
tight dam;  but  it  may  be  that  extreme  tightness  is  secured  at  the 
expense  of  stability. 

To  use  the  hydraulic  method  of  dam  construction  successfully,  it  is 
necessary  either  to  increase  the  toes  until  they  are  large  and  heavy 
enough  successfully  to  resist  the  full  fluid  pressure  of  the  core,  or  else 

Note. — These  papers  are  issued  before  the  date  set  for  presentation  and  discus- 
sion. Correspondence  Is  invited  from  those  who  cannot  be  present  at  the  meeting, 
and  may  be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will 
be  published  In  a  subsequent  number  of  Proceedings,  and,  when  finally  closed,  the 
papers,  with  discussion  in  full,  will  be  published  in   Transactions. 

*  New  York  City. 
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to  handle  the  core  material  so  that  the  finest  particles  are  wasted, 
leaving  only  the  larger  ones,  and  in  that  way  increasing  the  grain  size 
to  a  point  where  drainage  can  be  secured,  while  on  the  other  hand 
remaining  sufficiently  impervious  for  practical  purposes. 

Methods  of  testing  are  described  and  an  effort  is  made  to  analyze 
the  conditions  of  stability. 


The  hydraulic-fill  method  of  dam  construction  grew  out  of  hydraulic 
mining.  It  was  natural  that  a  process  conspicuously  successful  in 
mining  on  an  enormous  scale,  and  that  moved  material  at  very  low 
unit  costs,  should  find  other  applications. 

The  late  James  D.  Schuyler  and  J.  M.  Howells,  Members,  Am. 
Soc.  C.  E.,  were  pioneers  in  the  application  of  hydraulic  methods  to 
dam  construction.  Mr.  Schuyler  presented  a  paper*  to  the  Society  in 
1906  setting  forth  in  a  most  admirable  way  the  peculiarities  of  the 
method  and  its  application  to  actual  dams. 

The  method  is  certain  to  have  an  important  place  in  future  dam 
construction.  It  has  two  fundamental  advantages:  First,  in  sorting 
out  the  fine  particles  and  placing  them  in  the  center  of  the  dam,  thus 
insuring  complete  water-tightness;  and  second,  in  the  use  of  power  in 
place  of  muscle  to  the  greatest  extent,  so  that  the  labor  cost  and  the 
animal  cost  of  construction  are  reduced  to  a  minimum. 

It  is  sometimes  possible  to  place  material  by  the  hydraulic  process 
at  much  smaller  cost  than  by  any  other  method. 

On  the  other  hand,  several  hydraulic  dams  have  not  proved  to  be 
stable.  Failures,  usually  during  construction,  have  caused  great  losses, 
and  their  occurrence  has  been  discouraging. 

There  may  have  been  more  than  one  cause  of  failure,  but  one  cause 
has  certainly  predominated.  In  the  interior  of  the  dams  there  have 
been  masses  of  clay  and  other  fine-grained  material,  that  have  not 
consolidated  to  the  point  of  stability.  Instead  of  forming  an  integral 
part  of  a  solid  dam,  these  have  remained  in  almost  liquid  form,  dividing 
the  dams  and  tending  to  disrupt  them.  In  this  respect,  hydraulic-fill 
dams  are  on  a  different  basis  from  other  earth  dams. 

If  the  hydraulic  method  of  dam  construction  is  to  be  successfully 
used,  this  element  of  weakness  must  be  eliminated. 

*  Transactions,  Am.    Soc.   C.    E.,    Vol.    LVIII,   p.    196. 
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There  seem  to  be  two  promising  ways  of  eliminating  it.  The  first 
and  most  natural  one  is  to  increase  the  size  of  the  dam  until  the  solid 
parts  forming  the  toes  are  amply  strong  to  resist  the  full  fluid  pressure 
of  the  unstable  core.  The  second  consists  in  selecting  material  and 
handling  it  in  a  way  to  secure  drainage  and  consolidation  of  the  core, 
so  that  the  whole  dam  will  act  as  one  solid  mass. 

If  core  material  can  be  fully  drained  and  consolidated,  there  is  no 
reason  why  a  dam  built  by  the  hydraulic  method  on  a  section  that  is 
suitable  for  an  earth  dam  built  dry  should  not  be  safe.  If  drainage 
and  consolidation  of  the  core  is  not  secured,  however,  safety  can  only 
be  reached  by  making  each  toe  large  enough  to  stand  the  full  pressure 
of  the  liquid  core,  and  in  that  case,  in  order  to  be  safe,  a  dam  built  by 
the  hydraulic  method  must  have  flatter  slopes  and  a  larger  section  than 
is  otherwise  needed  for  an  earth  dam. 

It  is  interesting  to  note  that  Clemens  Herschel,  Past-President, 
Am.  Soc.  C.  E.,  in  discussing  Mr.  Schuyler's  paper  in  1906,  made  the 
point  that  a  larger  section  would  be  required  for  stability;  Mr.  Schuyler 
took  exception  to  this,  and  stated  that  in  his  experience  there  was  no 
reason  for  building  a  dam  of  greater  dimensions  because  the  material 
was  placed  in  it  by  the  hydraulic  method. 

The  advantages  and  economies  of  the  hydraulic  method  are  such 
that  it  will  often  be  good  business  to  use  it,  even  though  the  required 
volume  of  the  dam  should  be  greater.  If  work  can  be  built  at  half 
the  cost  per  cubic  yard,  twice  as  many  cubic  yards  can  be  placed  for 
the  same  money. 

The  number  of  failures  with  hydraulic-fill  dams  growing  out  of 
this  fundamental  condition  of  fluid  cores  and  inadequate  toes  has 
been  such  as  to  maka  it  clear  that  this  condition  of  instability  has  not 
been  recognized  in  the  designs.  Mr.  Schuyler's  excellent  paper  con- 
tains no  discussion  of  this  point.  Looking  at  it  from  the  standpoint  of 
thirteen  years  afterward,  it  is  easy  to  see  how  this  condition  could 
have  been  overlooked  and  to  see,  also,  how  some  of  the  early  failures 
were  attributed  to  other  causes. 

Now,  however,  enough  experience  has  been  gained  so  that  a  better 
analysis  may  be  made.  To  insure  success  with  future  hydraulic  dams, 
this  analysis  must  be  thorough.  It  is  the  writer's  thought  that  it  will 
be  possible  to  make  it  in  a  way  to  secure  as  high  a  degree  of  safety  in 
hydraulic-fill  dams  as  is  required,  and  is  customary,  in  other  engineer- 
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ing  structures.    It  may  be  that  we  do  not  yet  have  all  the  necessary  data ; 
but,  if  not,  the  best  way  to  find  what  is  lacking  is  by  using  what  we  have. 

Character  of  Core  Material. 
The  first  point  to  be  considered  is  that,  in  many  or  perhaps  most 
hydraulic-fill  dams,  the  core  material  is  so  fine  in  grain  size  that  it  is 
incapable  of  drainage.  By  that  is  meant  that  it  is  incapable  of  drainage 
within  a  reasonable  length  of  time.  The  lower  parts  of  the  core  do  not 
become  stable  before  the  upper  parts  are  placed  upon  them. 


'M      CuDote 

CROSS-SECTION   OF    DAM    NO.  2   AT    NECAXA,   MEXICO. 

SHOWING 

dimensions,  cut-off  trenches  and  theoretical  distribution  of  materials. 
Fig.  1 


V_/ 


TYPICAL   SECTION    OF    HYDRAULIC   FILL 
DAM    DURING    CONSTRUCTION. 

Fig. 2 


ILLUSTRATING    PROPOSED    SECTION   WITH 

NARROW   COARSE-GRAINED  CORE. 

Fig.  3 

In  general,  all  the  material  placed  in  hydraulic-fill  dams  may  be 
divided  into  two  classes,  namely,  toe  material  and  core  material.  Mr. 
Schuyler  presented  a  picture  of  materials  divided  into  several  classes,  the 
coarsest  being  found  at  the  outside  and  the  finest  in  the  middle  (Fig.  1*). 
Practical  experience  does  not  show  that  the  material  is  graded  in  quite 
that  way.  There  is  some  grading  in  the  toes  and  the  average  size  of 
particles  near  points  of  delivery  of  material  near  the  outer  slopes  is 

♦  Fig.   1   is  reproduced  from  Transactions,  Am.  Soc.   C.  B.,  Vol.  LVIII,  p.  243. 
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greater  than  away  from  those  points  and  near  the  core;  but,  practically 
speaking,  this  gradation  is  not  very  important.  Ordinarily,  all  the 
toe  material  is  of  coarse  particles  when  first  placed.  Afterward,  passage 
of  silt-laden  water  from  the  operation  of  hydraulicking  partly  fills 
the  voids  with  fine  material,  but  the  process  stops  itself  before  they 
are  all  filled.  The  toes  readily  drain  and  all  the  stability  naturally 
inherent  in  the  stock  is  obtained. 

The  core  may  be  defined  as  that  part  of  the  dam  deposited  from 
water  in  the  central  pool.  In  the  writer's  experience,  core  material  is 
homogeneous.  At  any  level  there  is  no  appreciable  difference  in  grain 
size  between  the  middle  of  the  core  and  its  farthest  extremities. 

The  principles  determining  the  size  of  particles  deposited  in  the 
core,  or  not  deposited,  are  the  same  as  the  ones  that  apply  in  a  sedi- 
mentation basin  of  a  water-works  plant.  The  larger  the  area  of  the 
pool  in  proportion  to  the  quantity  of  water  that  goes  through  it,  the 
more  complete  will  be  the  subsidence,  and  the  smaller  will  be  the  limit 
of  size  of  particles  retained.* 

Most  hydraulic-fill  dams  have  been  built  with  good-sized  pools  in 
the  center  during  construction  (Fig.  2),  in  which  sedimentation  has  been 
fairly  complete.  The  writer  has  examined  samples  of  the  core  materials 
from  a  number  of  dams.  The  samples  are  rather  surprisingly  alike 
in  grain  size.  They  ordinarily  contain  particles  in  large  quantities 
down  to  a  limit  between  0.001  and  0.002  mm.  (or  sometimes  0.003  mm.) 
in  diameter.  Generally  speaking,  all  smaller  particles  have  been  car- 
ried away  by  the  escaping  water  and  have  not  remained  in  the  core. 

It  should  be  said  that  the  determination  of  the  exact  size  of  these 
small  particles  is  by  no  means  as  precise  as  the  determination  of  the 
size  of  grains  of  filter  sand.  The  results  are  reached  by  the  micro- 
scope with  a  micrometer  and  are  to  be  considered  as  roughly  approxi- 
mate only.  It  has  been  the  intention  to  use  a  basis  as  nearly  as  pos- 
sible comparable  to  that  adopted  for  the  larger  particles  in  sand 
analysis,  which  is  to  use  as  the  diameter  of  any  particle  the  diameter 
of  a  sphere  of  equal  volume.  Following  this  rule  the  width,  rather 
than  the  length,  of  small  particles  is  measured. 

Core  material  then,  as  a  matter  of  observation,  consists  of  particles 
from  this  size  up  to  the  size  of  the  smallest  particles  retained  in  the 

*  "On  Sedimentation,"  by  Allen  Hazen,  M.  Am.  Soc.  C.  E.,  Transactions,  Am. 
Soc.  C.  E.,  Vol.  LIII    (1904),  p.  45. 
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toes.  In  a  general  way,  this  size  may  be  taken  as  0.03  mm.,  or  ten  to 
fifteen  times  as  great  as  the  limit  of  size  of  particles  that  are  retained 
in  the  core. 

Speaking  of  core  materials  in  the  terms  that  are  used  in  describing 
sand,  it  may  be  said  that  the  effective  size  of  core  material  is  ordinarily 
about  0.002  mm.  This  size  is  so  small  that  one  who  is  not  accustomed 
to  microscopic  work  has  little  conception  of  it.  For  comparison,  it 
may  be  stated  that  ordinary  filter  sand  has  an  effective  size  of  from 
0.3  to  0.4  mm.,  while  dune  sand,  being  the  finest  material  usually 
spoken  of  as  sand,  has  effective  sizes  ranging  from  0.15  to  0.20  mm. 

Without  attempting  precision,  and  using  round  figures,  the  core 
material  is  one-hundredth  of  the  size  of  dune  sand.  This  means 
(assuming  that  the  laws  of  flow  and  the  laws  of  capillarity  applying 
to  the  finest  sands  apply  also  to  these  still  finer  materials)  that,  other 
things  being  equal,  the  drainage  of  core  material  will  take  ten  thou- 
sand times  as  long  as  corresponding  drainage  of  fine  sand.  Fine  dune 
sand  would  drain  as  much  in  an  hour  as  core  material  in  a  year.  It 
means,  further,  that  the  height  to  which  water  can  be  held  by  capillarity 
is  ten  thousand  times  as  great  as  the  height  at  which  it  is  held  by  fine 
sand.  If  fine  sand  will  hold  water  by  capillarity  to  a  height  of  an 
inch,  as  it  will,  then  core  material  like  that  shown  by  the  samples  will 
hold  water  by  capillarity  to  much  more  than  the  full  height  of  any  dam. 

The  reason  why  this  core  material  does  not  drain  is  therefore  clear. 
It  seals  itself  up  and  becomes  practically  water-tight. 

With  the  dimensions  existing  in  dams  that  have  been  built,  assum- 
ing that  the  laws  of  flow  known  to  apply  to  the  finest  sands  apply  also 
to  the  still  finer  materials,  it  will  take  years  for  the  excess  of  moisture 
to  drain  out,  as  it  must  do  before  the  solidification  of  the  material  is 
possible. 

As  a  practical  proposition,  drainage  is  not  possible  with  such  fine 
materials.  By  that  is  meant  such  prompt  and  complete  drainage  as 
will  result  in  solidification  during  the  construction  of  the  dam. 

Construction  records  and  samples  show  approximately  what  happens.  ' 
Core  material  of  the  fineness  already  described  goes  down  first  in  the 
form  of  soft  mud  in  which  the  voids  filled  with  water  are  at  least 
70%  of  the  total  volume.    Such  mud  is  very  soft. 

The  percentage  of  voids  furnishes,  on  the  whole,  the  best  index 
of  consolidation  and  stability.     In  itself,  it  is  not  an  adequate  basis  of 
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comparison,  because  different  kinds  of  core  material  may  have  differ- 
ent degrees  of  stillness  with  the  same  percentage  of  voids;  but,  not- 
withstanding this  difference,  the  percentage  of  voids  is  the  best  index 
of  consolidation  so  far  available. 

The  material  when  it  goes  down  contains  70%  of  voids.  Under 
these  conditions,  the  minute  solid  particles  are  held  apart  by  the  water 
contained  between  them,  and  the  passages  tlirough  which  water  can 
pass  are  much  larger  than  they  would  be  with  a  more  compact  arrange- 
ment of  the  same  material.  Water  drains  from  this  material  gradu- 
ally, and  the  material  consolidates. 

The  drainage  may  be  horizontal,  in  which  case  the  surplus  water 
finds  its  way  through  the  core  material  to  the  toes  and  escapes.  There 
is,  however,  a  shorter  way  out,  and  it  appears  probable  that  most  of 
the  drainage  takes  place  vertically.  That  is  to  say,  the  solid  particles 
settle  down  and  consolidate  while  the  water  moves  upward  between 
them  to  the  top.  This  consolidation  takes  place  gradually  at  rates 
depending  on  the  dimensions  of  the  dam  .and  also  on  variations  in  the 
effective  size  of  the  core  material;  for  while  the  writer  considers  all 
this  material  broadly  as  having  an  effective  size  of  0.002  mm.,  there 
are  no  doubt  considerable  variations  in  size  and  permeability. 

Experience  shows  that  consolidation  goes  on  so  that  after  a  period 
of  from  a  few  months  to  two  or  three  years  in  the  ordinary  course  of 
dam  construction,  it  will  have  been  consolidated  to  a  point  where  the 
voids  are  about  50  per  cent.  As  the  consolidation  increases,  the  sizes 
of  the  passages  between  the  grains  become  smaller,  and  the  flow  becomes 
less  rapid  and  the  process  of  consolidation  goes  forward  more  and 
more  slowly. 

Material  with  50%  of  voids  when  taken  out  of  a  boring  is  described 
as  material  having  the  consistency  of  stiff  putty.  It  is  capable  of 
standing  up  in  a  boring  driven  beyond  the  casing  for  several  feet,  and 
it  offers  great  resistance  to  penetration. 

One  of  the  best  field  methods  of  testing  the  consolidation  of  core 
material  has  been  to  find  the  depth  to  which  a  1^-in.  pipe  could  be 
forced  into  it  by  two  men.  This  method  of  testing  has  been  used  in 
several  dams.  It  has  been  possible  to  co-ordinate  the  penetration  so 
found  with  records  of  the  percentage  of  voids.  In  a  general  way,  pen- 
etration by  l^-in.  pipe  pushed  down  by  two  strong  men  extends  to  the 
point  where  the  voids  are  about  50  per  cent.     In  other  words,  the  50% 
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material  is  so  stiff  that  it  can  no  longer  be  penetrated  to  any  con- 
siderable depth  by  this  method. 

Tests  of  material  by  letting  down  cannon  balls,  etc.,  are  less 
searching.    The  penetration  does  not  go  as  far. 

Material  with  50%  of  voids  in  a  considerable  depth  acts  essen- 
tially as  a  liquid.  It  exerts  the  full  lateral  pressure  corresponding  to 
its  height  and  weight  per  cubic  foot,  and  when  the  resistance  of  the 
toe  is  overcome,  this  material  moves  forward  and  flows.  Precise  limits 
cannot  be  set,  but  this  is  the  general  result  of  observation  at  Calaveras 
as  a  result  of  determinations  of  voids  in  many  samples  of  material 
that  did  flow  and  in  other  samples  of  material  that  did  not  flow. 
This  refers  to  the  Calaveras  Dam*  near  San  Francisco,  Cal.,  which 
slipped  as  it  was  approaching  completion  on  March  24th,  1918, 
investigation  of  which  afterward  gave  an  unusual  opportunity  for 
studying  some  of  the  conditions  that  grew  out  of  the  methods  of  placing 
material  that  had  been  used.    (See  Figs.  4  to  6.) 

Core  material  becomes  solid  when  it  is  dried.  Core  material  dried 
in  the  summer  sun  at  Calaveras  was  consolidated  until  only  35%  of 
voids  remained.  In  this  condition,  it  was  only  a  little  less  strong 
and  stable  than  the  natural  sandstone  in  the  neighboring  hills. 

Core  material  consolidated  to  35%  of  voids  would  form  the  strong- 
est and  most  stable  kind  of  an  earth  dam.  No  large  toes  would  be 
required  to  contain  it,  for  on  any  reasonable  slope  it  would  be  stable 
by  itself.  Such  consolidation,  however,  as  far  as  is  known,  is  reached 
only  by  complete  drying.  Unfortunately,  drying  cannot  be  applied 
to  the  core  of  a  large  dam. 

Without  attempting  precision  of  statement,  it  is  the  writer's  judg- 
ment that  if  core  material  like  that  at  Calaveras  could  be  consoli- 
dated to  40%  of  voids,  it  would  be  sufficiently  stable  to  do  its  share 
toward  resisting  the  pressures  that  come  upon  the  dam  without  tend- 
ing to  disruption.  Perhaps  this  degree  of  stability  would  be  reached 
before  consolidation  had  proceeded  as  far  as  40%  of  voids.  There  is  a 
middle  ground  of  uncertainty.  Material  with  50%  of  voids  is  still 
unstable;  and  between  this  limit  and  40%,  one  cannot  be  certain  just 
where  to  draw  the  line. 


•  See  Engineering  News-Record,  April   4th,   1918,  p.   679,   and   December  26th, 
1918,    p.    1158. 
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Fig.    4. — Calaveras    Dam    During    Constrtjction,    Showing    UrpER    and    Lower 

Toes,  with  Pool  Between.     Water  in  Foreground  is  in 

Reservoir  above  Dam. 
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Fig.   6. — Calaveras    Dam    After    the    Slip.      On    March    24th,    1918,    800  000 
Cu.  Yd.  of  Material  Moved  300  Ft.  Up   Stream  and   Dropped  100   Ft. 
IN  Elevation,  Turning  also  30°  to  the  Right. 
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It  is  interesting  to  note  that  the  l^-in.  pipe  used  in  the  penetration 
tests  only  reaches  to  points  where  the  material  is  still  unstable.  It 
follows  that  tests  of  this  kind  do  not  and  cannot  demonstrate  stable 
material.  Tests  made  by  cannon  balls  or  other  less  searching  means 
are  equally  defective.  It  cannot  be  considered,  in  the  light  of  the 
Calaveras  experience,  that  tests  made  by  such  methods  throw  much 
light  on  conditions  of  stability.  They  may  at  times  serve  a  purpose  in 
showing  lack  of  stability,  but  that  is  as  far  as  use  can  be  made  of 
them. 

It  is  the  writer's  thought  that  the  best  method  of  investigating 
consolidation  and  stability  is  by  making  borings.  There  are  difficul- 
ties, for  boring  usually  involves  stopping  the  sluicing  of  material 
while  the  holes  are  being  put  down;  but  it  does  lead  to  more  definite 
results.  Borings  can  be  driven  and  samples  taken  from  the  bottom 
of  the  borings  for  physical  inspection  and  for  determination  of  the 
percentage  of  voids. 

The  Determination  of  the  Percentage  of  Voids. 

This  is  a  very  simple  matter,  but  experience  shows  that  it  is  easy 
to  go  wrong,  and  for  that  reason  a  brief  statement  of  methods  that 
have  been  found  suitable  will  be  given. 

The  samples  taken  from  the  bottom  of  test  borings  are  saturated 
with  water.  A  determination  of  water  content,  therefore,  can  be  made 
a  measure  of  voids.  This  procedure  is  sound  so  far  and  only  so  far 
as  the  voids  are  completely  filled  with  water.  A  useful  check  can  be 
obtained  from  the  specific  gravity  of  the  moist  material. 

The  specific  gravity  of  the  solid  particles  of  core  material  may 
be  taken  as  2.65.  It  may  be  that  in  some  locations  other  specific  gravi- 
ties will  be  found,  but  in  the  writer's  experience,  actual  values  differ 
little  from  this  mean  value. 

In  determining  the  specific  gravity  of  these  exceedingly  small  par- 
ticles, the  most  careful  manipulation  is  required  to  get  all  the  air  out 
of  the  dry  material.  Methods  similar  to  those  used  for  determining 
the  specific  gravity  of  Portland  cement  are  appropriate,  but  water 
can  be  used. 

A  table  can  be  made  showing  the  weight  of  the  solid  particles,  the 
weight  of  water,  the  percentage  of  water  by  weight,  and  the  specific 
gravity    of    core    material    containing    various    percentages    of    voids. 
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Table   1,   in   convenient   and   somewhat   condensed   form,    gives   these 
values  for  saturated  clay. 


TABLE  1.— Saturated  Clay  * 
Specific  Gravity  of   Solid  Particles,   2.65. 


*  This  table  is  not  to  be  used  for  any  material  that  has  lost  water  by  evapora- 
tion so  that  the  voids  are  not  completely  filled  with  water. 

When  a  sample  is  taken  from  a  test  boring,  a  portion  is  put  in  a 
dish  and  weighed.  The  weighed  material  is  dried  at  or  above  the 
boiling  point  to  constant  weight,  and  the  percentage  of  moisture  com- 
puted. As  even  a  little  drying  before  the  first  weight  affects  the 
result,  the  samples  should  be  weighed  on  the  spot  when  first  brought 
to  the  surface;  to  do  this,  portable  equipment  must  be  used.  After 
the  first  weighing,  samples  may  be  taken  to  the  office  or  laboratory 
for  the  completion  of  the  process.     When  the  percentage  of  moisture 
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by  weight  is  found,  the  corresponding  percentage  of  voids  is  obtained 
from  Table  1. 

As  a  check,  the  specific  gravity  of  another  part  of  tlie  sample 
is  determined.  This  is  obtained  by  putting  a  weighed  portion  of  the 
moist  mass  into  a  graduated  cylinder  partly  filled  with  water  and 
noting  the  increase  in  water  level.  The  specific  gravity  is  the  ratio 
between  the  weight  of  material  added  and  the  weight  of  the  water  that 
corresponds  to  the  increase  in  level,  and  so  to  the  volume  of  material 
placed  in  the  cylinder.  With  this  specific  gravity  determined,  Table 
1  indicates  the  percentage  of  voids. 

The  percentage  of  voids  determined  by  the  two  methods  with  good 
manipulation  should  check  within  1  or  2  per  cent.  If  it  does  not, 
there  is  something  wrong  and  the  error  must  be  found  and  eliminated. 

To  determine  the  weight  of  the  coarse  and  hard  toe  material,  no 
better  method  has  been  found  than  to  make  an  excavation  accurately 
to  a  dimension  of  1  cu.  yd.,  or  other  convenient  size,  and  to  weigh  the 
excavated  material  on  platform  scales.  Percentages  of  moisture  vary, 
and  the  weight  of  dry  material  affords  the  best  basis  of  comparison.  An 
average  sample  of  material  on  the  scales  is  taken  for  determining  the 
percentage  of  moisture,  and  the  results  are  reduced  to  weight  of  dry 
material  per  cubic  foot. 

Draining  Fine  Material. 

The  writer  is  f\illy  satisfied  that  there  is  no  practical  way  of  rap- 
idly draining  core  material  as  fine  in  grain  size  as  that  described  pre- 
viously. He  has  considered  it  from  a  theoretical  standpoint  and  also 
from  the  standpoint  of  practical  experience. 

After  the  material  reaches  a  condition  of  50%  of  voids,  6  cu.  yd. 
must  be  compressed  into  5  cu.  yd.  of  40%  material  by  the  exclu- 
sion of  1  cu.  yd.  of  water  before  full  stability  can  be  counted  on.  This 
water,  amounting  to  one-sixth  of  the  whole  volume  of  core  material, 
must  be  expelled.  The  computed  rate  of  flow  through  material  with  an 
effective  size  of  0.002  mm.  is  very  slow.  The  rate  depends  on,  and 
is  proportional  to,  the  hydraulic  slope.  With  a  slope  of  10%  (which  is 
as  steep  as  is  usually  found)  the  computed  rate  of  flow  as  a  solid  col- 
umn of  the  full  area  of  the  section  is  0.32  mm.  daily.  At  this  rate,  80 
days  are  required  for  the  water  to  move  1  in.  and  2.6  years  for  it  to 
move  1  ft.     This  calculation  cannot  be  used  with  assurance  as  estab- 
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lishing  the  exact  rate  of  flow,  but  it  is  the  writer's  judgment  that  the 
actual  rate  is  as  likely  to  be  below  as  above  the  result  given.  It  is  clear 
that,  for  a  large  dam,  complete  drainage  and  consolidation  may  be  a 
matter   of   many  years. 

From  a  practical  standpoint,  it  may  be  recorded  that  a  6-in.  well 
driven  60  ft.  in  saturated  core  material  having  voids  averaging  50%, 
witli  the  casing  perforated  freely  to  admit  water,  stood  empty  for 
weeks.  Not  enough  water  drained  from  this  material  to  raise  the 
water  in  the  well.  This  may  represent  the  effect  of  capillarity.  With 
such  a  degree  of  tightness,  it  is  clearly  useless  to  attempt  to  secure 
consolidation  by  any  method  depending  on  additional  drainage  olitlets. 

Measuring  Core  Pressures. 

An  interesting  method  of  measuring  the  pressures  actually  existing 
in  core  materials  has  been  suggested  by  A.  T.  Goldbeck,  Assoc.  M.  Am. 
Soc.  C.  E.*  By  this  method,  small  test  cells  are  built  into  the  core 
material.  Some  are  placed  with  horizontal  and  some  with  vertical  faces, 
arranged  to  indicate  pressures  on  the  faces  during  construction  and 
afterward.  Such  devices  are  reported  to  have  been  placed  in  hydraulic- 
fill  dams  now  building  by  the  Miami  Conservancy  District.  The  results 
of  observation  through  a  certain  period  have  already  been  recorded 
These  observations  indicate,  as  would  be  expected,  that  the  horizontal 
and  vertical  pressures  are  the  same  at  first  and  until  the  material 
has  become  somewhat  consolidated.  Afterward,  horizontal  pressure 
increases  less  rapidly  than  vertical  pressure,  and  the  inference  may  be 
drawn  that  this  represents  solidification  of  the  material  in  which  the 
cells  are  placed  to  a  point  where  the  full  horizontal  pressure  is  no  longer 
produced. 

This  is  certainly  an  interesting  method  of  test  and  one  that  may 
throw  light  on  the  conditions  of  core  material. 

It  reminds  the  writer  of  one  of  his  early  experiences,  which  related 
to  different  circumstances,  but  possibly  the  same  underlying  prin- 
ciples are  involved.  It  was  proposed  to  build  large  and  heavy  struc- 
tures in  which  the  weight  would  be  well  distributed  on  a  foundation 
of  stiff  silt.  The  question  was  presented  as  to  whether  the  foundation 
was  sufficient  to  carry  the  weight.  An  apparatus  was  provided  by  wliich 
test  areas  of  1  sq.  ft.  at  the  level  of  the  proposed  foundation  were 

*  Engineering  News-Record,  April  18th,  1918,  p.  758. 
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loaded.  The  results  of  the  tests  were  most  satisfactory.  The  material 
carried  more  than  the  expected  loads,  with  only  insignificant  settle- 
ments. When  the  actual  structure  was  built,  however,  there  was  con- 
siderable settlement.  The  actual  settlement  was  many  times  greater 
than  had  been  indicated  by  the  tests. 

The  explanation  is  simple  enough.  The  single  square  foot  that 
was  loaded  distributed  the  weight  applied  to  it  to  a  much  larger  area 
a  short  distance  below.  What  was  loaded  was  in  effect  a  pyramid  with 
a  flat  top  of  1  sq.  ft.  The  full  applied  weight  per  square  foot  was 
carried  only  at  the  top,  and  the  unit  stress  rapidly  became  less  going 
downward  as  the  area  of  the  pyramid  increased.  A  thin  layer  of  mate- 
rial just  below  the  footing  actually  got  the  pressure  and  was  com- 
pressed accordingly,"  and  in  this  way  the  slight  observed  settlement 
was  produced.  Lower  down,  however,  the  unit  pressure  was  lower 
and  there  was  no  appreciable  compression. 

When  the  structure  was  built  there  was  no  chance  for  a  corre- 
sponding distribution  of  pressure.  The  whole  area  underneath  was 
loaded,  and  the  weight  had  to  be  carried  through  the  full  depth  of 
silt  and  the  silt  was  compressed.  A  corresponding  settlement  would 
no  doubt  have  taken  place  in  the  test  apparatus  if  the  material  loaded 
had  been  a  column  1  ft.  square  all  the  way  down  to  rock.  The  writer 
thinks  that  because  of  this  dispersion  of  load  it  is  generally  true  that 
a  small  test  area-  will  carry  more  per  unit  than  a  larger  one,  and  it 
may  be  that  the  same  conditions  will  be  found  to  apply  to  the  test 
cells  built  into  the  core  of  a  dam. 

In  view  of  all  the  information  now  available,  the  only  safe  course 
to  follow,  so  long  as  the  core  material  is  like  that  here  described,  is 
to  assume  that  it  will  produce  the  full  horizontal  pressure  corre- 
sponding to  its  weight  and  height;  and  the  toes  must  be  made  large 
enough  to  resist  that  pressure  with  ample  safety. 

Resisting  the  Pressure  of  the  Core  Material. 
The  first  point  to  be  considered  is  the  coefficient  of  friction  of  the 
material  in  the  toe,  sliding  either  upon  the  foundation  or  upon  itself. 
With  hard,  clean  gravel  a  coefficient  of  0.7  or  0.8  might  reasonably  be 
expected,  although  the  data  for  establishing  this  coefficient  are  not 
as  convincing  as  covdd  be  desired.  No  such  coefficient  was  found, 
however,  in  accounting  for  the  Calaveras  slip.     Instead,  it  was  esti- 
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mated  that  the  weight  of  the  material  pushed  forward  in  the  up-stream 
toe  was  five  times  as  great  as  the  pressure  of  core  material  against  it. 
In  estimating  that  pressure  the  whole  height  and  weight  of  core  mate- 
rial was  included,  assuming  that  it  acted  as  a  heavy  liquid.  This  indi- 
cated a  coefficient  of  friction  of  only  0.20.  This  is  to  be  taken  as  an 
average  for  the  whole  area  on  which  the  slip  occurred.  It  may  be 
recorded,  however,  that  a  similar  calculation  for  the  lower  toe  which 
did  not  slip  indicated  a  coefficient  of  0.22.  No  one  can  tell  how  much 
more  it  would  have  held. 

The  Calaveras  material  is  softer  and  perhaps  more  slippery  than 
the  hard  particles  of  glacial  drift  of  the  Eastern  States;  and  it  would 
not  be  reasonable  to  expect  as  high  a  coefficient  of  friction.  It  may 
be,  also,  that  the  coefficient  of  friction  under  such  heavy  pressures 
as  are  found  in  the  lower  part  of  a  high  dam  will  be  less  than  under 
the  small  pressures  of  moderate  depths. 

Some  experiments  were  authorized  by  George  Wilhelm,  M.  Am. 
Soc.  C.  E.,  and  made  by  G.  W.  Hawley,  M.  Am.  Soc.  C.  E.,  Eesident 
Engineer  at  the  San  Pablo  Dam,  near  Berkeley,  Cal.  (see  Fig.  7),  fol- 
lowing suggestions  of  the  writer.  A  14-in.  cast-iron  pipe  was  cut  into 
two  short  parts,  one  of  which  was  fixed  and  the  other  attached  securely 
to  a  steel  frame  which  swung  freely  on  an  axis  about  8  ft.  above. 
Another  steel  frame  securely  connected  the  ends  of  this  axis  with  the 
fixed  part  of  the  14-in.  pipe  and  with  other  parts  of  the  apparatus.  Two 
hydraulic  jacks  were  used  and  the  pressures  were  computed  from  the 
measured  pressures  on  the  pistons. 

The  two  pieces  of  14-in.  pipe  were  placed  in  line  and  the  frames 
held  them  so  that  the  ends  would  just  clear. 

A  sample  of  the  material  to  be  tested  was  placed  in  the  pipe,  filling 
the  lower  or  fixed  part  and  extending  some  distance  into  the  movable 
part.  Oak  planks,  cut  to  fit  as  a  loose  piston,  were  then  placed  above. 
One  of  the  hydraulic  jacks  was  placed  above  it.  Pressure  was  then 
applied  to  compress  the  material  in  the  pipe  to  any  desired  extent. 
Experiments  were  made  with  various  pressures,  the  greatest  corre- 
sponding to  a  depth  of  fill  of  200  ft.  While  the  material  was  held 
under  this  pressure,  the  other  jack  was  placed  horizontally  against  the 
side  of  the  14-in.  pipe  with  suitable  blocking,  and  pressure  applied 
until  there  was  movement.  The  ratio  of  pressures  on  the  two  jacks 
then  gave  the  coefficient  of  friction. 
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The  steel  frame  and  the  pivot  at  the  top  was  built  so  that  there 
was  no  appreciable  friction  in  the  apparatus.  A  slight  correction  was 
necessary  because  the  lever  arm  to  the  slipping  plane  was  longer  than 
the  lever  arm  to  the  point  on  the  14-in.  pipe  where  pressure  was 
applied. 

The  form  of  the  experimental  apparatus  was  suggested  to  the 
writer  by  a  paper  by  Mr.  A.  L.  Bell  on  clay  pressures.*  The  apparatus 
as  worked  out  was  more  like  that  used  by  E.  P.  Goodrich,t  M.  Am. 
Soc.  C.  E.,  in  his  experiments  on  soil  pressures. 

The  apparatus  used  differed  from  both  of  its  predecessors  in  that 
tests  were  made  at  very  much  higher  pressures.  The  results  may  be 
compared,  but  it  must  be  remembered  that  the  local  material  had 
peculiarities  of  its  own,  and  that  it  was  no  doubt  quite  different 
physically  from  the  material  tested  by  Bell  and  Goodrich. 

The  writer  will  not  attempt  to  discuss  this  matter  further,  but 
suggests  it  as  a  fruitful  topic  for  further  experiment. 

Experiments  were  made  by  Mr.  Hawley  with  various  local  mate- 
rials at  various  pressures.  These  showed  that,  with  low  pressures,  the 
coefficient  of  friction  was  distinctly  larger  than  it  was  with  higher 
ones.  The  explanation  for  this  may  be  that  the  higher  pressures 
broke  down  and  crushed  the  particles,  and  so  reduced  the  relative 
resistance.  After  a  certain  pressure  was  reached  there  was  less  rapid 
change  in  the  coefficients,  and  for  the  higher  pressures  the  coefficients 
for  any  material  were  practically  constant. 

For  material  from  the  local  soft  sandstone  rocks  at  San  Pablo, 
coefficients  of  friction  of  approximately  0.5  were  found. 

There  was  one  kind  of  material  more  slippery  than  the  others  for 
which  an  average  coefficient  of  0.45  was  found.  Other  harder  mate- 
rials gave  coefficients  of  0.55  and  more.  Sand  and  gravel  from  the 
creek  representing  the  remnants  of  much  harder  rocks  in  the  hills 
(and  so  corresponding  more  nearly  to  the  glacial  drift  of  the  Eastern 
States)  gave  coefficients  of  about  0.7. 

The  materials  at  San  Pablo  are  similar  to  the  materials  at 
Calaveras;  and  there  is  reason  to  think  that  the  coefficients  found  at 
San  Pablo  would  apply  approximately  to  the  Calaveras  materials. 

*  Minutes    of   Proceedings,    Inst.    C.    E.,    Vol.    CXCIX    (1914-15),    p.    233. 
■\  Ti-ansactions     A.m.    Soc.   C.    E.,   Vol.    LIII    (1904),    p.    297. 
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What  then  is  the  explanation  of  the  fact  that  the  Calaveras  Dam 
slip  indicated  a  coefficient  of  0.2  while  similar  materials  in  the  test 
apparatus  show  a  coefficient  of  0.5 — two  and  one-half  times  as  much? 

The  answer  seems  to  lie  in  the  fact  that  in  the  course  of  construc- 
tion at  Calaveras,  before  the  dam  was  very  high,  the  construction  i)ool 
in  the  center  of  the  dam  was  sometimes  quite  wide;  so  that  at  some 
levels  the  greater  part  of  the  width  of  the  dam  was  composed  of  fine- 
grained core  material.  Afterward  the  proportion  of  solid  fill  was 
increased  and  the  width  of  core  reduced,  but  the  effects  of  the  wide 
pool  may  have  been  permanently  left  in  layers  of  core  material  extend- 
ing far  out  under  the  more  solid  parts  of  the  toes. 

It  seems  probable  that  unstable  core  material  placed  in  this  way  fur- 
nished the  lubricant  that  facilitated  and  made  possible  the  slip  in 
the  dam. 

Section  of  Dam  Required  with  Core  Material  Considered  as  a  Fluid. 

At  Calaveras,  the  toe  material  was  slightly  heavier  per  cubic  foot 
than  the  core  material.  At  San  Pablo,  with  fragments  of  porous  sand- 
stone rock  predominating  in  the  toes,  there  was  scarcely  any  differ- 
ence. "With  harder  material  like  the  glacial  drift  of  the  Eastern  States, 
the  toe  material  would  be  considerably  heavier. 

For  the  purpose  of  a  first  rough  calculation,  assume  that  the 
weights  per  cubic  foot  of  toe  and  core  material  are  equal,  as  they  are 
at  San  Pablo.  If  a  coefficient  of  friction  of  0.5  is  assumed,  each  toe 
must  weigh  twice  as  much  as  the  pressure  exerted  by  the  core.  The 
pressure  exerted  by  the  core  is  i  wh^  and  the  weight  of  the  toe  to  bal- 
ance it  must  be  wh^.  To  produce  this  weight,  a  imiform  outer  slope 
of  2  to  1  will  suffice.  In  addition,  a  top  width  equal  to  the  maximum 
width  of  core  must  be  used.  If  a  factor  of  safety  of  2  is  required,  the 
outside  slope  must  be  made  4  to  1,  but  in  view  of  the  records  of  slips 
in  actual  dams,  it  may  well  take  a  higher  factor  of  safety.  A  slope  of 
5  to  1  will  give  a  factor  of  safety  of  2,5  and  a  slope  of  6  to  1  will 
give  a  factor  of  3.  Where  toe  material  is  considerably  heavier  than 
the  core,  as  would  be  the  case  with  harder  and  heavier  rocks,  the  slopes 
could  be  reduced  in  proportion  to  the  increased  specific  gravity  without 
reducing  the  factor  of  safety.  Thus,  with  toe  material  20%  heavier 
than  core  material,  a  slope  of  1  to  5  would  allow  a  factor  of  safety  of  3. 
Very  few  hydraulic  dams  have  been  built  with  sections  as  large  as  this 
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line  of  thought  suggests.     The  Gatun  Dam  at  Panama  heads  the  list, 
and  is  even  larger. 

A  great  many  cubic  yards  are  involved  in  such  a  large  section,  but 
if  the  work  is  done  cheaply  enough  per  cubic  yard,  it  may  be  economical 
to  use  the  extra  volume.  Safety  can  be  secured  in  this  way;  and  it 
may  be  that  this  procedure  is  the  best  one  to  follow. 

Dimensions  of  a  Number  of  Dams. 

To  see  what  these  slopes  would  call  for  in  the  way  of  section  in 
comparison  with  earth  dams  that  have  been  actually  built  either  by 
the  hydraulic  method  or  as  dry  fill,  the  following  comparison  is  made. 
Assuming  a  freeboard  of  one-tenth  the  greatest  depth  of  water,  H,  and 
a  top  width  of  0.25  H  and  uniform  slopes,  the  cross-sections  of  dams 
in  terms  of  the  greatest  depth  of  water  would  be  as  follows: 

Slope.  Volume. 

3  to  1 3.9  H^ 

4  to  1 5.1  H^ 

5  to  1 6.3  E^ 

6  to  1 7.5  H^ 

The  actual  dimensions  of  a  number  of  dams  are  given  in  Table  2. 

Rock-fill  dams  are  not  included,  but  rock  fill  forms  some  part  of 
a  number  of  dams  in  the  list.  No  dams  holding  less  than  64  ft.  of 
water  are  included. 

The  Necaxa  Dam  slipped,  but  was  afterward  rebuilt  on  the  original 
section.  The  Big  Meadows  Dam  is  being  raised  with  an  enlarged 
section. 

Increasing  the  Grain  Size  of  Core  Material. 

The  second  way  of  increasing  stability  is  to  use  core  material  that 
will  consolidate  more  rapidly  and  thoroughly.  There  is  only  one  way 
to  insure  this ;  that  is  to  increase  the  grain  size  of  the  material  allowed 
to  remain  in  the  core.  With  pools  and  water  quantities  actually  used 
in  the  dams  known  to  the  writer,  particles  smaller  than  0.001  mm.  and 
perhaps  up  to  0.002  mm.  have  been  wasted.  Everything  larger  has 
gone  into  the  dam. 

In  some  cases,  an  effort  has  been  made  to  secure  completeness  of 
deposition  of  these  fine  particles  to  avoid  waste  and  to  increase  the 
yardage  accounted  for  in  the  dam. 
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TABLE  2. — Dimensions  of  a  Number  of  Earth  Dams 
THAT  Have  Stood  Successfully. 
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92 
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13 

25 

78 
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65 
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5 

30 

56 
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75 
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3.85 

14 

20 

90 
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96 
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24 

30 
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86 
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20 

50 
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7 

16 

54 
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♦Gatun  

♦Big  Meadows. 

*Coquitlam 

♦Cambria 

Ashokan 

Druid  Lake. . . 

San  Andreas.. 
♦Paddy  Creek. 
♦Somerset 

San  Leandro . 

♦Haiwee 

Croton 

Tabeaud 

♦Necaxa 

Cold  Spring . . 

Belle  Fourohe 

Lahontan 

Santa  Maria. . 

Pilarcitos 

Morris 

Borden  Brook 
Honey  Lake.. 
Qoose  Creek. . 


25.5 

8.56 
8.48 
8.34 
7.23 

7.10 
7.58 
6.30 
6.67 
7.04 

6.20 
5.50 
6.44 
5.81 
5.79 

6.56 
5.72 
5.71 
5  61 

5.58 

5.27 
5.56 
5.39 


*  Hydraulic  fill,  wholly  or  in  large  part. 

To  increase  the  effective  size  of  core  material,  it  is  necessary  to 
increase  the  limit  of  size  of  particles  to  be  wasted.  This  can  be  done 
by  narrowing  the  pool  or  by  increasing  the  quantity  of  water  passing 
it  (see  Figs.  3,  8,  9,  and  10).  On  one  occasion  at  San  Pablo,  to  test 
this  out,  the  toes  were  allowed  to  increase  in  height  for  a  time  without 
raising  the  pool.  This  was  continued  until  the  pool  almost  disap- 
peared. Hardly  more  than  a  muddy  creek  remained  in  the  middle  of 
the  dam.  The  core  became  comparatively  narrow  and  much  coarser  in 
grain  size.  The  effective  size  was  increased  to  approximately  0.01  mm. 
Finer  particles  were  all  wasted.  In  other  words,  the  core  material 
was,  say,  five  times  as  great  in  grain  size.  It  had,  therefore,  twenty- 
five  times  as  great  draining  capacity,  and  only  one  twenty-fifth  of  the 
capacity  to  hold  water  by  capillarity. 

Material  placed  in  this  way  had  a  much  better  chance  of  drainage; 
first,  because  the  core  was  narrower  and  there  was  less  water  to  be 
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Fig.   8. — San  Pablo   Dam,   Showing   Maximum  Width  of  Central  Pool. 


Fig.   9. — San    Pablo    Dam,    Showing    Ordinary    Width    of    Central    Pool 
Producing  Core  Material  0.002  Mm.  in  Size. 


Fig.    10. — San  I'aklg  Dam,  Showing  Ce.\ti:al  Puol  l.. l    lii:i)Uci;D  i.\  Wiuth 

for  Purpose  of  Increa.sing  Grain  Size  of  Core  Material.     It  was 
Pushed  to  a  Narrower  Width  than  Shown. 
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removed;  second,  because  the  water  had  a  shorter  distance  to  go;  and 
third,  because,  other  things  being  equal,  the  water  would  get  away 
twenty-five  times  as  fast.  After  a  few  weeks  of  operation  in  this 
manner,  the  work  was  stopped  temporarily,  which  gave  an  opportu- 
nity to  examine  the  deposited  core  material.  After  only  a  few  days 
it  became  hard  enough  to  walk  on,  many  times  more  solid  than  ordi- 
nary core  material. 

In  one  other  respect  this  coarse-grained  puddle  differed  from  ordi- 
nary puddle.  There  was  a  small  relative  range  in  its  grain  sizes.  The 
fine  particles  were  eliminated,  and  the  volume  of  puddle  produced  was 
reduced,  but  there  was  no  very  great  change  in  the  quantity  and  char- 
acter of  the  coarser  particles.  These  coarser  particles  constituted  the 
whole  mass  of  the  coarse-grained  puddle.  With  ordinary  puddle,  they 
were  mixed  with  a  large  additional  volume  of  fine-grained  stock.  The 
grains  in  the  coarse-grained  puddle  were  thus  more  nearly  of  the  same 
size,  and  it  followed  that,  other  things  being  equal,  the  percentage  of 
voids  was  greater.  This  was  found  to  be  the  case  in  the  test  at  San 
Pablo,  and  after  the  material  had  become  hard  and  stable,  it  had  a 
percentage  of  voids  that  would  have  indicated  lack  of  stability  in 
ordinary  stock.  This  is  an  illustration  of  the  fact  that  voids  used  as 
an  index  of  stability  can  only  be  properly  compared  for  the  same  kind 
of  stock. 

If  this  method  of  increasing  the  grain  size  of  core  material  were 
to  be  followed  throughout  the  construction  of  a  dam,  obviously  there 
would  be  two  results.  First,  a  great  deal  of  fijie  material  would  be 
wasted.  The  quantity  would  depend  upon  the  quantity  of  such  mate- 
rial in  the  stock  used.  In  the  natural  course  of  events  most  of  this 
would  be  deposited  harmlessly  upon  the  bottom  of  the  reservoir. 
Second,  a  dam  built  in  this  way  wovJd  be  much  more  stable  but 
theoretically  not  quite  water-tight.  There  would  be  an  appreciable 
amount  of  seepage  through  core  material  of  this  grain  size. 

The  amount  of  seepage  loss  may  be  estimated  approximately. 
Assuming  that  the  laws  of  flow  are  the  same  as  they  are  in  the  finest 
sand  to  which  experiments  have  extended,  it  was  estimated  that  at 
the  San  Pablo  Dam  if  the  whole  core  material  could  be  made  0.01  mm. 
and  if  the  rest  of  the  dam  had  contributed  nothing  to  tightness,  the 
theoretical  rate  of  seepage  would  be  280  000  gal.  per  day.  The  loss 
of  this  quantity  of  water  would  not  be  a  serious  drain  upon  the  supply. 
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if  it  adds  to  stability.  Practically,  as  is' known  from  filter  experience, 
considering  the  core  material  as  a  filter,  it  would  soon  silt  up  and  become 
water-tight. 

As  a  practical  proposition  in  dam  construction,  core  material  hav- 
ing a  grain  size  of  0.01  mm.  is  to  be  accepted  as  sufficiently  fine  from 
the  standpoint  of  water-tightness.  This  size  of  0.01  mm.  is  not  given 
as  a  precise  limit.  It  may  be  that  still  coarser  material  would  give 
sufficient  tightness  or  that  finer  material  would  drain  sufficiently.  The 
size  is  mentioned  because  it  is  the  size  of  material  that  was  actually 
found  possible  to  produce  at  the  San  Pablo  Dam  by  reducing  the  size 
of  the  pool  to  a  minimum,  and  because  other  considerations  suggest 
that  it  may  be  suitable. 

The  question  remains  as  to  whether  a  dam  in  which  the  pool  and 
water  quantities  were  so  adjusted  as  to  hold  the  effective  size  of  core 
material  at  0.01  mm.,  or  at  some  other  selected  limit,  and  in  which  the 
core  material  was  never  permitted  to  become  very  wide,  would  con- 
solidate itself  as  the  dam  increased  in  height  to  an  extent  that  would 
eliminate  lateral  pressure  of  core  material. 

It  is  the  writer's  idea,  that  a  dam  built  in  this  way  would  certainly 
be  more  stable  and  safer  than  one  in  which  the  core  material  con- 
tained an  additional  quantity  of  finer  particles. 

This  thought  is  similar  to  an  idea  expressed  by  D.  C.  Henny,  M. 
Am.  Soc.  C.  E.,  who  stated  :* 

"Probably  the  nearest  approach  to  a  perfect  core  of  great  thickness 
which  can  be  hydraulicked,  is  one  composed  of  fine  sandy  silt,  such  as 
is  generally  found  in  the  arid  West,  having  little  cohesiveness,  good 
self-drainage  qualities,  becoming  hard  and  solid  after  a  short  time,  and 
yet  being,  if  not  perfectly,  at  least  practically  water-tight." 

Mr.  Henny's  description  may  be  taken  as  an  accurate  description 

of  the  writer's  idea  of  0.01-mm.  material.    It  certainly  does  not  apply 

to  0.002-mm.  material.     Mr.  Henny's  other  propositions  in  regard  to 

fine  core  material  such  as  is  ordinarily  used,  are  believed  to  be  well 

founded. 

The  Use  of  Rook  Fill. 

In  building  hydraulic-fill  dams,  the  debris  above  the  solid  rock  has 
been  most  easily  worked  and  extensively  used.      Such   debris   is   fre- 
quently fine  in  grain  size,  and  its  use  may  result  in  an  excess  of  core 
*  Transactions,  Am.   Soc.   C.   E.,   VoL   LXXIV    (1911),  p.   82. 
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material  and  a  deficiency  of  toe  material.  To  correct  this  tendency, 
rock  fill  has  been  added  to  the  toes  of  a  number  of  dams. 

The  rock  fill  has  usually  been  placed  as  dry  fill;  that  is  to  say, 
by  blasting,  steam  shovel,  and  cars  or  carts.  The  cars  or  carts  run 
on  the  toes  of  the  dam  and  deposit  material  at  the  same  time  that  the 
hydraulic  process  is  being  used  to  fill  the  interior. 

At  the  San  Pablo  Dam  (see  Figs.  11  and  12),  a  similar  result  has 
been  reached  by  handling  the  rock  after  blasting  by  the  hydraulic 
method.  Open  flumes  were  used  with  a  flow  of  from  15  to  20  cu. 
ft.  per  sec.  A  6%  slope  was  necessary  as  long  as  wooden  flume  bottoms 
were  used.  With  steel  flumes,  equally  favorable  results  were  obtained 
with  a  4%  slope.  About  3  000  cu.  yd.  i)er  day  were  placed,  on  an  aver- 
age. Pieces  of  broken  rock  up  to  1  cu.  ft.  in  size  were  handled  under 
these  conditions.  By  blasting  the  hardest  rock  available,  it  was  pos- 
sible to  get  material  for  fill  that  contained  relatively  few  fine  particles, 
and  all  of  the  small  quantity  of  very  fine  material  was  wasted.  Large 
additions  to  the  toes  of  the  dam  were  made  in  this  way. 

Working  a  quarry  with  a  high  face,  it  was  possible  to  throw  down 
great  quantities  of  material  in  one  large  blast,  and  to  wash  many  thou- 
sands of  yards  into  the  dam  from  a  single  position  of  monitors  and 
flumes.  The  economy  resulting  from  operating  so  long  in  one  place,  as 
compared  with  moving  the  equipment  all  over  the  hillside  to  pick  up 
scattered  and  relatively  thin  deposits  of  debris  above  the  rock,  turned 
out  to  be  fully  equal  to  the  additional  cost  of  rock  excavation ;  and  rock 
fills,  built  in  this  way,  cost  no  more  per  cubic  yard  than  fill  made 
from    debris. 

On  the  other  hand,  the  fill  made  in  this  way  is  believed  to  be 

heavier,   and  to   have   a  higher  coefficient  of  friction   which  gives   it 

additional  value  as  toe  material.     The  practical  methods  of  handling 

rock  fill  were  worked  out  by  Mr.  Hawley  and  D.  W.  Albert,  Assoc.  M. 

Am.  Soc.  C.  E. 

Quicksand  Conditions  in  Dams. 

When  a  granular  material  has  its  pores  completely  filled  with  water 
and  is  under  pressure,  two  conditions  may  be  recognized.  In  the 
first  or  normal  case,  the  whole  of  the  pressure  is  communicated  through 
the  material  from  particle  to  particle  by  the  bearings  of  the  edges  and 
points  of  the  particles  on  each  other.  The  water  in  the  pores  is  under 
no  pressure  that  interferes  with  this  bearing.    Under  such  conditions, 
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the  frictional  resistance  of  the  material  against  sliding  on  itself  may 
be  assumed  to  be  the  same,  or  nearly  the  same,  as  it  would  be  if  the 
pores  were  not  filled  with  water.  In  the  second  case,  the  water  in  the 
pores  of  the  material  is  under  pressure.  The  pressure  of  the  water 
on  the  particles  tends  to  hold  them  apart;  and  part  of  the  pressure 
is  transmitted  through  the  water.  To  whatever  extent  this  happens, 
the  pressure  transmitted  by  the  edges  and  points  of  the  particles  is 
reduced.  As  water  pressure  is  increased,  the  pressure  on  the  edges  is 
reduced  and  the  friction  resistance  of  the  material  becomes  less.  If  the 
pressure  of  the  water  in  the  pores  is  great  enough  to  carry  all  the  load, 
it  will  have  the  effect  of  holding  the  particles  apart  and  of  producing  a 
condition  that  is  practically  equivalent  to  that  of  quicksand. 

An  extra  pressure  in  the  water  in  the  pores  of  such  a  material  may 
be  produced  by  a  sudden  blow  or  shock  which  tends  to  compress  the 
solid  material  by  crushing  the  edges  and  points  where  they  bear,  or 
by  causing  a  re-arrangement  of  particles  with  smaller  voids.  An 
illustration  of  this  can  be  seen  in  the  sand  on  the  seashore.  Such  sand, 
comparable  to  dune  sand  in  size,  is  usually  found  to  be  saturated  with 
water  for  a  certain  distance  above  the  water  level.  This  condition  is 
maintained  by  capillarity.  If  a  weight  is  slowly  placed  on  this  sat- 
urated sand,  there  is  a  slight  settlement,  the  grains  of  sand  coming 
to  firmer  bearings  and  the  weight  is  carried.  A  sharp  blow,  as  with 
the  foot,  however,  liquefies  a  certain  volume  and  makes  quicksand.  The 
condition  of  quicksand  lasts  for  only  a  few  seconds  until  the  surplus 
water  can  find  its  way  out.  "When  this  happens  the  grains  again 
come  to  solid  bearings  and  stability  is  restored.  During  a  few  sec- 
onds after  the  sand  is  struck,  however,  it  is  almost  liquid,  and  is  capable 
of  moving  or  flowing  or  of  transmitting  pressure  in  the  same  measure 
as  a  liquid. 

Fine-grained  sand  in  which  this  condition  exists  is  called  quick- 
sand. The  properties  of  quicksand  are  well  known.  Fine-grained  sand 
saturated  with  water  and  then  mixed  with  an  additional  5%  of  water 
acts  practically  as  a  liquid.  It  will  flow  through  small  orifices  or  in 
a  pipe  at  a  6%  slope.  The  sand  in  a  mechanical  filter  in  process  of 
washing  is  a  typical  case.  When  the  sand  is  drained,  in  the  filter,  it 
forms  a  bed  as  hard  as  any  sand  bed.  When  subjected  to  a  reverse 
current  of  water  strong  enough  to  slightly  lift  it,  however,  the  volume 
is  increased  by  perhaps  5%,  and  it  becomes  liquid.     An  object  can 
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F^G.  11 — Excavating  Rock  at  San  Pablo  Dam  by  Hydraulic  Jet, 
After  Blasting. 


Fig.   12.- 


-Placing  Rock  Hydraulically  in  San  Pablo  Dam,  Fragments 
Up  to  1  Cu.  E^.  Being  Handled  by  This  Method. 
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then  be  pushed  through  it  with  scarcely  more  resistance  than  would 
be  offered  by  a  liquid  of  high  specific  gravity. 

The  conditions  that  control  the  stability  or  lack  of  stability  in 
quicksand  may  also  control  the  stability  or  lack  of  stability  of  mate- 
rials in  dams. 

The  puddle  clay  core  of  an  hydraulic-fill  dam  is  physically  like 
quicksand,  but  with  -particles  one  hundred  times  smaller  in  diameter 
and  a  million  times  smaller  in  weight.  It  has  the  instability  of  quick- 
sand in  full  measure  and  it  retains  it  for  a  long  time,  or  perhaps 
indefinitely. 

With  the  coarse-grained  part  of  an  hydraulic-fill  dam,  that  is  to 
say,  with  rock  toes,  there  may  be  also,  at  times,  a  similar  condition. 
Generally  speaking,  it  would  be  expected  that  such  coarse-grained 
materials  would  have  sufiicient  drainage  to  let  out  surplus  water  and 
prevent  the  possibility  of  an  excess  sufficient  to  destroy  its  stability. 
With  hard-grained  materials  from  glacial  drift  of  New  England  and 
the  Northern  States,  it  is  hard  to  conceive  of  a  lack  of  drainage  in 
gravel  that  would  permit  the  accumulation  of  an  excess  of  water.  With 
the  softer  materials  of  the  Pacific  Coast,  however,  the  conditions  may 
be  different.  In  the  first  place,  these  soft  rocks  by  partial  crushing 
under  pressure  produce  fine  material  which  tends  to  fill  the  remaining 
spaces  and  to  reduce  the  drainage  capacity. 

On  the  other  hand,  each  increment  of  loading  applied  to  soft- 
grained  material  produces  a  certain  compression  and  settlement;  and 
with  it  a  reduction  in  voids.  This  may  happen  to  a  toe  of  soft  rock 
on  the  up-stream  side  of  a  dam  against  which  water  is  being  stored 
during  construction.  There  is  first  an  open  condition  with  ample 
voids  and  ample  drainage.  As  the  dam  is  built  higher,  pressure 
increases;  there  is  compression  and  reduction  in  porosity.  Each  addi- 
tional increment  of  loading  and  compression  means  that  a  certain 
quantity  of  water  representing  the  difference  between  the  old  voids 
and  the  new  voids  must  be  expelled.  As  long  as  the  material  remains 
sufficiently  pervious  to  carry  off  this  excluded  water,  the  process  of 
compression  is  harmless.  The  surplus  water  is  pushed  back  into  the 
reservoir  and  stability  is  retained.  There  may  come  a  time,  however, 
when  the  compression  goes  forward  so  rapidly  that  the  surplus  water 
cannot  be  carried  off  fast  enough.  When  that  point  is  reached  (if  it 
is  reached),  there  will  tend  to  be  an  excess  of  water  in  the  interstices 
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and  that  excess  will  transmit  some  of  the  pressure  that  was  before  car- 
ried only  by  the  bearings  of  solid  particles,  and  the  frictional  resist- 
ance of  the  material  will  be  less,  and  perhaps  much  less,  than  it  was 
before. 

The  thought  has  occurred  to  the  writer,  in  looking  at  the  material 
that  slid  in  the  Calaveras  Dam,  that  something  of  this  kind  may  have 
happened  on  a  large  scale — 800  000  cu.  yd.  of  fill  flowed  for  a  brief 
space,  and  then  became  solid.  It  was,  in  fact,  so  solid  that  in  exam- 
ining it  afterwards,  by  samples  and  by  borings,  it  was  difficult  to  see 
how  the  material  could  have  flowed — as  it  certainly  did  flow. 

It  may  be  that  after  the  first  movement  there  was  some  readjustment 
of  the  material  in  the  toe  that  resulted  in  producing  temporarily  this 
condition  of  quicksand,  and  that  destroyed  for  a  moment  the  stability 
of  the  material  and  facilitated  the  movement  that  took  place. 

This  will  not  account  for  the  initial  movement;  but  the  initial 
movement  of  some  part  of  the  material  might  result  in  accumulating 
pressure,  first  on  one  point,  and  then  on  another,  successively,  as  the 
early  points  of  concentration  were  liquefied  and  in  that  way  a  condition 
comparable  to  quicksand  in  a  large  mass  of  material  may  have  been 
produced. 

Summary. 

To  summarize  briefly  the  points  that  the  writer  has  attempted  to 
make  and  to  apply  them  practically  to  dam  construction : 

1. — It  is  not  well  to  build  an  hydraulic-fill  dam  of  material  of  which 
any  large  percentage  consists  of  clay  or  of  particles  less  than  0.01  mm. 
in  diameter;  and  in  general  all  such  smaller  particles  may  well  be 
wasted  and  excluded  from  the  dam. 

2. — By  reducing  the  construction  pool  to  a  minimum,  and  by  con- 
trolling it  and  the  quantities  of  water  used  for  sluicing,  the  core 
material  may  be  held  to  a  certain  degree  of  coarseness  by  wasting  all 
smaller  particles.  An  effective  size  of  0.01  mm.  may  reasonably  be 
sought. 

3. — To  study  by  borings  the  actual  consolidation  of  the  material, 
and  to  adjust  the  construction  of  the  upper  parts  of  the  dam  to  the 
demonstrated  condition  of  that  which  lies  below. 

4. — To  make  the  toes  large  enough  to  resist  with  an  ample  factor 
of  safety  the  whole  pressure  of  the  core  material  as  a  liquid  until  there 
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is  demonstration  of  the  solidification  of  the  core  to  a  point  where  hor- 
izontal pressure  is  eliminated. 

5. — To  increase  the  weight  and  solidity  of  toes  by  the  use  of  rock 
fill,  placed  hydraulically  or  otherwise. 

6. — Stability  is  increased  by  compactness.  It  is  worth  while  to 
watch  voids  closely,  and  to  make  every  effort  to  hold  them  at  a  min- 
imum. The  extra  weight  is  advantageous,  but  security  against  com- 
pression and  re-arrangement  with  resulting  temporary  quicksand  con- 
ditions, can  be  best  reached  in  this  way. 

A  strict  application  of  these  principles  may  reduce  the  number 
of  hydraulic-fill  dams  that  are  built  by  eliminating  that  method  of 
construction  from  consideration  where  the  available  material  contains 
too  many  very  small  particles.  It  may  also  increase  considerably  the 
volume  and  cost  of  those  that  are  built.  It  would  seem,  however,  that 
following  them  to  a  logical  conclusion,  with  such  testing  as  can  rea- 
sonably be  done,  will  result  in  eliminating  present  uncertainties  and 
in  putting  a  most  useful  method  of  dam  construction  on  a  definite  and 
safe  basis. 
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Synopsis. 


Up  to  the  present  time,  there  has  been  no  possibility  of  calculating 
earthquake  strains  for  practical  building  purposes,  due  chiefly  to  the 
uncertain  knowledge  of  physical  conditions  of  brickwork  and  masonry 
in  the  destroyed  or  damaged  structures.  After  the  use  of  reinforced 
concrete  had  become  general  in  Guatemala,  the  effect  of  earthquakes 
on  such  structures  led  to  some  conclusions  as  to  the  destructive  power 
compared  with  the  transverse  load  for  which  the  damaged  or  undamaged 
buildings  had  been  designed,  but  not  much  has  been  done,  to  the 
writer's  knowledge,  in  the  way  of  mathematical  analysis. 

The  damage  done  by  the  Guatemala  earthquake  to  some  steel 
structures  afforded  an  op]X)rtuiiity  to  use  it  as  a  starting  point  for 
more  definite  study,  as  shown  in  this  paper. 

The  abnormal  conditions  brought  about  by  those  earthquakes, 
together  with  the  World  War,  compelled  the  writer  to  make  some  tests 
of  various  tropical  woods  which,  rough  though  they  are,  led  him  to 
certain  conclusions  as  to  the  nature  of  the  strength  of  wood,  which 
might  be  extended  to  other  building  materials.     It  also  appears  from 

♦  This  paper  will  not  be  presented  for  discussion  at  any  meeting  of  the  Society, 
but  written  communications  on  the  subject  are  invited  for  subsequent  publication  in 
Proceedings  and  with  the  paper  in  Transactions. 

t  Guatemala,    Guatemala. 
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the  results  of  these  tests,  that  some  relation  exists  between  the  brittle- 
ness  of  wood  and  its  durability. 


The  reconstruction  of  Guatemala  City  after  the  earthquakes  that 
practically  destroyed  it  in  December,  1917,  and  January,  1918,  together 
with  the  difficulties  of  importing  building  materials  on  account  of  the 
European  War,  brought  up  that  question  mentioned  by  Rankine  as 
defining  the  nature  of  most  engineering  problems,  "What  to  do  rather 
than  what  to  think,  in  order  to  start  on  the  rebuilding  work  without 
delay." 

It  was  necessary  therefore  to  investigate  practical  and  reasonable 
solutions,  disregarding  elaborate  investigations,  and  from  this  point 
of  view  the  writer  endeavored  to  obtain  the  necessary  data  to  design 
several  buildings  of  the  International  Railways  of  Central  America, 
with  which  he  is  connected,  as  well  as  others  for  private  parties  who 
called  on  him  for  that  purpose. 

The  first  point  to  be  determined  was  of  course  the  force  of  the 
earthquake  so  as  to  design  the  structures  to  stand  for  an  equal  shake 
with  the  customary  factors  of  safety.  This  was  quite  uncertain  since 
all  wrecked  buildings  had  been  constructed  of  materials  such  as  raw 
brick  or  adobe,  brickwork  or  common  masonry,  the  physical  properties 
of  which  vary  within  wide  limits;  also  because  buildings  of  the  same 
type  of  construction  did,  or  did  not,  collapse,  depending  on  their 
location. 

As  a  starting  point,  the  writer  had  the  records  published  by  the 
Society  on  the  San  Francisco  earthquake,*  stating  that  none  of  the 
concrete  buildings  designed  for  a  wind  pressure  of  30  lb.  per  sq.  ft. 
had  collapsed;  also  a  report  on  the  earthquake  in  Sicily  by  the  Royal 
Italian  Committee  estimating  the  earthquake  impact  as  equivalent  to 
one-twelfth  of  the  weight  of  the  structure  for  the  ground  floor,  and 
one-eighth  from  the  second  story  up.  It  was  necessary,  however,  to 
make  sure  that  the  Guatemala  earthquake  had  not  been  stronger  than 
those  just  mentioned. 

The  earthquake  impact  is  a  force  of  inertia  depending  on  mass 
(or  weight)  and  acceleration,  the  acceleration  being,  more  or  less, 
dependent  on  the  manner  in  which  the  structures  are  supported,  as 

♦  Transactions,  Am.  Soc.  C.  E.,  Vol.  LIX,  p.  208. 
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in  the  theory  of  impact.  That  is  to  say,  the  earthquake  is  more 
destructive  on  bodies  likely  to  vibrate  freely  than  on  structures  properly 
braced. 

Bearing  the  above  principles  in  mind,  the  writer  tried  to  get  some 
instructive  data  from  the  ruins  of  Guatemala  City.  The  only  specimens 
having  definite  physical  properties  that  could  be  found  were  the  electric 
light  posts,  made  of  rolled  steel  I-beams,  some  of  which  were  bent 
by  the  earthquake  force.  They  were,  therefore,  strained  beyond  their 
elastic  limit  or  yield  point.  Since  some  did  bend 
and  some  did  not,  in  the  same  neighborhood,  it  fol- 
lows that  they  were  not  strained  much  beyond  the 
average  yield  point  of  steel;  otherwise,  all  should 
have  bent. 

Those  columns,  buried  in  the  ground,  were  25 
ft.  high  above  the  surface  and  the  bend  was  about 
5  ft.  above  the  ground  line,  as  in  Fig.  1.  The  static 
load,  W,  equivalent  to  the  earthquake  impact,  ap- 
plied at  the  center  of  gravity  of  the  bent  portion 
■  therefore  can  be  obtained  as  follows,  8  being  the 
section  modulus: 

W  X  120  =  30  000  S. 

For  a  T^-in.  I-beam  with  SJ-in.  flange  width 
and  §  in.  thick,  8  was  taken  as  12.  Therefore, 
W  =  3  000  lb. 

This  could  not  be  taken  as  an  absolute  value  for  any  pole  of  the 
same  height,  but  should  be  considered  as  a  force  of  inertia  for  the 
weight  of  the  bent  portion  of  the  beam,  or  330  lb.  (16.5  lb.  per  lin.  ft. 
for  the  20-ft.  length).     Hence: 

Earthquake  Impact  _  3  000  _  q  -. 
Weight  of  Column  ~"     330    "" 
Or,  say,  9,  in  round  numbers,  for  a  pole  buried  in  the  ground,  free  at 
the  top,  and  acting  as  a  cantilever. 

This  reasoning  was  satisfactorily  checked  by  the  formula  for  the 
acceleration  of  an  earthquake  given  in  the  Encyclopedia  Britannica, 
the  writer  thinks  on  Milne's  authority,  as  follows : 


'iiiiiiiiiniiiiii/ii 

Fig.  1. 


1  g  FA  B 
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in  whicli 

a  =  acceleration  per  second  per  second; 

F  =  ultimate  strength,  or  force  per  unit  surface  which  when  grad- 
ually applied  produces  fracture ; 
A  =  area  of  base  fractured ; 
5 ^thickness  of  column; 

/  =;  height  of  center  of  gravity  of  column  above  the  fractured  base; 
v>  =  weight  of  the  portion  broken  off ; 

By  substituting  and  calling  x  the  breadth  of  a  rectangular  beam, 
A  ^  X  B,  and 

AB       X  B^ 


6  6 


=  S 


where  S  is  the  section  modulus  for  a  rectangular  beam.    Then 

FS 
f  tv 

and 

_  aw   _  FS 
,n  a  =  -^=  -j- 

or,  force  of  inertia  X  /  =  ^  X  'S^- 

In  other  words:  Bending  moment  due  to  earthquake  impact  must 
equal  resisting  moment.  This  coincides  exactly  with  the  writer's  point 
of  view,  and  the  foregoing  computations.  These  computations  apply  to 
a  pole  with  a  free  end  acting  as  a  cantilever  under  the  earthquake  trans- 
verse force,  whereas  the  walls  of  a  building  are  tied  across  by  joists 
or  roof  trusses  which  make  them  act  as  supported  beams.  In  fact  the 
pillars  and  columns  with  flat  ends  are  about  an  intermediate  case 
between  supported  and  fixed  ends,  but  if  they  are  dealt  with  as  sup- 
ported ends  the  results  will  be  on  the  safe  side. 

The  likelihood  of  vibration,  for  different  beams,  is  measured  by  the 
deflection  taken  under  similar  loading  conditions,  and,  therefore,  the 
deflection  ratio  will  show  the  ratio  of  the  force  of  inertia  on  a  can- 
tilever and  a  simple  beam  of  the  same  weight,  cross-section,  and  span. 

For  the  sake  of  comparison,  the  writer  adopted  the  formulas  for 
deflections  of  beams  under  uniformly  distributed  loads,  although  the 
distribution  of  forces  of  inertia  along  the  beam  is  not  uniform.  In 
accordance  with  this  principle,  if  the  earthquake  impact  on  a  canti- 
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lever  is  9.1  times  its  weight,  the  same  earthquake  impact  on  a  simple 
beam  should  be: 

8       9.1 
9.1  X  =-  =  —  =  0.95  times  its  weight. 
76       9.5  ° 

Although  the  assumption  of  simply  supported  ends  for  columns  and 
pillars  of  buildings,  as  made  in  the  foregoing  computation,  results  on 
the  safe  side  against  the  error  due  to  the  non-uniform  distribution  of 
forces  of  inertia  along  the  vibrating  beams,  the  theory  was  not  accepted 
until  checked  by  facts.  The  necessary  confirmation  having  been  found 
in  the  damage  done  by  the  earthquake  to  Las  Vacas  Viaduct,  3  miles 
east  of  Guatemala  City.  This  damage  consisted  in  the  shearing  of  some 
of  the  sole-plate  rivets  connecting  the  trusses  to  the  towers,  although 
none  of  the  trusses  was  displaced  from  the  supports. 

The  Las  Vacas  Viaduct  is  743  ft.  long,  203  ft.  in  maximum  height, 
and  its  weight  is  976  tons  of  structural  steel  with  166  tons  of  track 
material,  or  a  total  of  1 142  tons.  There  are  seven  towers,  the  dam- 
aged ones  being  127  ft.  high,  which  is  practically  the  average. 

It  might  be  assumed,  therefore,  that  the  weight  of  the  part  of  the 
structure  straining  the  sole-plate  rivets  was  one-seventh  of  the  total 
weight,  or  163  tons.  There  are  sixteen  sole-plate  rivets,  |  in.  in  diam- 
eter, on  a  tower,  with  sole-plates  -^  in.  thick.  The  ultimate  strength 
of  these  rivets  should  be  157  tons  at  the  rate  of  30  tons  per  sq.  in.  The 
earthquake  impact,  according  to  the  foregoing  theory,  should  be 
0.95  X  163  =  155  tons.  It  is  seen  that  these  two  figures  practically 
agree.  '  1 

Again,  since  only  two  towers  were  damaged,  it  follows  that  the  strain 
was  not  much  beyond  the  breaking  point;  otherwise,  all  the  forces 
should  have  given  way.  Also,  in  all  probability  there  were  along  the 
viaduct  some  fixed  points,  or  noduli,  as  there  are  along  vibrating  strings. 

As  to  the  analysis  of  the  nature  of  the  strains  developed  by  the  earth- 
quake, the  writer  did  not  even  attempt  to  imdertake  it,  since  such  strains 
are  of  all  kinds,  oscillation,  trepidation  and  swirls. 

The  foregoing  refers  to  the  reinforced  concrete  or  steel  frame  of  the 
buildings,  the  panel  walls  of  which  are  brickwork  in  many  cases — the 
only  feasible  type  of  construction  in  view  of  the  scarcity  of  cement  and 
steel  due  to  the  War.  It  was  quite  difficult  to  determine  the  earthquake 
impact  on  brickwork  panels,  since  the  application  of  the  elastic  theory 
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to  such  a  variable  material  as  brickwork  is  rather  uncertain,  but  for  a 

comparison  with  other  observations  they  were  considered  as  fixed  slabs, 

since  they  are  held  on  four  sides  by  concrete  pillars  and  wall-plates. 

To  obtain  a  simple  formula  for  the  deflection  of  such  brick  panels, 

in  order  to  estimate  the  corresponding  earthquake  impact,  the  following 

theory  was  applied.    From  the  fundamental  equation, 

EI 
=  M 

P 

the  deflections  are  proportional  to  the  moments.    In  ordinary  practice  it 

is  accepted  that  the  bending  moment  for  a  square  concrete  slab   is 

Wl  Wl 

M  = ,  as  compared  with  M  =  — —  for  a  beam.     That  is  to  say,  the 

^U  J-U 

bending  moment  for  the  slab  is  half  the  bending  moment  for  the  beam 
under  the  same  load. 

It  appears,  therefore,  to  be  close  enough  to  assume  that  the  deflection, 
J,  for  the  slab  should  be  half  the  deflection  for  a  beam  with  ends  fixed, 
or,  say, 

;_     p  i^ 

^*~   7Q8EI' 
If  so,  the  ratio  of  the  earthquake  impact  to  the  weight  should  be,  by 
comparison  with  the  ratio  for  a  cantilever  as  obtained  in  the  foregoing, 
as  follows: 

9,1  X  4  =  0.09. 

This  agrees  quite  well  with  the  ratio  — -  =  0.83,  given  by  the  Italian 

J.  ij 

Committee. 

A  24-in.  wall,  assuming  its  weight  to  be  150  lb.  per  cu,  ft.,  should 
have  an  earthquake  impact  per  square  foot  of  25  lb.  according  to  the 
ratio  given  by  the  Italian  Committee,  or  27  lb.  according  to  the  writer's 
assumptions.  Adding  a  wind  pressure  of  30  lb.  per  sq.  ft.,  the  distance 
between  the  concrete  pillars  required  to  prevent  the  brick  panels  from 
collapsing  can  be  computed. 

This  was  done  by  considering  a  portion  of  wall  1  ft.  deep,  disregard- 
ing the  slab  effect  so  as  to  be  on  the  safe  side.  This  section  of  wall, 
assumed  as  a  simple  beam,  would  be  acted  upon  by  an  earthquake  impact 
0.95  times  its  weight,  and  the  stress  should  not  exceed  the  allowable 
transverse  stress,  taken  as  10  lb.  per  sq.  in.  as  a  conservative  value.    The 
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end  shear  slioiild  not  go  beyond  2  880  lb.  and  the  corresponding  weight 

9  QQA 

of  wall  for  half  the  span  should  not  be  more  than  '^  =:  3  030  lb. 

0.95 

Assuming  the  weight  of  1  lin.  ft.  of  wall  2  ft.  thick  at  300  lb.,  it  follows 
that  a  20-ft.  distance  between  pillars  is  perfectly  safe. 

It  might  be  objected  that  the  weight  of  roof  has  been  neglected  in 
the  previously  mentioned  calculations,  but  the  writer  thinks  that  such 
weight  rather  adds  to  the  stability  of  the  walls  by  bracing  them  against 
each  other. 

As  a  matter  of  fact,  the  inspection  of  various  ruins  proved  that,  in 
almost  all  cases,  the  gable  ends  of  buildings  collapsed  while  the  side- 
walls  supporting  the  roof  trusses  remained  standing  in  more  or  less 
bad  shape,  which  goes  to  prove  that  the  roof  trusses  were  more  of  a  help 
than  a  weakness,  in  spite  of  their  weight,  which,  by  the  way,  was  rather 
great,  since  before  the  earthquake  practically  all  the  roofs  in  town  were 
of  pantiles. 

Finally,  sufficient  reinforcement  was  allowed  in  the  concrete  wall- 
plates  to  make  a  belt  arovmd  the  buildings  and  main  partitions,  the 
tensile  strength  of  which  should  prevent  cracking  at  the  corners,  this 
having  been  suggested  by  S.  F.  Shaw,  M.  Am.  Soc.  C.  E.,  at  that  time 
Chief  Engineer  of  the  International  Railways  of  Central  America. 

Although  the  preceding  reasoning  and  calculations  are  far  from 
accurate,  they  agree  well  with  facts,  and  they  were  developed  with  the 
idea  of  being  on  the  safe  side  and  within  reasonable  limits. 

Tests  of  Native  Woods. 

In  connection  with  the  reconstruction  work,  some  tests  were  made 
of  several  kinds  of  wood  which  are  not  commonly  used  for  building 
purposes,  with  a  view  to  adopting  those  passing  the  tests  satisfactorily. 
The  writer  thinks  the  results  of  his  investigation  might  be  of  use  to 
engineers  in  tropical  countries,  if  not  as  absolute  values,  at  least  as  a 
guide. 

The  investigations  were  based  on  some  fundamental  ideas  pointed 
out  in  the  discussion  of  a  paper  by  Henry  S.  Prichard,  M.  Am.  Soc. 
C.  E.,  on>  "Faults  in  the  Theory  of  Flexure",*  that  is,  the  transverse 
deformation  of  materials  depends  not  only  on  the  strength  of  fibers 
themselves,  but  on  the  bond  between  fibers  as  well,  especially  in  wood, 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.,  LXXV,  p.  895. 
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the  fibers  of  which  adhere  to  each  other  by  means  of  such  a  variety  of 
cementing  substances.  Furthermore,  some  connection  between  the 
elasticity  of  timbers  and  their  durability  was  sought  as  a  check  to  sup- 
plement the  chemical  treatment,  as  explained  later. 

Among  cementing  substances,  the  albuminoids  and  carbo-hydrates 
are  food  for  fungi  and  insects.  It  was  the  writer's  opinion  that  all  kinds 
of  wood  with  a  high  modulus  of  elasticity,  E,  as  compared  with  ultimate 
transverse  strength  or  modulus  of  rupture,  R,  which  ratio  might  be 
called  "modulus  of  brittleness,"  would  contain  a  large  quantity  of 
albuminoids  and  sugar,  and  hence  attract  fungi  and  insects  and  cause 
rapid  weakening  and  decay ;  also,  that  there  should  be  some  more  or  less 
constant  ratio  between  the  durability  in  the  ground  and  the  resistance 
to  artificial  decay  by  chemicals.  The  only  chemical  available  at  that 
time  for  applying  the  latter  test  was  the  hypo-sulphite  of  soda  com- 
monly used  in  photography,  which  was  substituted  for  the  sulphite  of 
lime  to  make  paper  paste. 

By  comparing  the  behavior  of  some  known  and  some  relatively 
unknown  kinds  of  wood  through  these  tests,  the  writer  expected  to 
arrive  at  some  reasonable  conclusions  in  regard  to  durability.  The 
rough  means  of  experimenting  available  at  the  time  make  the  figures, 
given  later,  unsuitable  for  accurate  calculations,  but  approximate 
enough  as  a  guide. 

The  transverse  bending  strength,  R,  and  the  coefficient  of  elasticity, 
E,  were  determined  by  simply  supporting  a  beam  1  in.  square  on  sup- 
ports 24  in.  apart,  the  center  breaking  load  consisting  of  old  castings 
and  track  bolts,  the  deflections  being  measured  by  a  thread  stretched 
between  supports.  For  this  case,  the  ordinary  theory  of  flexure  leads 
to  the  following  expressions: 

R  =  ultimate  strength  in  bending  =  36  X  center  breaking  load 

„  Center  load 

^  =  3  456  X  ,,    ^     ^. ■     ■     , 

Deflection,  in  inches 

■  Four  specimens  of  each  kind  of  wood  were  tested,  the  deflections 
being  measured  under  five  different  loads  for  the  same  specimen.  The 
timbers  were  unseasoned;  in  fact,  they  were  samples  sent  by  the  pro- 
posed contractors. 

The  chemical  treatment  was  applied  by  putting  a  slice,  i  in.  thick, 
of  the  broken  1-in.  beams  in  a  vessel  made  of  a  3-in.  nipple  closed  with 
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pipe  plugs  at  the  ends,  the  vessel  being  filled  with  75  cu.  cm.  of  a 
solution  of  hypo-sulphite  of  soda  with  a  strength  of  36%  and  3  cu. 
cm.  of  hydro-chloric  acid  with  a  density  of  1.08.  These  vessels  were 
enclosed  in  a  cylinder  connected  to  the  shop  boiler  and  fitted  with  a 
steam  gauge  to  maintain  the  unit  pressure  at  45  lb.  during  45  hours. 

After  treatment  the  specimens  were  tested  with  a  home-made  Vicat 
needle  1  mm.  square,  weighing  5J  lb.,  the  penetration  of  which  afforded 
a  comparison  between  the  known  and  relatively  unknown  woods. 

Each  specimen  was  tested  ten  times.  Most  of  the  native  woods  that 
were  tested  have  never  been  classified,  and  it  is  impossible,  therefore,  to 
give  their  scientific  names,  but  engineers  who  have  worked  in  the 
tropics  will  very  likely  recognize  many  of  them.  By  comparing  the 
results  obtained  for  the  known  woods,  it  was  considered  that  values  of 
the  modulus  of  brittleness  under  150  are  favorable,  as  a  rule,  but  for 
very  strong  woods,  the  ultimate  transverse  strength  of  which  is  more 
than  13  000  lb.  per  sq.  in.,  values  of  the  modulus  of  brittleness  might 
be  acceptable  up  to  200. 

A  needle  penetration  of  less  than  2  mm.  appeared  to  be  favorable. 
The  strength  of  chemicals  and  time  of  steaming  were  determined  by 
trial. 

The  results  of  the  tests  are  given  in  Table  1. 


TABLE  1. — Eesults  op  Tests  of  Tropical  Woods. 


d 

Name  of  wood. 

Modulus  of 
rupture,  R, 
in  pounds, 
per  sq  uare 
inch. 

Modulus  of 

elasticity,  E, 

in  pounds 

per  square 

inch. 

Modulus  of 

brittleness, 

E 

b' 

Size 

of  nail 

splitting 

specimen. 

Needle 
penetration 

after 
treatment, 

in 
millimeters 

1 

Sangria 

12  736 

5  652 
10  605 

10  449 

12  663 
14  751 

9  847 

11  754 
17  335 
21  474 

13  167 
8  766 

16  880 
16  587 
10  953 

6  644 
10  278 

12  285 

1  558  000 
1  261  000 
1  819  000 
1  539  000 

1  862  000 

2  702  000 
1  705  000 

1  857  000 
4  848  000 

2  509  000 
2  408  000 

1  583  000 

2  339  000 
2  C95  000 
1  569  000 

958  000 
1  239  000 
1  556  000 

122 
223 
171 
147 
148 
186 
173 
158 
279 
117 
182 
180 
142 
131 
144 
145 
120 
126 

40d. 
40d. 
20d. 
20d. 
20d. 
16d. 
20d. 
20d. 
20d. 
20d. 
20d. 
30d. 
16d. 
20d. 
20d. 
40d. 
20d. 
20d. 

1.47 

2 

6.00 

3.. 
4.. 
5.. 
6.. 

7 

Leche  Amarilla  . . . 

Santa  Maria 

False  Fustic 

Fustic 

2.30 
1.47 
2.30 
Practicallj-  nil. 
1.75 

8.. 

9.. 
10.. 
11 

Red  chichique 

White  chichique. . . 
Chichipate 

2.20 

6.00 

Practically  nil. 

1.10 

12.. 
13.. 
14.. 
15 

Native  pitch  pine.. 

Campanillo 

GtiachipiUn 

Genizaro 

2.40 
1.30 
0.70 
1.00 

16.. 
17.. 
18.. 
19. 

Laurel  (Atlantic)  . 

Black  laurel 

Madrecacao 

5.00 

0.60 

0.40 

Practically  nil. 
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Sample  No.  1,  Sangria. — There  were  contradictory  reports  about  this 
sample,  Sangria,  because  of  different  woods  with  similar  names. 

Sample  No.  2,  Sangre. — This  is  very  similar  to  Sample  No.  1,  but 
of  a  lighter  weight  and  of  the  undesirable  kind;  the  results  of  the  tests 
made  it  possible  clearly  to  differentiate  both  kinds. 

Sample  No.  S,  Leche  Amarilla. — On  account  of  its  yellow  juice,  the 
third  sample  had  the  name  "Leche  Amarilla".  The  ultimate  transverse 
strength  10  605  lb.  per  sq.  in.  is  the  average  of  four  specimens,  one  of 
which  was  as  low  as  7  000  lb. 

Sample  No.  4,  Santa  Maria. — Some  foundation  blocks  of  Santa 
Maria  were  reported  to  be  perfectly  sound  after  five  years  in  the  ground. 

Sample  No.  5,  False  Mora,  or  Fustic. — A  specimen  of  an  odd  wood 
was  received,  the  sender  claiming  that  it  was  Mora  or  Fustic  which  in 
the  war  days  was  exported  as  dyewood.  The  results  of  the  tests  are  as 
given  in  Table  1.  The  needle  penetration  of  more  than  2  mm.  and  the 
modulus  of  brittleness  under  150,  but  very  close  to  it,  contradicted  the 
well-known  lasting  qualities  of  Fustic.  This  being  the  case,  the  orig- 
inal log  was  examined  by  a  wood  expert  and  compared  with  a  log  of  true 
Fustic,  with  the  result  that  it  was  found  that  the  sample  was  not  true 
Fustic. 

Sample  No.  6,  True  Mora,  or  Fustic. — The  results  of  tests  of  true 

Mora  or  Fustic  were  as  stated  in  Table  1.    The  needle  penetration  was 

inappreciable  and  the  specimen  could  not  be  broken  with  the  fingers  as 

had  been  done  with  more  or  less  difficulty  with  previous  samples.    This 

harmonizes  with  the  writer's  assumptions  and  the  well-known  durability 

E 
of  Fustic,  but  leads  to  allowing  values  up  to  200  for-—,  if  R  is  more 

than  13  000. 

Sample  No.  7,  Hormigo. — The  sapwood  of  Hormigo  rots  out  very 
quickly,  although  its  heartwood  has  proved  satisfactory  in  actual  prac- 
tice. The  specimen  used  had  a  fair  percentage  of  sapwood.  The 
modulus  of  brittleness  was  rather  high,  due  to  the  sapwood  in  the 
sample,  whereas  the  slice  used  for  chemical  treatment  was  practically 
all  heartwood. 

Sample  No.  8,  Red  Chichique;  Sample  No.  9,  White  Chichique. — 
There  are  two  varieties  of  Chichique,  red  and  white,  which  lead  to  con- 
tradictory reports.  The  red  variety  has  a  life  of,  say,  5  years  in  the 
ground.    The  unfavorable  results  for  white  Chichique  are  confirmed  by 
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actual  practice,  as  the  white  variety  is  rotten  after  being  2  years  in  the 
ground. 

Sample  No.  10,  Chichipate. — This  wood  has  a  very  good  reputation 
in  actual  practice.  This  specimen  was  rather  well  seasoned,  as  it 
came  from  car  shop  stock. 

Sample  No.  11,  Nance. — This  was  reported  as  giving  satisfaction  in 
the  ground  for  foundation  blocks. 

Sample  No.  12,  Native  Pitch  Pine. — The  penetration  was  quite 
variable,  sometimes  being  as  much  as  3.5  mm.  There  are  reports  of 
some  posts  of  this  quality  rotting  after  2  years  in  the  ground. 

Sample  No.  13,  Campanillo. — This  wood  has  proved  to  be  fairly  good 
in  actual  practice. 

Sample  No.  14,  Guachipilin. — This  wood  is  very  good  in  actual 
practice. 

Sample  No.  15,  Genizaro. — This  is  fairly  good  in  actual  practice. 

Sample  No.  16,  Laurel  (Atlantic  Side). — There  is  a  very  good  wood 
called  black  laurel  on  the  Pacific  Coast,  and  some  samples  were  brought 
from  the  Atlantic  Coast  with  the  expectation  that  they  would  be  as 
good  as  the  others.  The  tests  showed,  however,  when  compared  with 
Sample  No.  17,  that  this  expectation  was  not  fulfilled. 

Sample  No.  17,  Black  Laurel. — The  results  for  this  wood  confirmed 
its  lasting  qualities  and  are  quite  different  from  the  laurel  on  the 
Atlantic  side.  Sample  'No.  16. 

Sample  No.  18,  Madrecacao. — The  results  for  this  wood  require  no 
comment. 

Sample  No.  19,  Giiayacan  (Lignum  Vitce).—'No  sample  of  the 
required  dimensions  for  the  physical  tests  was  available,  but  for  the 
sake  of  confirming  the  effectiveness  of  the  chemical  treatment,  a  small 
sample  on  hand  was  subjected  to  it.    The  needle  penetration  was  nil. 

Several  specimens  of  unlmown  woods  were  tested,  as  well,  and  by 
comparison  with  the  results  for  the  samples  as  listed  in  Table  1,  some 
reasonable  probabilities  were  obtained  as  to  their  lasting  qualities,  which 
made  it  possible  to  accept  or  reject  them  in  contracts. 

The  foregoing  tests  having  been  made  more  than  a  year  ago,  suffi- 
cient time  has  not  yet  elapsed  for  actual  experience  to  confirm  or  con- 
tradict the  results,  although  they  agree  fairly  well  with  the  information 
available  at  the  time. 
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Synopsis, 

The  Courts  having  ruled  that,  in  estimating  the  fair  value  of  any- 
operating  property,  the  fact  that  the  property  is  a  going  concern  must 
be  taken  into  consideration  and  that  this  fact  is  an  element  of  value, 
there  remains  to  be  devised  a  method  whereby,  vs^hen  the  fairness  of  the 
rates  is  in  question,  this  fair  value  of  the  property  can  be  estimated 
with  reasonable  accuracy. 

The  method  which  of  late  years  has  found  most  favor  is  that 
usually  termed  the  Cost-of-Reproduction  Method.  In  a  general  way, 
value  is  arrived  at  by  this  method  about  as  follows : 

From  cost  of  reproduction  of  the  physical  property  (including  a 
percentage  for  overhead  costs)  deduct  "depreciation";  to  this  add 
going  concern  value. 

The  method  does  not  seem  to  rest  on  sound  economic  principles,  and 
parts  of  the  practical  operations  involved  in  its  use  do  not  appeal  to 
the  logical  mind.  Too  much  is  left  to  mere  personal  opinion  uncon- 
trolled by  guiding  principles. 

One  Court  observed  that  he  reluctantly  accepted  this  method 
because  he  did  not  know  of  a  better  one.     The  remark  of  the  Master 

*  This  paper  will  not  be  presented  for  discussion  at  any  meeting  of  the  Society, 
but  written  communications  on  the  subject  are  invited  for  subsequent  publication  in 
Proceedings,  and  with  the  paper  in  Transactions. 

t  New  York  City. 
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in  the  recent  Denver  Water  Company  Case  with  reference  to  going  con- 
cern value  is  also  illustrative.    He  states : 

"There  is  no  absolute  standard  by  which  the  fair  value  of  this  ele- 
ment can  be  determined,  and  I  adopt  $800  000,  because  no  matter  how 
often  I  have  considered  the  evidence  and  the  arguments  my  mind 
always  comes  back  to  this  amount  as  reasonable  and  fair  to  all  the 
parties." 

Further  illustration  of  the  difficulties  produced  by  this  method  is 
found  in  the  Minnesota  Rate  Decisions,  in  which  Justice  Hughes 
pointed  out  in  connection  with  the  valuation  of  the  land  of  the  railway 
that  "the  assumption  of  its  [the  railway's]  non-existence,  and  at  the 
same  time  that  the  values  that  rest  upon  it  remain  unchanged,  is  impos- 
sible and  cannot  be  entertained." 

Presumably  the  reproduction  theory  may  be  based  on  the  view  that 
this  presents  the  means  of  estimating  what  the  property  under  valua- 
tion would  have  cost  to  construct  and  develop  if  present-day  condi- 
tions as  to  prices  of  labor,  material,  land,  etc.,  density  of  population,  and 
similar  elements  had  been  present  during  such  period  of  construction 
and  development.  This  is  merely  a  variation  of  the  theory  that  the 
fair  value  of  the  property  is  measured  by  the  investment,  whereas,  as  a 
matter  of  economic  fact,  there  is,  in  general,  no  necessary  relation 
whatever  between  the  value  and  the  cost  of  a  property. 

What  is  urgently  needed  at  the  present  time  is  a  rational  method 
of  valuation  which  is  in  harmony  with  sound  economic  principles  and 
does  not  clash  unnecessarily  with  well-established  legal  decisions. 

The  analysis  of  a  new  method  of  determining  the  fair  value  of  a 
railroad  property,  which  follows,  is  founded  on  seven  basic  propositions : 
1. — A  railroad  corporation  is  a  private  corporation;  its  property, 
although  devoted  to  the  service  of  the  public,  is  private  prop- 
erty, and  its  value  is  as  completely  under  the  protection  of  the 
Constitution  as  that  of  any  other  private  property. 
2. — The  property  of  a  railroad  corporation  devoted  to  the  service 
of  the  public,  and  which  has  been  acquired  through  gifts  or 
donations,  or  from  earnings,  is,  equally  with  property  acquired 
from  the  proceeds  of  the  sale  of  securities,  private  property, 
and  as  such  is  under  the  protection  of  the  Constitution.    The 
surplus  from  the  earnings  of  the  corporation  is  likewise  pri- 
vate property. 
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3. — Every  enterprise  subject  to  regulation  is  entitled  to  be  per- 
mitted to  earn  such  a  return  as,  in  the  field  of  free  and  open 
competition,  would  ordinarily  accrue  to  a  similar  expenditure 
of  energy,  foresight,  and  capital. 

4. — A  public  utility  is  not  entitled  to  a  return  accruable  solely 
because  of  its  possession  of  monopolistic  protection  from  com- 
petition. 

5. — Every  kind  of  business,  without  any  exception,  has  an  element 
of  value  known  as  going  concern  value,  and  such  going  value 
is  in  no  way  connected  with  the  monopoly  or  good  will  value. 

6. — The  market  value  of  any  property  results  from  the  use  to  which 
it  is  put  and  varies  with  the  profitableness  of  that  use,  present 
and  prospective,  actual  and  anticipated.  There  is  no  pecuniary 
value  outside  of  that  which  results  from  such  use.  The 
amount  and  profitable  character  of  such  use  determine  the 
value.  The  measure  of  that  value  is  its  profitableness,  present 
and  prospective,  actual  and  anticipated. 

7. — The  fair  value  of  a  property  is  measured  by  its  profitableness, 
present  and  prospective,  actual  and  anticipated,  under  fair 
rates. 

The  analysis  results  in  the  development  of  the  Prospective  Com- 
petitor Method  of  valuation.  The  steps  recommended  in  the  case  of  a 
valuation  of  a  monopoly  by  this  method  are  as  follows: 

1. — Production  of  a  prospective  competitor  (instead  of  "reproduc- 
tion" of  the  property  under  valuation). 

2. — Determination  of  the  rate  level  which  (within  that  maximum 
period  of  time  beyond  which  capital  would  not  be  willing  to 
wait)  will  enable  said  competitor  to  earn  a  fair  return  on  its 
investment  to  date. 

3. — Determination  of  the  annual  net  earnings,  as  of  the  date  of 
valuation,  of  the  property  under  valuation  and  at  the  rate 
level  indicated  in  Item  (2). 

4. — Capitalization  of  the  annual  net  earnings  indicated  in  Item 
(3)  ;  this  capitalized  amount  is  the  fair  value  of  the  property 
under  valuation.  In  the  case  of  properties  subject  to  competi- 
tion, the  fair  value  of  all  such  properties  combined  (and 
which    combination,    consequently,    may    be    treated    as    a 
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monopoly)  is  first  obtained  by  the  preceding  method ;  the  com- 
mon fair  rate  level  is  also  ascertained.  By  the  application  of 
this  rate  level  to  the  individual  properties,  the  fair  return  of 
each  is  ascertained.  Capitalization  of  such  individual  fair 
return  gives  the  individual  fair  value. 

The  Competitor  Method  practically  involves  no  difficulties  which 
are  not  met  with  in  the  Reproduction  Method,  while  it  is  logical  through- 
out and  is  based  on  sound  principles  of  economics. 


I.  General  Principles  and  Recommended  Procedure. 
1. — Railway  Valuation,  Its  Theory  and  Uses. 

For  many  years  the  railways  have  contended  that  the  activities  of 
the  Interstate  Commerce  Commission  and  of  the  State  Commissions 
have  resulted  in  the  lowering  of  transportation  rates  to  a  point  where 
the  prosperity  of  the  industry  has  been  seriously  interfered  with.  The 
Commissions  have  always  replied  to  this  accusation  that,  while  the 
railroads  certainly  are  not  earning  the  normal  rate  of  return  on  their 
capitalization,  they  are  earning,  at  the  very  least  a  fair  rate  of  return 
on  their  fair  values;  that  the  real  trouble  with  the  railroads  is  and 
has  been  that  they  are  so  greatly  over-capitalized  that  a  fair  charge  for 
transportation  produces  a  comparatively  small  rate  of  return  on  the 
enormously  watered  capitalization. 

After  many  years  of  persistent  recommendation  on  the  part  of  the 
Interstate  Commerce  Commission,  Congress  passed  the  law  calling  for 
valuation  of  the  railroads,  which  is  now  in  progress.  The  principal 
reasons  given  by  the  Commission  for  its  recommendation  were  that 
the  information  was  needed  in  connection  with  the  proper  execution 
of  the  duties  of  the  Commission,  and  that  the  controversy  over  railway 
values  should  finally  be  cleared  up  in  the  interest  of  all  parties. 

Since  the  passage  of  the  Valuation  Act,  numerous  comments  have 
been  heard  at  frequent  intervals,  among  these  being  statements  that 
it  is  impossible  to  find  the  value  of  a  railway  property;  that  the  value, 
being  dependent  on  earnings,  is  constantly  changing,  and  that  the 
valuation  to-day  would  be  out  of  date  to-morrow;  that  valuation  is 
useless  for  rate-making  purposes,  as  the  rates  do  not  depend  in  any 
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way  on  the  value  of  the  property  used;  that  there  is  no  need  for  the 
regulation  of  railway  rates,  for  the  reason  that  the  business  itself  affords 
a  sufficient  check  over  excessive  rates  (the  very  great  general  increase 
instituted  by  the  Government  as  a  war  measure  hardly  supports  this 
last  contention) ;  and  that  there  are  a  number  of  values  for  the  same 
property,  depending  on  the  use  to  which  the  data  are  to  be  put. 

Discussion  as  to  what  constitutes  fair  value  has  been  even  more 
interesting,  being  largely  colored  by  the  interests  of  those  entering  into 
such  discussion.  The  representatives  of  the  States  have  been  con- 
sistent in  their  position  that  it  was  their  duty  to  see  that  the  public 
did  not  have  imposed  on  it  a  valuation  entirely  in  excess  of  the  equities 
of  the  situation.  The  railroads  have  been  equally  energetic  in  their 
efforts  to  see  that  the  resulting  valuation  did  not  arrive  at  an 
inequitably  small  result.  Apparently,  the  Division  of  Valuation  of 
the  Interstate  Commerce  Commission  early  came  to  the  conclusion 
that  the  railroads  were  amply  able,  on  all  proper  occasion,  to 
demonstrate  clearly  the  propriety  of  deciding  in  their  favor  any 
doubtful  points,  and  that  the  proper  policy  was  to  start  out  with  assump- 
tions which  would  produce  the  smallest  values;  then,  through  hearings 
before  the  Division  and  before  the  Interstate  Commerce  Commission, 
thrash  out  the  points  of  controversy  to  an  equitable  conclusion. 

One  of  the  first  claims  made  as  to  the  constitution  of  "value"  was 
that  it  was  identical  with  "cost  of  reproduction"  of  the  existing  prop- 
erty, no  allowance  being  made  for  appreciation  in  the  value  of  land; 
the  railroads,  being  public  utilities,  were  assumed  not  to  be  entitled 
to  any  unearned  increment.  As  this  position  apparently  became  legally 
untenable,  and  as  the  items  of  cost  of  reproduction  ordinarily  over- 
looked by  the  casual  observer  became  increasingly  important,  a  tendency 
developed  to  assert  that  value  equals,  not  cost  of  reproduction,  but 
original  cost  to  date  of  the  existing  properties. 

The  effect  on  value  produced  by  depreciation  and  appreciation 
existing  in  the  property  has  also  been  widely  discussed.  Another 
of  the  frequently  heard  statements  in  connection  with  the  ascertain- 
ment of  value  is  that  it  is  not  a  matter  of  fi:xed  rules,  this 
quotation  from  a  decision  of  the  Supreme  Court  being  interpreted  to  the 
effect  that  there  are  no  fundamental  principles  on  which  the  ascertain- 
ment of  value  can  be  based,  thus  still  further  befogging  an  already  com- 
plex subject. 
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Ill  none  of  the  many  discussions  on  the  ascertainment  of  value  has 
there  been  any  complete  analysis  of  the  problem,  followed  by  an 
attempt  to  work  out  principles  solidly  founded  on  equity  and  eco- 
nomics. The  present  discussion  is  an  attempt  to  analyze  the  entire  prob- 
lem and  then  to  build  up  a  rational  theory  of  valuation  in  harmony,  if 
possible,  with  such  legal  generalities  as  so  far  have  been  promulgated. 

2.— What  Is  a  Public  Utility  ? 

Ordinarily,  when  a  public  utility  is  mentioned,  it  is  understood  that 
a  utility  supplying  water,  or  gas,  or  electric  light,  or  transportation  to  a 
community,  and  operating  under  a  charter  as  a  corporation,  is  meant; 
that  other  activities  such  as  farming,  manufacture  of  steel,  clothing, 
food,  etc.,  are  not  so  regarded. 

There  has  gradually  developed  in  the  public  mind  a  feeling  that 
public  utilities  because  of  their  being  public  utilities,  are  subject  to 
(nitirely  different  economic  laws  and  have  entirely  different  legal  and 
moral  rights  and  obligations  from  those  of  other  forms  of  connnercial 
activity.  This  unreasoned  feeling  has  been  the  cause  of  much  misunder- 
standing and  dissatisfaction  and  of  much  ill-advised  regulation. 

Examined  from  the  broad  point  of  view,  almost  every  form  of  com- 
mercial activity  is  a  public  utility.  The  farmer  does  not  raise  the 
greater  portion  of  his  crops  for  his  own  use,  but  for  the  use  of  the  gen- 
eral public.  The  manufacturer  manufactures  his  product  with  the 
same  object  in  view.  The  essential  difference  between  the  so-called 
public  utilities  and  other  forms  of  enterprise  lies  in  the  fact  that,  in 
the  case  of  the  public  utility,  there  usually  enters  the  element  of 
monopoly,  either  because  of  the  physical  conditions  surrounding  it  or 
because  it  is  to  the  interest  of  the  public  that  the  enterprise  shall  be 
conducted    without    competition. 

Perhaps  a  broad  definition  for  a  public  utility  is  that  it  is  any  indus- 
trial activity  conducted  on  such  a  large  scale  or  under  such  conditions 
that  the  interests  of  a  considerable  portion  of  the  containing  commu- 
nity are  vitally  affected  thereby. 

Looking  to  the  future — bearing  in  mind  the  great  strides  which 
have  been  made  during  the  past  fifty  years  in  the  organization  of  vari- 
ous enterprises — it  seems  probable  that,  in  the  not  distant  future,  many 
other  enterprises  will  have  arrived  at  that  perfection  of  organization 


Papers.]      PROSrECTlVE  COMPETITOR  METHOD  OF  VALUATION  577 

where  sufficient  control  is  exercised  by  a  few  persons  to  enable  them,  if 
unrestrained,  to  reap  the  rewards  possible  only  to  monopoly. 

It  is  sometimes  stated  that  an  enterprise  conducted  by  a  private 
individual  is  not  subject  to  Government  regulation.  This  is  simply  a 
misstatement  of  fact.  It  is  also  frequently  claimed  that  the  giving  of 
the  right  of  eminent  domain  by  the  public  to  certain  corporations  intro- 
duces factors  which  justify  the  public  in  establishing  regulations  not 
otherwise  equitable.  The  purpose  of  the  giving  of  the  right  of  eminent 
domain  has  been  widely  misunderstood  and  misrepresented.  In  certain 
types  of  industry,  in  the  absence  of  the  right  of  eminent  domain,  it 
would  be  possible  for  a  single  individual  to  obstruct,  or  even  to  prevent 
entirely,  the  development  of  a  particular  enterprise.  Yet  it  has  often 
been  to  the  public  interest  to  induce  private  capital  to  enter  such 
fields.  To  this  end,  under  various  restrictions,  the  right  to  condemn 
property,  on  payment  of  fair  compensation,  has  been  granted.  To 
claim  that  the  conferring  of  this  right  carries  with  it  the  privilege  of 
making  later  exactions  on  the  grantee  is  as  if  a  householder  employed 
an  artisan  to  do  certain  work  for  him  in  his  house,  gave  him  the  key 
to  the  house  in  order  to  enable  him  to  enter  therein,  and  then  stated 
to  the  artisan  that  because  of  having  given  him  the  key  he  is  entitled  to 
pay  him  a  smaller  compensation  than  the  going  rate  for  such  service. 

3. — When  and  Why  Regulation  of  Industrial  Activity 
Becomes   Desirable. 

Ordinarily,  in  industrial  activity  on  a  considerable  scale,  there  are 
four  important  parties  at  interest,  namely,  the  owner  of  the  activity 
(the  stockholder),  the  employee,  the  individual  user  of  the  product,  and 
the  general  public. 

Simply  in  his  capacity  of  owner,  the  stockholder  is  interested  only 
in  the  amount  of  profit  obtainable  from  his  investment,  although  that 
interest  extends  to  the  broad  point  of  view  and  is  not  confined  solely 
to  the  narrow  limit  of  immediate  results. 

The  employee  is  primarily  interested  in  the  conditions  of  service 
under  which  he  is  employed  and  the  compensation  received  for  such 
service. 

The  individual  user  of  the  service  is  interested  in  its  quality  and 
in  the  payment  which  he  must  make  therefor.  If  the  service  which 
he  desires  is  an  unusually  expensive  one,  it  is  to  his  interest  that  pay- 
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ment  for  such  service  be  based  on  general  averages  of  cost,  rather  than 
on  the  cost  of  the  individual  service  itself.  For  example,  the  man 
who  lives  at  one  end  of  the  street  car  line  and  has  his  business  at  the 
other  end,  desires  that  a  single  average  fare  be  collected  from  each 
passenger. 

The  general  public,  although  less  acutely  interested  than  the  three 
other  parties,  does  have  a  broad  general  interest  of  considerable  impor- 
tance. It  is  to  its  interest  that  the  relation  between  productivity  and 
effort  expended  (such  as  the  amount  of  capital  utilized)  in  securing  the 
total  production,  be  as  favorable  as  possible,  for  by  improving  this  ratio 
the  wealth  of  the  community  can  be  increased.  The  basis  of  the 
division  of  cost  of  service  is  also  important.  Shall  the  user  pay  the 
entire  cost  of  production  of  that  which  he  uses  or  shall  a  portion  of 
this  cost  be  distributed  (as  by  taxes)  to  the  general  public?  In  this 
connection,  the  general  public  must  bear  in  mind  that  there  is  fre- 
quently an  indirect  value  of  the  service  which  it  alone  receives;  for 
example,  the  first  transcontinental  railroad  in  the*  United  States  made 
possible  the  development  of  the  Western  territories  and  the  knitting 
together  of  widely  separated  populations  into  a  homogeneous  commu- 
nity. Lastly,  there  remains  the  relation  between  the  character  of  the 
industrial  activities  and  the  requirement  for  good  government.  Will  a 
given  policy  of  industrial  activity,  if  permitted,  react  on  the  political 
security  of  the  community? 

Ordinarily,  competition  and  the  relatively  diminutive  character  of 
the  individual  industrial  activity  have  been  found  to  regulate  satisfac- 
torily the  relations  of  the  four  interested  parties  mentioned.  In  the 
absence  of  competition,  whether  due  to  physical  conditions  or  other- 
wise, and  even  in  the  presence  of  competition  in  the  case  of  activities  of 
great  importance,  some  form  of  artificial  regulation  of  the  more  or 
less  conflicting  interests  of  the  various  parties  must  be  resorted  to, 
or  abuses  will  creep  in  and  multiply  to  the  point  where  dangerous 
unrest  is  created,  as  has  been  the  case  in  several  localities  and  on 
several  occasions  in  the  transportation  industry  of  the  United  States. 

4. — What  Is  Valuation  and  What  Are  Its  Uses  in  Connection 

with  Industrial  Regulation? 
The  casual  observer  would  be  apt  to  say  that  valuation  is  the  process 
of  finding  value.     Such,  however,  is  far  from  being  the  entire  story. 
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Valuation  is  the  process  of  ascertaining  one  or  more  of  a  number  of 
things,  among  which  the  following  may  be  mentioned  as  being  the  most 
prominent : 

1. — Forced  sale  value — being  the  amount  in  dollars  for  which  a 
property  would  sell  if  thrown  on  the  market,  as  at  sheriff  sale. 

2. — Market  value — being  the  amount  for  which  a  property  would 
sell  when  the  owner  is  desirous,  but  not  compelled  to  sell,  and~ 
when  the  purchaser  is  desirous,  but  not  compelled  to  purchase. 

3. — Fair  value — being  the  value  for  which  the  property  would  sell 
if  the  commodity  rates  were  fair,  if  the  owner  was  desirous, 
but  not  obliged  to  sell,  and  if  the  buyer  was  desirous,  but  not 
obliged  to  buy. 

4. — Investment  to  date — being  the  net  amount  of  capital  which 
has  been  invested  in  the  property  to  date,  and,  consequently, 
including  expenditures  for  abandoned  property  and  excluding 
the  value  of  aids,  gifts,  grants,  and  donations  received. 

5. — Original  cost  to  date — being  the  same  as  investment  to  date, 
except  that  the  expenditure  for  abandoned  property  is  excluded. 

6. — Cost  of  reproduction — being  the  estimated  cost,  under  normal 
conditions   as   of  the   date   of   valuation,   of   reproducing   the 
existing  property. 
7. — Physical  depreciation — ^being  the  percentage  of  the  useful  life 
of  the  existing  property  which  has  been  consumed  through  age 
and  use. 
8. — Depreciation  of  obsolescence  and  inadequacy — being  the  per- 
centage of  the  life  of  the  property,  as  a  whole  and  for  its  pres- 
ent uses,  which  has  elapsed. 
9. — Tax  value — being  the  amount  on  which  the  property  is  taxed 
(and  depending  on  the  local  tax  laws). 

The  principal  uses  claimed  for  valuation  in  connection  with  indus- 
trial regulation  are  that  the  data  are  more  or  less  necessary  in  order 
to  arrive  at  equitable  conclusions  with  reference  to  taxation,  to  indi- 
vidual rates,  to  the  general  rate  level,  to  the  amount  to  be  paid  in  cases 
of  condemnation  and  sale,  to  capitalization,  and  to  the  giving  of  needed 
information  to  the  investor. 
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5. — What  Is  Value  and  How  Many  Kinds  of  Value  Are  There? 

It  is  the  fashion  in  certain  circles  to  speak  of  value  as  being  a 
nebulous  sort  of  thing,  undefinable  and  incomprehensible  for  valua- 
tion purposes.  It  is  another  example  of  the  cuttle-fish  instinct  to 
muddy  the  water  with  which  the  subject  of  valuation  is  so  frequently 
approached.  The  necessary  first  step  in  any  logical  consideration  of  the 
subject  of  valuation  is  to  define  clearly  this  term  in  its  intended  uses. 

Definition. — Value  is  a  ratio  in  exchange. 

In  other  words,  it  is  a  statement  of  the  number  of  units  of  one  kind 
for  which  a  single  unit  of  another  kind  is  exchangeable.  It  is  a  mere 
abstraction  and  requires  the  addition  of  an  explanatory  and  limiting 
term  to  make  it  available  for  practical  use.  To  illustrate,  a  diamond 
may  have  the  same  money  or  pecuniary  value  as  fifty  tons  of  coal, 
but  it  has  not  the  heating  value  of  one  ton. 

The  forced-sale  value  of  a  property  (which  is  usually  adopted  as 
the  tax  value)  is  often  only  half,  or  less,  of  the  normal  fair  value  where 
neither  buyer  nor  seller  act  under  compulsion.  Also,  there  is  the  sen- 
timental value  which  the  owner  may  place  on  a  commercially  worth- 
less heirloom. 

Definition. — Pecuniary  value  is  the  amount  of  money  a  property 
will  sell  for  when  the  owner  desires,  but  is  not  obliged  to  sell,  and  the 
purchaser  desires,  but  is  not  obliged  to  buy. 

In  this  discussion,  unless  specifically  stated  to  the  contrary,  it  is 
this  value  that  is  referred  to  whenever  the  term  "value"  is  used. 

Evidently  (pecuniary)  value,  as  defined,  is  determined  solely  by 
economic  considerations. 

Definition. — Market  value  is  the  value  of  a  property  as  determined 
by  present  and  probable  future  economic  conditions. 

Regardless  of  the  fairness  of  the  rates  in  effect  in  any  property 
subject  to  regulation,  market  value  is  determined  by  the  existence  and 
probable  continuance  or  discontinuance  of  these  rates,  and  in  disregard 
of  their  fairness  except  as  this  may  reflect  on  their  probable  permanence. 

Definition. — Fair  value  is  the  value  which  a  property  would  have 
if,  for  the  present  rates,  fair  rates  were  substituted,  with  the  reasonable 
certainty  that  they  would  continue  in  the  future. 

It  is  evident  that  there  are  as  many  values  for  a  property  as  there 
are  points  of  view  from  which  the  subject  can  be  approached.    For  the 
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purpose  of  this  discussion,  value  will  be  limited  to  that  for  rate  regula- 
tion and  for  condemnation  and  sale. 

6. — Profitableness  Under  Fair  Rates,  the  Measure  of  Fair  Value. 
What  is  undoubtedly  the  fundamental  economic  law  to  be  kept  in 
mind  in  the  valuation  of  property  for  condemnation  or  for  rate  regu- 
lation has  been  stated  by  the  Supreme  Court  of  the  United  States,  in 
Cleveland,  Cincinnati,  Chicago  and  St.  Louis  Railway  Company  vs. 
Backus,  154  U.  S.  439,  in  the  following  terms: 

"But  the  value  of  the  property  results  from  the  use  to  which  it  is 
put  and  varies  with  the  profitableness  of  that  use,  present  and  prospec- 
tive, actual  and  anticipated.  There  is  no  pecuniary  value  outside  of 
that  which  results  from  such  use.  The  amount  and  profitable  character 
of  such  use  determines  the  value.     *     *     *" 

Although  it  is  true  that,  for  a  property  not  subject  to  regulation, 
the  value  at  any  given  time  is  measured  by  the  profitableness,  present 
and  prospective,  actual  and  anticipated,  this  is  not  the  value  (more 
properly  termed  the  fair  value)  to  be  found  for  use  in  condemnation  or 
for  use  with  reference  to  rate  regulation.  For  such  purpose,  fair  value 
is  measured  by  profitableness,  present  and  prospective,  actual  and 
anticipated,  under  fair  rates.  If  this  were  not  the  case,  it  would  be 
possible,  through  rate  regulation,  to  reduce  the  rates  and,  consequently, 
the  net  earnings  and  the  profitableness  of  the  property  to  any  point 
arbitrarily  selected,  and  then  obtain  a  value  for  condemnation  purposes, 
based  on  such  unfair  rates,  which  would  be  far  below  the  fair  value  of 
the  property.  Such  a  procedure  would  seem,  equitably,  to  be  incon- 
ceivable. 

The  Courts  have  called  attention  to  the  fact  that,  where  the  fair- 
ness of  rates  is  in  doubt,  profitableness  resulting  from  such  rates  can- 
not properly  be  used  in  the  determination  of  fair  value.  This  is 
axiomatic.  The  converse  is  also  axiomatic,  namely,  that  where  the  rates 
are  acknowledged  to  be  fair,  the  fair  value  can  properly  be  ascertained 
by  the  use  of  the  resulting  profitableness  as  its  measure. 

As  fair  value  is  dependent  on  fair  rates  and  fair  rates  on  fair 
value,  it  would  seem  immaterial,  when  neither  is  known,  which  is  to 
be  ascertained  first,  except  that,  contrary  to  the  general  view,  it  is  prac- 
tically much  more  convenient  first  to  ascertain  fair  rates  and  then 
therefrom  to  ascertain  fair  value,  than  to  proceed  in  the  opposite 
direction. 
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7.— "Cost"  vs.  Value. 

When  the  fairness  of  the  rates  is  questioned,  it  is  impossible  directly 
to  apply  any  known  variety  of  profitableness  to  the  measurement  of 
fair  value;  "cost"  in  some  relation  to  the  property  consequently  must  be 
used.  A  brief  consideration  of  several  special  cases,  however,  clearly 
indicates  that,  in  general,  there  is  no  necessary  fixed  relation  between 
the  cost  of  a  property  and  either  its  market  value  or  its  fair  value.* 

If,  therefore,  cost  is  to  be  used  in  the  determination  of  fair  value, 
it  is  necessary  that  it  be  applied  (1),  under  such  special  conditions  as 
shall  create  a  known  relation  between  such  cost  and  the  fair  value,  and 
(2),  where  such  established  relation  shall  be  equitable.  Then,  wherever 
such  conditions  can  be  simulated,  one  can  properly  utilize  such  variety 
of  cost  in  the  determination  of  fair  value. 

Except  through  occasional  accidental  coincidence,  however,  the  only 
circumstances  under  which  cost  bears  a  fixed  relation  to  value  are 
those  in  which  some  one  having  the  necessary  power  decrees  that  such 
commodity  rates  shall  be  charged  that  the  resultant  profitableness  will 
establish  this  chosen  relationship.  This  can  be  done  in  the  case  of  a 
monopoly,  but  it  is  an  impossibility  in  the  case  of  two  or  more  prop- 
erties subject  to  competition.! 

In  order  that  the  owner  of  a  monopoly  under  regulation  shall  not 
be  deprived  of  that  protection  against  confiscation  which  is  guaranteed 
by  the  Constitution,  the  next  step  is  to  inquire  in  what  specific  case, 
capable  of  being  simulated  under  the  above  circumstances,  it  is  equitable 
to  enforce  some  relation  between  cost  and  value  and  as  to  just  what  this 
cost  and  this  relation  are.  This  is  a  problem  in  economics  and  economic 
principles  only  are  involved. 

*  A  plant  for  the  manufacture  of  furniture  is  constructed  in  the  wilderness  at 
a  cost  of  $100  000.  No  purchasers  can  be  found  for  the  product  and  the  salvage 
value  of  the  plant  is  only  $1  000.  Here  the  relation  of  cost  to  value  is  as  100  to  1. 
A  similar  plant  is  built  at  the  same  cost  where  labor  and  raw  materials  are  plentiful 
and  where  the  market  is  so  good  that  the  average  profits  are  $18  000  per  year.  If 
capital  is  worth  6%  per  annum,  the  value  of  this  plant  is  $300  000  and  the  relation 
of  cost  to  value  is  as  1  to  3.  Between  these  extremes  lie  all  varieties  of  relations 
between  cost  and  value. 

t  Consider  two  plants,  A  and  B,  in  competition.  Being  in  competition,  they  must 
adopt  the  same  selling  prices,  or  one  would  do  all  the  business.  Assume  that  the 
"cost"  of  A  is  $100  000  and  that  of  B  $200  000  ;  also  that,  at  the  present  selling 
prices,  A's  gross  earnings  are  $6  000,  and  his  net  earnings  are  $4  000  per  year,  while 
B's  gross  is  $9  000  and  his  net  $5  000.  Suppose  it  is  decreed  that  the  selling  price 
shall  be  raised  one-third  in  order  that  A's  net  shall  become  $6  000.     Then  B's  net 

becomes  $8  000.    Capitalizing,  at  6%,  A's  value  becomes  \  ..   —  $100  000  and  equals 

0.06 

8  000 
his  "cost",  while  B's  value  becomes -^——- =  $133  333  as  against  a  "cost"  of  $200  000. 

0.06  ^ 

No  selling  price  applied  to  both  will  give  each  the  same  ratio  of  cost  to  value. 
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The  owner  of  every  regulated  enterprise  is  entitled  to  earn  the  same 
profit  as  the  same  amount  of  capital,  intelligence,  and  industry  would 
normally  enable  him  to  earn  in  the  field  of  free  and  open  competition.* 
Therefore,  it  becomes  of  fundamental  importance  to  establish  the  prin- 
ciples under  which  commodity  selling  price  is  determined  in  the  open 
field  of  free  competition. 

8. — The  Principles  Governing  Free  Competition — Their  Application 
to  Valuation  of  a  Monopoly. 

Let  us  suppose  some  community  is  served  as  to  some  commodity  by 
a  producer  whom  we  will  call  briefly  the  A.  and  B.  Company.  This 
company  has  been  in  the  field  for  years  and  has  no  competition.  Local 
conditions  do  not  prevent  competition,  and  the  commodity  price  is  not 
limited  by  the  public's  ability  to  pay. 

Certain  capitalists,  whom  we  will  call  the  X.  Y.  Company,  are 
looking  for  a  favorable  opportunity  to  make  investment  of  their  surplus 
capital.  They,  of  course,  have  the  range  of  the  entire  field  of  invest- 
ment, regulated  and  unregulated,  foreign  and  domestic,  from  which 
to  choose;  they  will  enter  that  field  which,  on  investigation,  gives 
promise  of  offering  the  greatest  inducement  as  to  profit,  risk  con- 
sidered. Among  others,  the  field  occupied  by  the  A.  and  B.  Company 
comes  under  their  consideration.  Their  decision  as  to  whether  or  not 
to  become  competitors  of  the  A.  and  B.  Company  will  be  governed  by 
the  answer  which  they  accept  to  the  following  question : 

"Considering  the  difficulty  of  establishing  a  new  enterprise  in  com- 
petition with  an  old,  established  concern,  will  it  be  possible,  within 
a  reasonable  period  of  time  for  such  new  concern  to  create  a  more  than 
normally  profitable  business,  considering  the  amount  of  capital  which 
would  have  to  be  invested  ?" 

As  to  the  amount  of  capital  necessary  to  be  invested  in  the  pro- 
posed new  enterprise,  the  X.  Y.  Company  realizes  the  following : 

1.— Neither  the  amount  of  money  which  it  was  necessary  for  the 
A.  and  B.  Company  to  invest  in  its  plant,  nor  the  profitableness  of  that 
enterprise,  has  any  bearing  on  the  situation. 

*  To  deny  this  is  to  establish  one  of  two  conditions :  If  a  greater  return  is 
allowed,  the  public  is  assessed  a  greater  than  normal  charge  for  service  rendered. 
If  the  right  to  earn  at  least  this  amount  is  denied,  and  it  becomes  known  that  such 
is  the  rule,  capital  cannot  be  enticed  into  the  enterprise,  and  it  will  become  dependent 
on  Government  ownership  or  will  be  destroyed.  For  it  is  an  unquestionable  fact  that 
liquid  capital  is  free  and  will  be  invested  only  where  it  can  obtain  at  least  the  normal 
rate  of  return,  risk  considered.  The  entire  field  of  investment  in  freely  competitive 
enterprises,  at  home  and  abroad,  is  open  to  it  at  all  times.  It  cannot  be  coerced  into 
entering  a  regulated  field  where  it  will  be  compelled  to  accept  less  than  the  normal 
return  obtainable  in  the  competitive  field. 
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2. — The  X.  Y.  Company  will  be  obliged  to  pay  present-day  prices 
for  the  land,  labor,  and  material  entering  into  the  construction  of  its 
plant. 

3. — The  possible  volume  of  business  is  limited  in  amount;  also  this 
total  available  must  be  divided  with  the  A.  and  B.  Company,  already  in 
the  field. 

4. — The  A.  and  B.  Company  cannot  secure  commodity  prices  higher 
than  those  which  the  customer  can  afford  to  pay;  the  X.  Y.  Company 
cannot  secure  prices  higher  than  those  of  the  A.  and  B.  Company. 

5. — In  determining  the  total  amount  of  capital  which  the  X.  Y. 
Company  must  invest  in  its  proposed  enterprise,  there  must  be  included 
not  only  the  actual  expenditures  for  construction,  but  also  the  loss 
of  a  normal  rate  of  return  on  its  expenditures  during  the  construction 
period  and  during  the  lean  years  (the  "development  period")  which 
must  follow,  during  which  its  volume  of  business  is  being  built  up  to  a 
sufficient  density  to  enable  the  normal  rate  of  return  to  be  earned  on 
the  entire  investment. 

One  of  the  most  common  causes  of  failure  of  business  concerns  is 
insufficient  capital;  the  insufficiency  is  all  too  frequently  caused  by 
under-estimating  the  capital  requirements  of  the  development  period 
and  by  failing  to  provide  adequately  for  contingencies. 

In  determining  the  amotint  of  capital  necessary  in  the  competition 
with  the  A.  and  B.  Company,  the  X.  Y.  Company  would  ordinarily  pre- 
pare its  own  plans,  estimate  the  purchase  price  of  the  land  prospectively 
required,  estimate  the  construction  and  operating  costs  of  the  prospec- 
tive plant,  etc.,  in  addition  to  estimating  the  volume  of  business  and 
the  unit  selling  price  probably  obtainable. 

As  a  matter  of  convenience,  however,  the  X.  Y.  Company  might  con- 
clude that  it  could  obtain  practically  the  same  construction-cost  and 
operating-cost  figures  by  taking  the  estimated  cost  of  reproduction  of 
the  A.  and  B.  Company's  plant  under  present-day  conditions  and  by 
using  the  A.  and  B.  Company's  unit  operating  costs.  Herein  lies 
the  sole  economic  justification  for  accepting  "cost  of  reproduction"  as 
a  major  element  in  the  determination  of  value.  The  X.  Y.  Company 
would  still  be  obliged,  however,  to  make  an  independent  estimate,  not 
only  of  the  amount  of  business  which  it,  the  X.  Y.  Company,  as  a 
competitor,  could  secure,  but  also  of  the  capital  cost  to  it  of  its  develop- 
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ment  period  under  these  conditions;  it  could  not  substitute  A.  and  B. 
Company  data  for  this  purpose  and  obtain  acceptable  results. 

In  the  field  of  free  competition,  it  is  the  conditions  facing  the  pro- 
spective competitor  and  not  the  cost  of  the  existing  property  which  con- 
trol commodity  selling  price  and,  consequently,  profitableness  and  value 
of  the  latter.  The  value  of  any  unregulated  individual  enterprise  bears 
no  necessary  relation  to  its  cost.  For  illustration :  The  cost  of  a  manu- 
facturing plant  constructed  in  the  heart  of  Alaska  would  be  much 
greater  than  that  of  a  duplicate  plant  constructed  on  a  railroad  in  the 
State  of  New  York ;  but  the  profitableness  of  the  New  York  plant,  and, 
consequently,  its  value,  would  probably  be  much  greater  than  that  of 
the  Alaska  plant. 

Consideration  of  the  preceding  illustration  of  the  working  of  compe- 
tition in  the  regulation  of  commodity  price  indicates  as  follows: 

A. — The  fair  commodity  selling  price  at  the  time  of  investigation 
and  in  the  field  occupied  by  the  A.  and  B.  Company  is  that  which  is 
just  sufficient  to  permit  a  prospective  competitor — as  the  X.  Y.  Com- 
pany— a  normal  rate  of  return,  risk  considered,  on  its  necessary  capital 
outlay,  this  being  based  on  a  development  period  not  exceeding  that  rea- 
sonable time  which  capital  would  be  content  to  wait  for  a  fair  return. 
For  this  is  a  free  field,  wide  open  to  all  competition;  this  commodity 
price  neither  invites  competition  nor  repels  it;  a  higher  price  estab- 
lished by  the  A.  and  B.  Company  would  attract  competition,  while  a 
lower  price  would  repel  it. 

B. — The  measure  of  fair  value  of  the  A.  and  B.  Company  is  its 
profitableness,  present  and  prospective,  at  this  fair  commodity  selling 
price — just  sufficient  to  permit  a  prospective  competitor  to  earn  a  normal 
rate  of  return,  risk  considered,  on  its  necessary  capital  outlay. 

In  valuation  in  the  non-competitive  fields,  it  is  proper,  therefore, 
instead  of  constructing  a  theoretical  "reproduced  property"  as  is  some- 
times suggested,  to  construct  a  theoretical  "prospective  competitor". 
Thereby  the  conditions  governing  commodity  price  in  the  competitive 
fields  are  simulated  and  the  way  is  thus  opened  to  estimate  fair  com- 
modity price  and  fair  value  of  the  property  under  valuation. 

It  is  to  be  noted  that  the  illustration,  and,  consequently,  the  prin- 
ciples deduced  therefrom,  refer  only  to  the  case  where  the  existing 
company  has  no  competitor;  in  other  words,  it  is  a  monopoly,  though 
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able  to  remain  so  only  by  not  charging  unfair  prices  for  its  com- 
modities. 

9. — Method  of  Estimating  the  Fair  Value  of  an  Enterprise 
Subject  to  Competition. 

Where  the  valuation  of  competitive  properties  is  at  issue,  the  same 
principles  can  be  applied  by  first  considering  all  the  competitive  prop- 
erties as  a  single  unit,  such  unit  being,  of  course,  a  monopoly  of  the 
type  used  in  the  illustration.  In  this  manner,  through  resort  to  the 
use  of  the  prospective  competitor  for  this  monopoly,  the  fair  commod- 
ity price  and  the  sum  of  the  fair  values  of  all  the  competitors  are 
obtained. 

The  problem  still  to  be  solved  is,  having  estimated  the  sum  of  the 
fair  profitableness  and  of  the  fair  values  of  the  properties  regarded  as  a 
unit,  and  having  records  showing  their  present  and  past  individual 
operating  statistics,  how  to  find  their  individual  fair  values. 

The  first  step  is  to  compare  the  sum  of  the  fair  profitableness 
with  the  sum  of  the  normal  actual  profitableness  and  ascertain 
the  percentage  by  which  the  actual  must  be  raised  or  lowered  to 
equal  the  fair  profitableness.  Next,  apply  this  percentage  as  a  correc- 
tion to  each  individual  normal  actual  profitableness  in  order  to  obtain 
its  fair  profitableness;  from  this,  compute  fair  value  by  capitalizing  at 
the  normal  rate  of  return,  risk  considered,  in  such  industry.  For 
example,  three  railroads — A,  B,  and  C — are  in  coigpetition  in  a  certain 
district ;  they  have  present  gross  earnings  of  $10  000  000  and  net 
earnings  of  $4  000  000,  divided  between  them,  as  shown  in  Table  1. 

TABLE  1. 


Road. 
(I) 

Actual  gross. 

(2) 

Actual  net. 
(3) 

Fair  net. 
(4) 

Fair  value  at 

6  per  cent. 

(5) 

A 
B 
C 

$2  000  000 
3  000  000 
5  000  000 

$800  000 

950  000 

2  250  000 

$1  000  000 

1  250  000 

2  750  000 

$16  667  000 
20  833  000 
45  833  000 

Total 

$10  000  000 

$4  000  000 

$5  000  000 

$83  333  000 

Assume  that  valuation  indicated  that  the  total  fair  profitableness  of 
the  three  railroads  should  be  $5  000  000  instead  of  $4  000  000.  In  order 
to  increase  the  net  of  $4  000  000  to  $5  000  000,  it  will  be  necessary  to 
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increase  the  gross  earnings  $1  000  000,  or  10%,  this  being  brought  about 
by  a  10%  raise  in  the  general  rate  level.  Adding  10%  of  its  gross  earnings 
to  the  present  net  earnings  of  each  railroad  gives  the  fair  net,  as 
shown  in  Table  1,  Column  4.  This  amount  capitalized  at  6%  indicates 
a  fair  value,  as  shown  in  Column  5.  If  an  individual  rate,  being  too 
high,  is  lowered,  this  merely  requires  that  slightly  more  than  10%  be 
added  to  the  other  rates  to  produce  the  necessary  fair  gross  earnings. 

10. — Assumptions  and  Mode  of  Procedure  in  the  Determination  of  the 
Fair  Value  of  a  Monopoly  Railroad. 

In  devising  the  various  assumptions  which  must  be  adopted,  in  the 
"competitor"  method  of  estimating  fair  value,  two  fundamental  facts 
should  be  kept  constantly  in  view  as  a  guide,  namely : 

1. — The  object  of  the  resort  to  the  theoretical  "prospective  com- 
petitor" is  to  simulate,  for  the  property  under  valuation,  the  condition 
which  would  normally  be  produced  if  that  monopoly  were  actually 
subject  to  normal  free  competition,  and  thereby  to  make  possible  an 
estimate  of  what  its  profitableness,  under  such  conditions,  would  be. 

2. — It  is  evident  that  the  entire  economic  justification  for  the  use  of 
cost  of  reproduction  as  one  element  in  the  determination  of  value  lies 
in  that,  if  properly  used,  it  ordinarily  gives  practically  the  same  results 
as  wotdd  be  obtained  from  an  out-and-out  new  estimate  of  the  cost 
of  construction  of  a  prospective  competitive  plant ;  the  assumption  must, 
consequently,  always  be  made  with  this  fact  in  view. 

A. — Assumptions. — 

Assumption  1. — The  prospective  competitor  has  the  same  accessi- 
bility to  all  sources  of  revenue  as  the  property  under  valuation.  In 
other  words,  it  can,  when  properly  seasoned,  offer  to  the  customers  of 
the  monopoly  exactly  the  same  facilities  as  those  offered  by  the 
monopoly.  To  illustrate,  the  company  under  valuation  has  certain 
traffic  agreements  with  its  connections ;  the  prospective  competitor  must 
be  assumed,  at  the  cost  of  a  reasonable  amount  of  negotiation,  to  secure 
the  same  terms.  The  old  company  reaches  a  great  manufacturing  plant 
by  means  of  a  track  located  through  the  only  available  route;  the  com- 
petitor must  be  assumed  to  be  able  to  reach  the  same  plant  at  "cost 
of  reproduction"  of  the  old  company's  track. 
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Assumption  2. — The  development  of  the  earning  power  of  the  com- 
petitor will  occur  through  competition,  under  normal  conditions,  with 
the  monopoly  under  valuation,  for  all  the  available  business,  present 
and  prosi)ective. 

Inasmuch  as  the  competitor,  when  properly  seasoned,  is  able  to  oiier 
the  same  inducements  as  can  be  offered  by  the  property  under  valuation, 
it  would  ordinarily  appear  that,  shortly  after  the  commencement  of  its 
operation,  the  competitor  should  divide  equally  with  the  property  under 
valuation  the  then  business  of  the  latter.  Thereafter,  the  normal  rate  of 
growth  of  business  in  the  industry,  in  recent  years,  is  the  rate  of  growth 
to  be  assTimed  for  the  business  of  the  competitor,  for  the  reason  that 
one  of  the  objects  to  be  accomplished  is  the  reduction  of  development 
cost  to  a  normal  basis  regardless  of  the  history  of  the  individual  enter- 
prise (usually  a  history  of  small  enterprises,  failing,  re-organized,  com- 
bined, and  re-combined  over  long  periods  of  time). 

Assumption  3. — The  construction  of  the  competitor's  plant  will  be 
carried  out  under  present-day  methods,  at  present-day  normal  prices 
and  under  present-day  legal  and  economic  conditions.  The  dates  of 
construction  of  the  individual  pieces  of  property  will  be  selected  so  as 
economically  to  harmonize  wit£  the  needs  indicated  by  the  programme 
of  development  of  its  earning  power. 

Except  as  can  clearly  be  shown  would  be  carried  out  otherwise  under 
the  present-day  conditions  confronting  the  competitor,  the  physical 
characteristics,  and,  consequently,  the  construction  quantities,  including 
land,  of  the  competitor  are  taken  as  ultimately  identical  with  those  of 
the  monopoly  mider  valuation.  Construction  evidently  economically 
greatly  in  excess  of  requirements  would  be  developed  piecemeal  as  re- 
quired. Thus,  the  competitor  railroad  would  ultimately  have  the  same 
length  of  line,  grades,  curvature,  quantities  of  grading,  etc.,  as  the  rail- 
road under  valuation,  but  the  structure  built  of  materials  no  longer 
available  would  be  reproduced  with  accessible  materials  of  equal 
suitability. 

Assumption  4. — The  naked  land  value  of  the  lands  adjacent  to  those 
required  by  the  competitor  will  be  the  same,  in  each  case,  as  the  naked 
land  value  of  the  lands  adjacent  to  the  lands  of  the  monopoly.  The 
improvements  assumed  to  be  resting  on  the  land  required  for  the  com- 
petitor are  of  the  same  character  and  value  per  acre  as  those  on  similar 
lands  in  the  general  vicinity,  but  not  necessarily  adjoining  the  monop- 
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oly's  local  facilities.  The  right  of  a  competitor  to  use  public  streets 
would,  or  would  not,  be  paid  for,  according  as  present-day  practices  in 
the  community  dictate. 

Assumption  5. — The  competitor  will  be  obliged  to  pay  for  its  land 
whatever  amounts  experience  teaches  would  ordinarily  have  to  be  paid, 
in  such  communities,  by  railroads,  for  lands  having  naked  land  values 
equal  to  those  surrounding  the  lands  of  the  old  company.  These 
prices  would  include  payments  account  severance  and  other  damages. 

B. — Mode  of  Procedure. — 

1. — A  programme  showing  in  commodities,  not  in  dollars,  the 
estimated  gross  business  of  the  competitor,  year  by  year,  will  be  devel- 
oped for  a  period  sufficiently  long  to  equal,  at  its  end,  the  normal  busi- 
ness of  the  property  under  valuation,  as  of  the  date  of  valuation. 

2. — A  construction  cost  programme  based,  in  general,  on  the  repro- 
duction of  the  existing  properties  of  the  monopoly  under  valuation,  but 
at  a  rate  and  in  an  order  harmonizing  economically  with  the  adopted 
traffic  programme  of  the  competitor,  will  next  be  made. 

3. — An  operating  cost  programme  showing  year  by  year  the  com- 
petitor's estimated  gross  operating  costs,  will  next  be  constructed. 
There  must  be  included  in  operating  expenses  a  proper  annual  allowance 
for  deterioration,  obsolescence,  abandoned  property,  maintenance,  taxes, 
and  rentals  accruing  after  the  commencement  of  operation;  amounts 
accruing  before  this  date  are  a  proper  addition  to  construction  costs. 

4. — Tables  of  annual  gross  and  net  earnings  of  the  competitor 
should  next  be  prepared.  The  rate  level  to  be  used  in  estimating 
the  competitor's  gross  earnings  is  the  lowest  rate  level  which,  within 
that  reasonable  time  which  capital  would  be  contented  to  wait,  will 
produce  net  earnings  for  the  competitor  equal  to  a  fair  return  on  the 
competitor's  cost  to  date. 

5. — From  the  preceding,  the  final  table  showing  the  competitor's 
estimated  cost  to  date  for  each  year  and  including  loss  of  interest  during 
construction  and  loss  of  fair  return  during  operation  can  be  prepared. 

6. — Having  found  the  proper  general  rate  level  for  use  in  estimating 
the  prospective  competitor's  gross  earnings,  the  fair  value  of  the 
property  under  valuation  is  obtained  by  capitalizing  its  profitableness  at 
this  same  rate  level. 
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II.  General  Discussion  of  Miscellaneous  Subjects. 

1.  Summary  of  Important  Principles  Enunciated  by  the  Courts  with 

Eeference  to  Fair  Yalue  and  Fair  Return. 

The  essential  principles  enunciated  by  the  Courts  with  reference 
to  fair  value  and  fair  return  can  be  summarized  as  follows : 

1. — What  the  company  is  entitled  to  ask  in  order  that  it  may  have 
just  compensation,  is  a  fair  return  on  the  fair  or  reasonable 
value  of  that  which  is  at  the  time  utilized  for  the  public 
convenience. 

2. — On  the  other  hand,  what  the  public  is  entitled  to  demand  is  that 
no  more  than  a  reasonable  compensation  shall  be  exacted  for 
the  service  performed. 

3. — The  public  does  not  underwrite  unwise  or  improvident  expendi- 
tures; such  expenditures  do  not  add  to  the  fair  or  reasonable 
value  of  any  property  and  the  company  cannot  demand  of  the 
public  that  it  be  compensated  for  them. 

"We  still  are  left  by  these  decisions  to  discover  the  principles  on 
which  a  proper  method  can  be  based  for  ascertaining  (1),  what  is  the 
fair  value  of  the  property  of  the  company  as  used;  and  (2),  what  is  a 
reasonable  compensation  for  the  service  performed. 

Nor  does  the  following  from  San  Diego  Land  and  Town  Company 
vs.  Jasper,  materially  forward  the  investigation : 

"The  ascertainment  of  that  value  is  not  controlled  by  artificial 
rules.  It  is  not  a  matter  of  formulas,  but  there  must  be  a  reasonable 
judgment  having  its  basis  in  a  proper  consideration  of  all  relevant  facts. 
The  scope  of  the  inquiry  was  thus  broadly  described  in  Smyth  vs.  Ames, 
'in  order  to  ascertain  that  value,  the  original  cost  of  construction,  the 
amount  expended  in  permanent  improvements,  the  amount  and  market 
value  of  its  bonds  and  stock,  the  present  as  compared  with  the  original 
cost  of  construction,  the  probable  earning  capacity  under  particular 
rates  prescribed  by  statute,  and  the  sum  required  to  meet  operating 
expenses,  are  all  matters  for  consideration,  and  are  to  be  given  such 
weight  as  may  be  just  and  right  in  each  case.  We  do  not  say  that 
there  may  not  be  other  matters  to  be  regarded  in  estimating  the  value  of 
the  property.' " 

2. — That  Reasonable  Compensation  to  Which  Rates  Are  to  Be  Limited. 

Most  enterprises  under  regulation  differ  from  those  operating  in  a 

free  competitive  field  in  that  the  former,  to  a  greater  or  less  extent,  are 
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protected  from  competition  by  the  interposition  of  various  physical  and 
legal  barriers.  Thus,  a  water-works  may  be  protected  from  competition 
by  legislative  enactment,  or  it  may  be  protected  through  ownership  of 
the  only  reasonably  available  source  of  supply. 

Reading  between  the  lines  of  the  Court  decisions  with  reference  to 
the  fairness  of  individual  cases  of  rate  regulation,  a  broad  guiding 
principle  which  seems  to  have  been  kept  in  mind  is  that  the  ruling 
should  be  such  as  to  deprive  the  regulated  enterprise  of  the  benefits  of 
any  monopolistic  protection  and  to  permit  of  the  earning  only  of  such 
a  return  as,  in  the  field  of  free  and  open  competition,  would  ordinarily 
accrue  to  a  similar  expenditure  of  energy,  foresight  and  capital.  This 
is  well  illustrated  by  the  remark  of  Justice  Holmes  in  Cedar  Rapids  Gas 
Company  vs.  Cedar  Rapids,  that  what  the  Court  excluded  was  good 
will  or  advantage  incident  to  the  possession  of  a  monopoly  so  far  as 
might  be  supposed  to  give  the  plaintiff  the  power  to  charge  more  than 
a  reasonable  price.    The  following  may  aid  in  illustration : 

1.  Assume  that  a  certain  farmer  takes  his  wheat  to  Chicago  and 
demands  for  it  $3  per  bushel.  Is  that  an  unreasonable  price  ?  No,  not  if 
he  can  get  it,  for  this  is  a  free,  competitive  market;  if  the  circum- 
stances did  not  justify  the  price,  others  would  fill  the  demand  at  a  lower 
price,  compelling  him  also  to  lower  his  price  or  keep  his  wheat. 

2.  A  certain  community  obtains  its  water  supply  from  a  lake  10 
miles  distant,  hauling  by  wagon  at  a  cost  of  $1  per  1  000  gal.  The 
A.  and  B.  Company  builds  a  pipe  line  and  delivers  water  to  the  town 
at  a  cost,  including  normal  rate  of  profit,  of  10  cents  per  1  000  gal. ; 
it  charges  50  cents,  making  a  very  high  return  on  the  investment.  The 
quantity  of  water  consumed  by  the  town  is  so  small,  however,  that  no 
rival  entering  the  field  and  dividing  the  demand  with  the  present  com- 
pany could,  furnish  water  profitably  for  less  than  55  cents.  Is  the  50- 
cent  rate  unreasonable  ?  No,  because  the  business  is  freely  competitive ; 
as  the  demand  increases,  the  company  will  be  obliged  to  lower  its  rates 
to  prevent  competition.  Meanwhile,  the  company,  by  its  enterprise, 
is  performing  a  public  service  by  saving  to  the  town  50  cents  on  each 
1  000  gal.  consumed  as  compared  with  the  cost  under  the  old  method 
of  haul. 

3.  Suppose  that,  in  the  preceding  case,  the  A.  and  B.  Company  buys 
the  water  supply  and  thus  renders  competition  difficult,  as  the  next 
source  of  supply  is  20  miles  away.    Because  of  the  distance — 20  miles — 
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and  the  small  demand  of  the  town,  it  would  cost  the  X.  Y.  Company 
80  cents  per  1  000  gal.  to  deliver  water  at  a  normal  profit.  Would  it 
be  reasonable  for  the  A.  and  B.  Company  to  charge  75  cents  under 
these  circumstances?  The  charge  would  be  unreasonable  because  it  is 
now  based,  not  on  that  which  would  be  established  if  competition  pre- 
vailed, but,  on  the  contrary,  on  the  holding  of  a  monopoly  of  the  water 
supply  in  the  vicinity. 

4.  A  railroad  was  built  from  the  City  of  A  into  certain  undeveloped 
coalfields  at  B ;  en  route  it  passes  through  a  gorge  which  furnishes  the 
only  low-grade  line  across  the  mountain  between  the  two  points.  As 
it  completely  occupies  the  gorge,  no  other  railroad  can  be  built,  except 
at  a  prohibitive  cost,  over  the  mountains.  A  transportation  charge 
which  would  net  6%  on  the  cost  of  any  line  over  the  mountain  would 
pay  20%  on  the  cost  of  the  gorge  route.  Owing  to  the  absence  of  other 
coalfields  in  the  vicinity,  coal  could  be  moved  at  a  profit  even  at  this 
high  charge.  Would  the  charge  under  these  conditions  be  unfair? 
The  charge  would  be  unfair  because  it  is  based  on  a  monopoly  of  the 
gorge  route,  and  not  on  rates  which  competition  would  establish  in  the 
absence  of  this  physical  barrier. 

The  frequently  recurring  statement  in  the  older  decisions  that 
"a  public  service  company  cannot  lawfully  charge  more  than  the  serv- 
ices are  reasonably  worth  to  the  public  as  individuals"  becomes  an 
absurdity  if  literally  interpreted.  Suppose,  that,  for  example,  the 
market  for  lumber  on  the  A.  and  B.  Railroad  is  at  B  and  is  $10  -per 
1  000  ft. ;  a  farmer  owns  timber  some  miles  from  the  railroad  at  A, 
its  distance  from  the  railroad  being  so  great  that  the  cost  of  cutting 
and  hauling  to  the  railroad  is  $10  per  1  000  ft.,  being  just  equal  to  the 
price  which  he  would  receive  for  the  timber  if  delivered  to  the  market 
at  B.  Inasmuch  as  there  would  be  no  profit  to  him  in  the  transaction, 
the  value  to  him  of  the  service  performed  by  the  railroad  company  in 
hauling  his  timber  from  A  to  B  would  be  nothing ;  consequently,  under 
the  literal  interpretation  of  the  decision,  the  railroad  company  could 
make  no  charge  for  the  service,  because  it  possessed  no  value  to  the 
owner  of  the  shipment. 

In  the  later  decisions  of  the  Courts,  it  has  evidently  been  recognized 
that  rates,  to  be  fair,  must  be  fair  to  both  parties  to  the  transaction, 
and  that  the  statement  as  to  the  value  of  the  service  is  meaningless; 
it  is  consequently  omitted.     Thus,  in  Darnell  vs.  Edwards,  244  TJ.  S. 
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564,  the  Court,  while  pointing  out  that  the  public  should  not  be  com- 
pelled to  pay  rates  based  on  extravagant  expenditures,  states:  "In 
determining  whether  rates  are  confiscatory,  because  not  yielding  a 
proper  return,  the  basis  of  calculation  is  the  fair  value  of  the  property 
used  in  the  service  of  the  public." 

3. — The  Fair  Value  of  a  Property  Subject  to  Rate  Regulation  Is  the 
Same  for  Condemnation  as  for  Rate  Regulation. 

The  well-known  principle  of  law  to  be  observed  in  condemnation 
cases  is  that  the  fair  price  to  be  paid  the  owner  is  that  on  which  a  buyer, 
desiring  but  not  compelled  to  buy,  would  agree  with  a  seller,  desiring 
but  not  compelled  to  sell.  The  basis  of  agreement  between  the  buyer 
and  the  seller,  in  such  cases,  is  a  conscious  or  unconscious  meeting  of 
their  minds  as  to  the  profitableness,  present  and  prospective,  actual 
and  anticipated,  of  the  property  under* discussion  and  a  translation  of 
this  into  terms  of  value. 

Where  the  property  is  subject  to  rate  regulation  and  where,  there- 
fore, the  profitableness  can  be  varied  by  regulating  the  rates,  it  is  evi- 
dent that  this  rule  must  be  modified  so  that  it  calls  for  a  meeting  of 
the  minds  of  the  prospective  buyer  and  the  prospective  seller,  based 
on  their  views  of  profitableness  under  fair  rates. 

In  case  of  rate  regulation,  the  owner  is  entitled  to  such  rates  as 
will  enable  him  to  earn  a  fair  return  on  the  fair  value  of  his  prop- 
erty. The  measure  of  the  fair  value  of  his  property  is  evidently  the 
profitableness  under  fair  rates,  but  this  is  identical  with  the  fair  value 
as  determined  by  the  previously  mentioned  rule  to  be  observed  in  con- 
demnation where  rate  regulation  is  in  effect. 

It  is  assumed,  of  course,  that  the  same  property  is  the  subject  of 
consideration  in  each  case  and  that,  if  only  the  portion  of  the  property 
used  for  carrier  purposes  is  considered  for  rate  regulation,  the  same 
(and  not  also  all  the  non-carrier  property)  will  be  the  subject  of  con- 
sideration for  condemnation. 

4. — The  General  Rate  Level  (and  not  Individual  Rates)  Is  the  Subject 

of  the  Inquiry  in  the  Determination  of  Fair  Value  of  a 

Railway  Property. 

The  movement  of  bituminous  coal  to  the  Lake  ports  furnishes  an 
excellent  illustration  of  the  situation  to  be  dealt  with  in  the  consid- 
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eration  of  individual  rates.  Coals  for  the  Lake  ports  are  obtained  from 
the  coalfields  of  Ohio,  Indiana,  Illinois,  West  Virginia,  and  Kentucky. 
The  length  of  haul  varies  from  a  few  miles  to  several  hundred  miles; 
also,  the  cost  of  transportation  per  ton-mile  varies  because  of  varia- 
tions in  grades,  size  of  engine,  etc.  The  quality  of  the  coal,  and,  con- 
sequently, the  selling  price  at  the  Lake  port,  varies  with  the  different 
fields.  The  cost  of  production  of  the  coal  at  the  mines  varies  because 
of  differences  in  rate  of  pay  of  the  miners,  thickness  of  vein,  relative 
quantity  of  slate,  etc.  A  uniform  rate  per  ton-mile  would  drive  some 
of  the  more  distant  fields  out  of  the  market.  The  situation  resolves 
itself  into  this,  that,  with  a  fixed  coal  selling  price  per  ton  at  the  Lake 
port,  the  profit  on  the  total  operation  involved  is  to  be  divided  between 
the  owner  of  the  coal,  the  coal  miner,  the  coal  operator,  the  transporter, 
and  the  distributor,  on  some  equitable  basis. 

It  is  evident  that  the  position  taken  by  so  many  of  those  engaged 
in  the  regulation  of  rates,  to  the  effect  that  the  fair  value  of  the  prop- 
erty used  is  not  the  principal  factor  and  is  often  not  even  an  impor- 
tant factor  in  the  determination  of  fair  rates,  is  entirely  correct  when 
limited  to  the  consideration  of  individual  rates.  For  the  purpose  of 
obtaining  the  fair  value  of  the  property  used  for  the  public,  fair  profit- 
ableness is  the  only  true  measure  of  such  fair  value.  Fair  profitable- 
ness, however,  in  turn  depends  on,  not  the  fairness  of  the  individual 
rate,  but  the  fairness  of  the  general  rate  level.  In  such  valuation 
work,  it  can  be  assumed  that  all  the  individual  rates  are  equally  fair, 
or  unfair,  to  the  carrier  and  that,  consequently,  the  raising  or  lowering 
of  the  average  rate  level  by  an  uniform  percentage,  is  the  remedy  for 
unfairness,  if  such  exists.  The  fairness,  or  unfairness,  of  the  average 
rate  level  is  determined  by  the  one  consideration  that  it  will,  or  will 
not,  afford  a  fair  return  on  the  fair  value-  of  the  property  used  for  the 
public. 

Fair  value,  therefore,  becomes  an  indispensable  factor  in  the  deter- 
mination of  the  fairness  of  the  general  rate  level. 

5. — The  Relation  of  Risk  to  Rate  of  Return, 

Liquid  capital,  in  its  choice  of  a  field  of  investment,  cannot  be 
coerced;  the  direction  of  its  movement  is  controlled  solely  by  economic 
conditions.  Provided  it  is  merely  a  risk  and  not  the  certainty  of  loss, 
capital  in  seeking  investment  is  not  primarily  concerned  at  the  pres- 
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ence  of  risk,  for  it  is  able  to  protect  itself  by  varying  the  rate  of 
premium  demanded. 

No  man  makes  his  individual  investment  on  any  other  basis  than 
the  hope  that  his  particular  investment  is  to  be  numbered  among  the 
successful  ones.  Many  prove  unsuccessful,  however,  and  these  fail- 
ures, becoming  more  or  less  known,  produce  fear,  great  or  little,  accord- 
ing to  their  ratio  to  the  successes.  This  fear  must  be  overbalanced  by 
the  offer  of  a  premium  over  safe  investment  rate.  This  premium  is 
in  the  form  of  the  known  high  profit  made  by  the  successes.  If  the 
premium  does  not  appear  to  be  high  enough,  the  investor  goes  else- 
where. 

In  order  that  capital  shall  continue  to  enter  a  given  industry,  it  is 
necessary  that  the  return,  risk  considered,  on  capital  invested  in  the 
industry  as  a  whole  must  equal  the  return  from  investment  in  other 
industries.  This  is  a  matter  of  fundamental  economic  law  and  is  not 
permanently  susceptible  of  modification  by  Court  or  Commission. 

Suppose  that,  from  the  beginning,  a  single  capitalist  had  furnished 
all  the  capital  for  each  and  every  individual  enterprise  in  a  given  indus- 
try; one  in  ten  of  his  investments,  measured  by  the  amount  of  capital 
invested,  proved  failures,  and  the  capital  invested  therein  has  been 
destroyed;  the  remainder  are  still  live  enterprises  producing  various 
degrees  of  return  (or  even  loss)  on  the  investment.  In  order  that  the 
capitalist  shall  be  as  well  off  to-day  as  if  he  had  simply  deposited  his 
capital  in  a  savings  bank  at  3%  interest,  he  must  have  received  from 
the  successful  industries  a  return  on  his  total  investment  equal  to  3% 
per  year  plus  the  amount  of  capital  destroyed  to  date.  Stated  differ- 
ently, he  must  have  received  each  year  on  the  total  capital  invested 
in  still  living  enterprises  a  rate  equal  to  the  rate  of  return  on  safe 
investment  plus  the  annual  rate  of  destruction  of  capital  in  the 
industry. 

If  regulation  holds  the  rate  below  this  economic  level,  it  may  be 
possible  for  a  time  to  entice  unwai-y  investors  into  the  industry ;  sooner 
or  later,  however,  its  rate  of  development  will  be  retarded  if  not 
destroyed.  To  hasten  development,  rates  must  be  above  normal.  If  the 
risks  of  the  industry  vary  in  different  sections  of  the  country,  the  rate 
of  return  will  likewise  have  to  vary,  or  those  sections  where  the  risk  is 
greatest  will  suffer.    , 
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6. — How  Can  the  Fair  Rate  of  Return  on  the  Fair  Value 
of  Property  be  Ascertained? 

Most  railroad  property  is  owned  by  corporations  whose  securities 
are  more  or  less  actively  traded  in  on  the  stock  exchanges  of  the  coun- 
try; consequently,  the  current  prices  can  be  ascertained  with  little 
difficulty.  Also,  the  records  of  the  corporation  show  the  amount  of 
such  securities  outstanding  from  time  to  time  in  the  hands  of  the 
public.  The  current  prices  multiplied  by  the  amount  outstanding  give 
the  public's  opinion  from  time  to  time  as  to  the  market  value  of  such 
property.  The  net  earnings  of  the  property  from  time  to  time  are  also 
ascertainable  from  the  records  of  the  corporation.  Both  the  net  earn- 
ings and  the  public's  opinion  as  to  market  value  are  constantly  fluc- 
tuating, but  if  we  take  average  figures  for  each  over  a  considerable 
period  of  time  and  divide  the  average  net  earnings  (profitableness)  by 
the  average  market  value,  the  result  will  closely  approximate  the  rate 
of  return  which,  risk  considered,  the  public  demands  on  railroad 
securities  before  it  will  invest  in  them. 

7. — General  Observations  on  the  Valuation  of  Properties 
Subject  to  Competition. 

The  presence  of  competitors  greatly  complicates  the  problem  of 
valuation,  for  the  reason  that  there  are,  in  such  cases,  many  intangible 
factors  which  affect  profitableness  and  which  cannot  properly  be  over- 
looked. For  example,  suppose  all  the  railroads  in  a  certain  self- 
contained  district  were  owned  and  operated  as  a  single  property.  The 
methods  suggested  for  the  valuation  of  a  monopoly  could  readily  be 
applied.  Suppose,  how'ever,  this  single  railway  system  is  split  up  into 
several  more  or  less  competing  systems  under  different  ownership  and 
operation.  It  still  holds  true  that  profitableness  under  fair  rates  is 
the  measure  of  fair  value  in  each  individual  case;  but  how  shall  we 
compute   this    profitableness  ? 

In  the  case  of  a  railroad  forming  a  part  of  a  group  in  which  the 
lines  are  in  competition,  one  with  the  other,  some  of  the  elements 
which  affect  profitableness  are: 

Affecting  Number  of  Units  of  Output. — 
Length  of  road; 
Density  and  character  of  adjacent  population; 


Papers.]      PROSPECTIVE  COMPETITOR  METHOD  OF  VALUATION  597 

Number  and  character  of  industries  adjacent; 

Traffic  production  or  absorption  capacity  of  connections; 

Traffic  capacity  of  the  railroad — number  of  main  tracks,  character 

and  size  of  terminals,  number,  character,  and  size  of  available 

equipment,   etc. 

Affecting  Unit  Pnce  of  Output. — 

Rate  regulation; 

Length  of  haul; 

Character   of   product   transported; 

Intensity  of  competition; 

Percentage  of  through  rate  secured,  etc. 

Affecting  Unit  Cost  of  Output. — 

Maximum  grades  and  curvature; 

Length  of  haul; 

Character   of  product; 

Character  of  equipment; 

Adequacy  of  facilities; 

Density  of  traffic; 

Character  of  agreement  affecting  interchange  of  traffic,  etc.; 

Regulations  affecting  quality  of  service,  etc. 

Miscellaneous. — It  is  usually  customary  to  enumerate  among  the  things 
which  make  profitableness  possible: 

The  presence  of  the  physical  property ; 

The  possession  of  a  franchise  permitting  of  the  operation  of  such 
property ; 

The  fact  that  the  period  has  already  been  passed  through  during 
which  occurs  the  development  of  business  to  the  point  where 
its  volume  is  sufficient  for  fair  profitableness  (this  is  usually 
called  "going  concern  value") ; 

The  fact  that  the  property  has  been  constructed  so  as  to  permit 
of  unity  of  use  and  connected  operation  instead  of  being  con- 
structed so  that  it  cannot  be  so  used  or  operated; 

The  fact  that  the  management  has  created  friends  who  become 
the  customers  and  thus  the  source  of  revenue  of  the  property. 
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Remembering  that  value  is  measured  by  profitableness,  the  value  to 
an  individual  railroad  of  the  possession  by  such  railroad  of  the  vari- 
ous elements  of  profitableness  (and,  therefore,  of  value)  is  measured, 
in  the  case  of  each  such  element,  by  the  effect  produced  by  the  pres- 
ence of  such  element  on  the  total  profitableness  of  the  railroad.  These 
various  elements  can  affect  the  profitableness  of  the  railroad  as  a  whole 
only  by  increasing  earnings  or  by  reducing  expenses  or  both.  In  order, 
therefore,  to  compute  value  in  this  manner,  it  is  necessary  to  compute 
separately  for  each  element  of  value  of  the  property,  its  effect  on 
earnings  and  expenses   (and,  consequently,  on  profitableness). 

To  attempt  thus  to  compute  value  by  separately  computing  what  part 
of  the  total  value  inheres  in  each  of  the  various  elements  of  value  pre- 
viously enumerated  (and  the  many  others  which  are  suggested  by  sucJ' 
enumeration)  is  evidently  to  become  involved  in  a  hopeless  mass  of 
detail  from  which  useful  results  cannot  emerge.  It  would  be  useless 
to  attempt  to  compute  the  value  of  a  few  of  these  elements  unless  the 
value  of  the  sum  of  the  remainder  is  known. 

The  composite  effect  of  all  of  the  various  elements  of  value  possessed 
by  the  individual  railroad  property  is  accurately  weighed  and  regis- 
tered in  the  profitableness  resulting  from  operation  under  the  exist- 
ing conditions.  This,  however,  merely  gives  market  value  and  not  nec- 
essarily fair  value  (which  would  be  measured  by  profitableness,  present 
and  prospective,  under  fair  commodity  rates).  How  then  shall  we 
proceed  to  estimate  fair  value? 

One  suggestion  advanced  is  that,  in  such  case,  fair  value  equals 
cost  plus  "other  values  and  elements  of  value".  The  only  true  measure 
of  value  is  profitableness.  The  profitableness  of  an  individual  railroad, 
subject  to  competition,  bears  no  necessary  relation,  and  can  be  made 
to  bear  no  fixed  relation,  to  cost.  Therefore,  to  state  that  the  value 
of  such  a  property  is  equal  to  its  "cost"  plus  "other  values  and  elements 
of  value"  does  not  in  any  way  advance  the  process  of  computing  such 
value.  It  is  merely  equivalent  to  stating  that  the  weight  of  a  steer 
equals  500  lb.  plus  certain  other  weights  yet  to  be  ascertained. 

8. — The  Relation  of  Depreciation  and  of  Appreciation  to  Fair  Value. 

Depreciation  is  a  lessening  in  value  as  compared  with  value  under 

the  basic  condition  (called  "new") ;  depreciation  is  brought  about  by 

any  cause  which  reduces  profitableness,  present  or  prospective.    Appre- 
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ciation  is  the  opposite  of  depreciation;  it  may  be  regarded  as  negative 
depreciation. 

Solidification  of  roadbed,  grassing  of  slopes,  etc.,  adjustment  of 
working  parts  of  machinery,  etc.,  reduce  future  maintenance  costs; 
development  of  traffic  increases  net  earnings;  both,  therefore,  add  to 
the  profitableness  and  thus  produce  appreciation  in  value. 

Physical  deterioration,  obsolescence,  and  inadequacy  affect  profit- 
ableness by, .at  some  future  time,  increasing  gross  expenses  as  com- 
pared with  the  gross  expenses  necessary  in  the  absence  of  such  condi- 
tions and  so  produce  depreciation  in  value.  The  usual  remedial  process 
is  the  replacement  of  certain  portions  of  the  original  property  at  the 
cost  of  the  expenditure  involved  in  restoring  original  conditions.  This 
expenditure  is  usually  termed  "maintenance  cost".  Under  certain 
conditions,  this  cost  matures  at  regular  intervals  in  amounts  which  are 
not  embarrassing.  Under  other  conditions,  the  increased  cost  accrues 
over  long  periods  of  time  until,  at  maturity,  it  assumes  proportions 
which  may  produce  disastrous  results  in  three  ways,  namely: 

The  treasury  of  the  enterprise  may  suddenly  be  called  on  for  large 
sums  which  it  may  not  be  in  a  position  readily  to  supply  and  which, 
therefore,  might  involve  the  enterprise  in  financial  difficulties. 

This  gradual  accrual  may  not  become  apparent  in  the  ordinary 
annual  reports  of  the  corporation  to  its  stockholders.  These  stock- 
holders, as  well  as  intending  stockholders,  basing  their  estimates  of 
value  of  the  property  on  the  reported  past  net  earnings,  form  an 
entirely  erroneous  conclusion,  because  they  do  not  realize  that  the 
future  earning  power  will  be  much  diminished  when  it  becomes  neces- 
sary to  make  the  renewals  required  on  account  of  the  heavy  accruals 
of  deterioration. 

If  the  commodity  rates  are  under  regulation  and  subject  to  fre- 
quent adjustment,  the  fluctuations  of  earning  power  brought  about  by 
gradual  accrual  and  sudden  maturity  of  deterioration,  cause  an  unequal 
distribution  of  the  production  cost  among  early  and  late  purchasers 
of  the  product. 

For  these  reasons  it  has  become  customary,  from  time  to  time,  to 
include  in  operating  expenses  an  amount  for  "depreciation",  more  or 
less  approximating  the  annual  accrual.  These  amounts  of  "deprecia- 
tion" are  included  in  current  operating  expenses  and  a  book  credit  is 
set  up,  against  which  credit  the  actual  expenditures  to  remove  matured 
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deterioration  are  charged  as  they  occur.  Sometimes,  in  addition  to  the 
mere  bookkeeping,  an  actual  fund  is  created,  segregating  the  amount 
charged  to  "depreciation"  from  the  other  gross  earnings  of  the  cor- 
porations, thus  establishing  a  more  complete  protection. 

Various  methods  have  been  proposed  for  estimating  the  amount  of 
accrual  of  deterioration,  which  approximate  more  or  less  closely  to  the 
actual  accrual.  The  object  in  each  case  is  the  same,  namely,  to  dis- 
tribute maintenance  cost  more  uniformly  than  if  only  expenditures  for 
replacement  of  matured  deterioration  were  charged  thereto. 

It  is  evident  that  the  item  which  is  a  final  charge  to  maintenance 
expense  is  the  cost  of  removal  of  deterioration  (or  "depreciation") 
and  not  the  deterioration  itself,  which  latter  is  a  condition  and  not 
an    expense. 

In  the  absence  of  removal,  the  present  worth  of  the  future  cost  of 
such  removal  is  evidently  the  measure  of  the  depreciation  in  value  as 
compared  with  the  value  if  the  removal  had  already  been  completed, 
all  other  conditions  remaining  unaltered.  It  is  to  be  observed  that,  in 
properties  made  up  of  great  numbers  of  articles,  as  the  ties  in  a  rail- 
road track,  there  is  a  constant  tendency  of  the  amount  of  deterioration 
— of  the  loss  of  useful  life — to  reach  50%  and  to  remain  constant  at 
that  level.  Such  deterioration  in  the  property  as  a  whole  never  is 
removed — the  property  is  designed  so  as  to  be  really  in  normal  use- 
condition  only  when  this  status  is  reached — and  there  is,  consequently, 
no  future  cost  of  removal  to  consider  and  of  which  to  compute  the 
present  worth. 

In  the  case  of  appreciation,  removal  thereof  is  neither  necessary  nor 
desirable;  nevertheless,  the  production  of  the  appreciation,  whether 
voluntarily  »or  involuntarily,  has  usually  been  accompanied,  in  some 
form,  by  cost;  this  cost  is  either  chargeable  to  maintenance  or  oper- 
ating expenses,  or  it  must  be  regarded  as  a  capital  expense  incurred 
in  the  building  up  of  the  property  to  its  present  condition.  As  a  mat- 
ter of  fact,  the  cost  of  that  appreciation  which  takes  the  form  of 
solidification  of  roadbed  and  ballast,  grassing  of  right  of  way,  adjust- 
ment of  working  parts  of  machinery,  etc.,  ordinarily  enters  into  oper- 
ating expenses  in  railroad  accounting  and  can  be  segregated  only  with 
difficulty,  if  at  all,  from  the  other  items  of  operating  expense,  making 
it  difficult  to  treat  as  a  capital  expense  item. 
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Under  the  ^'competitor"  method  suggested  for  finding  the  value  of 
a  property,  the  first  step  is  to  estimate  that  fair  rate  level  which,  within 
that  reasonable  time  which  capital  would  be  willing  to  wait,  will  pro- 
duce net  earnings  for  the  competitor  equal  to  a  fair  return  on  the 
competitor's  cost  to  date.  In  order  to  estimate  this  rate  level,  it  is 
necessary  to  estimate,  over  a  period  of  years,  the  gross  and  net  earnings 
of  the  competitor.  Whatever  method  of  computing  "depreciation" 
is  in  use  on  the  property  under  valuation,  should  be  applied  to  the 
estimating  of  the  maintenance  cost  of  the  competitor  during  the  period 
of  years  used  for  the  determination  of  the  fair  rate  level.  Having  in 
this  manner  determined  the  fair  rate  level,  the  next  step  is  to  estimate 
the  profitableness,  present  and  prospective,  under  the  application  of 
such  rate  level,  of  the  property  under  valuation;  this  involves  the  esti- 
mating of  the  gross  and  net  earnings,  '\nder  such  rate  level,  of  the 
property  under  valuation.  Here,  again,  the  same  rules  with  regard 
to  the  computation  of  "depreciation"  should  be  applied  to  the  estimation 
of  operating  expenses  during  such  period,  bearing  in  mind,  also,  the 
physical  condition  of  the  property  and  the  probable  desirability  of 
increasing  or  decreasing  the  normal  "depreciation"  rate  on  account  of 
such   physical   condition. 

Attention  is  called  to  the  fact  that  it  is  not  directly  the  physical 
condition  of  the  property  which  affects  its  value  but,  on  the  contrary, 
it  is  the  effect  of  such  physical  condition  on  present  and  future  oper- 
ating expenses  which  influences  value.  It  is  probable  that,  under  the 
valuation  method  proposed,  it  does  not  seriously  modify  the  result  which- 
ever of  the  various  "depreciation"  rules  is  adopted  in  the  computation, 
provided  the  rule  is  sufiiciently  accurate  to  produce,  in  the  long  run, 
a  close  approximation  to  actual  maintenance  expenditures  and  not, 
on  the  contrary,  gradually  pile  up  a  considerable  surplus  or  deficit. 

9. — The  Kelation  of  Abandoned  Property  to  Fair  Value. 

As  it  is  the  value  of  the  property  at  present  used  for  corporate  pur- 
poses which  is  to  be  obtained,  and  as  the  value  of  such  property  is 
entirely  independent  of  the  amount  of  the  property  abandoned,  it  is 
evident  that  such  abandoned  property  is  to  be  ignored  in  arriving  at 
fair  value. 

However,  if  the  abandonment  resulted  from  unavoidable  causes, 
such  as  normal  obsolescence,  etc.,  the  relation  between  the  cost  of  the 
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property  abandoned  and  the  cost  of  the  remaining  property  still  in  use 
is  of  interest,  because  of  the  light  it  throws  on  what  is  a  fair  rate  of 
return  in  the  industry  in  question.  Fair  rate  of  return  is  made  up  of 
two  factors,  rate  of  return  in  the  absence  of  risk,  and  insurance  premium 
to  cover  risk.  The  relation  between  abandoned  property  and  the  total 
property  furnishes  an  indication  of  the  degree  of  risk.  Also,  the  sub- 
ject is  of  considerable  interest  in  connection  with  the  establishment 
of  rules  governing  the  application  of  depreciation. 

It  may  be  well  here  to  remark  that  it  is  only  the  value  of  the  remain- 
ing useful  life  which  is  abandoned  and  that,  in  practice,  this  is  gen- 
erally reduced  to  a  minimum  by  neglecting  repairs  for  some  time 
previous  to  abandonment  and  while  still  keeping  the  property  in  service. 

10. — The  Relation  of  Aids,  Gifts,  Grants,  and  Donations  to  Fair  Value. 

In  practically  all  cases,  the  object  of  gifts,  grants,  etc.,  in  whatever 
form  these  have  been  made,  has  been  to  induce  capital  to  undertake  an 
adventure  in  which  the  risk  was  otherwise  prohibitively  high.  This 
additional  inducement  was  really  in  the  nature  of  a  capitalized  pay- 
ment of  an  extraordinary  insurance  premium. 

If,  in  valuation  for  the  purpose  of  determining  fair  return,  the  value 
of  the  gifts  should  be  excluded,  then  the  eilect  of  the  gift  is  merely  to 
put  the  giver  in  the  position  of  being  a  silent  partner  in  the  business 
without  in  any  way  reducing  the  risk  of  the  other  partners;  yet  this 
reduction  of  risk  was  the  primary  object  of  the  gift. 

For  example :  The  estimated  cost  of  a  project  is  $10  000  000  and  it  is 
further  estimated  that,  under  the  commodity  rates  which  must  be  used, 
the  profitableness  of  the  enterprise  will  not  be  more  than  $400  000,  and 
may  be  less.  As  it  is  impossible  to  interest  capital  in  an  uncertainty 
with  a  maximum  return  of  only  4%,  certain  outside  parties,  expecting 
great  indirect  benefit  from  the  development  of  the  industry,  donate 
$5  000  000  to  the  corporation  formed  therefor.  This  means  that  the 
stockholders  will  be  obliged  to  contribute  only  $5  000  000  instead  of 
$10  000  000,  while  the  plant  which  they  will  own  will  have  cost 
$10  000  000  to  produce.  On  the  assiimption  that  they  will  be  per- 
mitted to  have  the  entire  return  from  the  $10  000  000  investment,  the 
probable  return  on  the  stockholders'  investment  of  $5  000  000,  there- 
fore, becomes  8  per  cent.  If,  on  the  contrary,  the  industry  is  to  be 
subject  to  regulation  and,  because  of  the  $5  000  000  donation,  the  rates 
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are  to  be  cut  to  the  point  where  only  $200  000  is  allowed  to  be  earned, 
it  is  evident  that  the  stockholders  have  not  been  benefited  in  any 
way  by  the  donation,  for  their  risk  has  not  been  reduced  in  intensity 
and  they  are  still  limited  to  a  prospective  maximum  of  4%  on  their 
investment. 

Under  the  method  of  valuation  suggested,  it  is  evidently  of  no  con- 
cern to  the  prospective  competitor  whether  the  existing  enterprise 
bought,  begged,  or  stole  its  now  owned  property.  It  is  the  cost  of  devel- 
oping and  operating  the  competitor's  plant  which  must  determine  the 
rate  necessary  to  enable  it  to  compete.  Fair  value  of  the  property 
under  valuation  will  be  determined  by  its  profitableness  at  this  rate. 

11. — The  Relation  of  Property   Owned  but  not  Used  by  the  Owner 
in  the  Public  Service,  to  Fair  Value. 

It  is  self-evident  that  such  property  should  not  be  included  in  the 
value  on  which  fair  return  is  to  be  allowed.  It  is  to  be  regarded  merely 
as  an  investment  in  which  the  public  has  no  interest,  and  any  returns 
from  which  should  be  excluded  from  operating  revenue. 

It  is  frequently  necessary,  however,  especially  in  rapidly  growing 
communities,  to  look  well  ahead  of  the  present  needs.  This  sometimes 
raises  the  question  whether  the  property  is  or  is  not  properly  to  be 
included  in  the  valuation. 

12. — The  Relation  of  Property  Used  but  not   Owned  to  Fair  Value. 

The  value  of  such  property  to  the  user  is  reflected  in  the  net  earn- 
ings directly  and  indirectly  accruing  from  such  use.  Ordinarily,  the 
gross  earnings  from  such  a  property  are  included  with  the  gross  earn- 
ings from  other  properties  in  such  manner  as  to  make  segregation  prac- 
tically impossible.  Under  such  circumstances,  the  simplest  method  of 
handling  for  valuation  purposes  is  to  include  in  operating  expenses 
the  rental  of  such  property,  excluding  the  item  entirely  from  the  repro- 
.  duction  inventory ;  in  some  special  cases  it  may  be  necessary  to  consider 
whether  or  not  the  terms  of  the  rental  are  fair,  or  whether  they  repre- 
sent unwise  and  improvident  management,  the  results  from  which 
the  public  does  not  subscribe  to. 

Where  it  is  possible  to  segregate  from  other  sources  of  revenue  the 
earnings  accruing  from  the  rental  of  a  property  not  owned  but  used 
in  the  public  service,  and  where  the  property  bears  a  sufficiently  impor- 
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tant  relation  to  the  remainder  of  the  property  under  valuation,  then  it 
can  be  valued  in  the  same  manner  as  if  owned  and  used.  In  this  case, 
however,  the  rental  must  be  excluded  from  consideration  as  earnings. 

13. — The  Eelation  of  Property  Owned  and  Used  Jointly  to  Fair  Value. 

Recalling  that  the  only  true  measure  of  value  is  profitableness, 
it  is  evident  that  the  value  to  each  of  the  users  of  a  property  utilized 
jointly  is  measured  by  the  profitableness  (gross  earnings  less  gross 
expenses)  accruing  to  the  user  from  such  property,  regardless  of  the 
terms  of  ownership.  Ordinarily,  as  the  gross  earnings  accruing  directly 
and  indirectly  from  the  use  of  such  a  property  cannot  be  segregated  from 
those  accruing  from  other  sources,  the  simplest  method  of  valuation  is 
to  include  in  the  gross  expenses  of  each  owner  its  proportion  of  the 
expenditures  incurred  on  account  of  such  use.  The  reproduction  cost 
of  the  property  is  pro-rated  to  the  different  owners  on  this  or  other 
equitable  percentage  basis.  Where  the  jointly  used  property  is  sep- 
arately operated  and  the  terms  of  ownership  include  the  basis  of  dis- 
tribution of  profit  or  loss  from  such  operation,  the  valuation  of  the 
jointly  used  property  can  be  independently  made  and  pro-rated  to  the 
users  on  the  basis  of  the  contract  basis  of  distribution  of  profitableness 

14. — When  Does  "Construction"  End  and  "Operation"  Begin? 

In  the  determination  of  the  competitor's  investment  to  date  and  the 
commodity  price  necessary  to  the  securing  of  a  fair  return  thereon,  a 
clear  understanding  of  the  physical  and  accounting  procedures  involved, 
is  necessary. 

The  construction  and  development  of  a  railroad  property  to  the 
point  where  it  is  a  paying  going  concern  involves  the  following  steps: 
First,  the  inception  of  the  project  and  such  preliminary  promotion  and 
financing  as  will  permit  of  general  investigation  and  incorporation  of 
the  project;  second,  the  securing  of  sufficient  capital  to  enable  the  pre- 
liminary and  location  surveys  to  be  made  and  construction  to  be  com-  • 
menced.  In  most  cases  the  purchase  of  right  of  way  must  slightly  pre- 
cede, locally,  the  commencement  of  construction.  With  the  continu- 
ance of  construction,  additional  capital  must  be  secured.  Finally,  the 
point  is  reached  where  trains  hauling  passengers  and  freight  are  run, 
thus  enabling  capital  to  be  secured  from  the  sale  of  transportation  as 
well  as  from  the  issuance  of  stocks  and  bonds. 
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With  the  beginning  of  construction,  the  processes  of  solidifica- 
tion, seasoning,  and  deterioration  commence,  and  these  processes 
increase  in  rapidity  of  action  with  the  commencement  of  train  service, 
thus  necessitating  expenditures  for  maintenance  of  the  property  already 
created;  embankments  settle  and  are  partly  destroyed  through  the 
action  of  the  elements;  grasses,  etc.,  begin  to  cover  the  exposed  sur- 
faces; decay  and  wear  begin  to  produce  the  necessity  for  later  replace- 
ment. Meanwhile,  construction  continues;  expenditures  for  operation 
and  maintenance  increase,  and  the  density  of  train  service  and  of  traffic 
increases. 

A  time  finally  comes  when  it  is  arbitrarily  stated  that  construction 
has  been  completed  and  that  operation  of  the  property  has  commenced. 
The  failure  to  recognize  that  this  dividing  line  is  an  absolutely  arbi- 
trary one,  adopted  merely  for  the  purpose  of  facilitating  organization 
matters,  including  the  application  of  certain  accounting  rules,  and 
having  no  relation  whatever  either  to  the  cost  or  to  the  value  of  the 
property,  leads  to  confusion  in  connection  with  valuation.  The  contin- 
uance of  construction  which,  on  ordinary  railroads,  never  actually  comes 
to  a  state  of  completion,  is  now  called  "additions  and  betterments" ;  in 
some  cases  it  is  called  "maintenance".  In  ordinary  accounting  rules, 
there  is  considered  to  be  a  great  distinction  between  construction,  addi- 
tions and  betterments,  operation  and  maintenance,  and  "depreciation". 
For  valuation  purposes  much  confusion  is  avoided  if  all  these  terms  are 
entirely  disregarded  and  if,  in  their  stead,  the  receipts  and  expenditures 
necessary  to  the  full  development  of  the  property  are  directly  consid- 
ered without  first  subjecting  them  to  such  misleading  classification.  In 
this  way  the  arbitrarily  established  dividing  line  between  receipts, 
depending  on  their  sources,  and  between  costs,  depending  on  the  instru- 
ments used  in  producing  the  same,  is  made  unnecessary. 

15.— As  of  What  Date  Should  the  Valuation  be  Made,  and  What  are 
"Normal  Prices"  as  of  the  Date  of  Valuation  ? 

For  practical  use,  the  fair  value  of  a  property  which  must  be  used  is 
that  as  of  the  date  or  period  of  use.  Thus,  for  use  in  condemnation,  it 
must  be  the  fair  value  of  the  property  as  of  the  date  of  condemnation. 

For  use  in  the  regulation  of  rates,  it  is  necessary  to  bear  in  mind 
that  it  is  undesirable  to  make  frequent  modification  of  rates,  but  that, 
on  the  contrary,  they  should  be  determined  so  as  to  be  fair,  on  the 
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average,  over  a  considerable  period  of  time.  This  necessitates  the 
drawing  of  conclusions  as  to  the  probable  average  conditions  as  to 
prices,  etc.,  which  will  exist  during  such  future  period.  The  unit  prices 
most  satisfactory  to  be  used  for  valuation  for  such  purpose  are  those 
which,  it  is  considered,  will  probably  be  a  fair  average  of  the 
prices  over  such  future  period.  The  only  method  of  estimating  prob- 
able future  conditions  is  through  the  study  of  the  past  conditions; 
therefore,  the  ascertainment  of  average  unit  prices  year  by  year  over  a 
considerable  period  of  the  past  is  necessary.  In  determining  the  aver- 
age unit  price  for  a  given  period  of  the  past,  actual  sales  furnish  the 
basis.  Inasmuch  as  these  sales  vary  greatly  in  quantity,  it  is  necessary 
that  the  average  used  be  a  weighted  average  and  not  merely  an  arith- 
metical  average. 

Normal  price  as  of  a  given  date  may  be  defined  as  being  the  market 
price  as  of  that  date,  assuming  business  conditions  to  be  normal  and 
not  under  the  influence  of  undue  optimism  or  pessimism  as  to  the 
future. 

16. — How  can  Valuation  be  Kept  up  to  Date  for 
Rate  Regulation  Purposes? 

It  must  be  borne  in  mind  that  valuation  is  not  and  cannot  be  made 
an  exact  science;  neither  is  there  any  practical  necessity  that  it  should 
be  so.  The  true  measure  of  the  value  of  a  property,  as  has  already  been 
stated  several  times,  is  its  profitableness,  present  and  prospective,  actual 
and  anticipated.  Evidently,  prospective  and  anticipated  profitableness 
in  themselves  can  be  estimated  only  approximately,  and  yet,  in  nearly 
all  commercial  transactions,  it  is  the  future  prospect  rather  than  the 
present  fact  which  determines  the  investor's  conclusions  as  to  present 
value. 

Having  determined,  with  such  reasonable  accuracy  as  may  be,  the 
present  value  of  a  piece  of  property  (futvire  prospects  being  one  of  the 
vital  considerations),  the  most  important  factors  which,  in  the  future, 
will  bring  about  a  modification  of  such  estimated  value  are  the  appre- 
ciation and  depreciation  in  the  value  of  land  owned  or  used,  like  fluctua- 
tion in  the  prices  of  labor  and  material  such  as  have  already  entered 
in  the  construction  of  the  property,  the  invention  of  improved  methods 
of  construction;  additions  and  betterments  necessary  to  the  growth  of 
the  business  will  add  quantities  to  those  existing  as  of  the  date  of  valua- 
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tion;  and  property  abandoned  on  account  of  obsolescence,  etc.,  will 
reduce  the  valuation  quantities.  All  these  changes  over  a  reasonable 
period  of  years,  together  with  their  effect  on  the  future  profitableness 
of  the  property,  are  considered  in  arriving  at  the  original  valuation; 
further,  it  is  greatly  to  the  interest  of  the  public  to  avoid  frequent 
fluctuations  in  commodity  prices  (freight  and  passenger  rates,  etc.). 
Presumably,  therefore,  the  fair  rates  established  at  the  time  of  the  val- 
uation (which  rates  are  based,  not  on  the  conditions  as  of  the  instant 
of  valuation  only,  but  on  prospective  conditions  as  well)  will  be  fair 
for  a  considerable  period  of  time  thereafter.  Fluctuations  due  to  addi- 
tions and  betterments  and  to  abandoned  property  can  be  taken  care 
of  with  considerable  accuracy  by  the  application  of  ordinary  accounting 
methods.  Variation  in  the  fair  value  due  to  fluctuation  in  unit 
prices  of  labor  and  material  can  probably  only  be  dealt  with  either  by 
a  new  valuation  from  time  to  time,  or  by  the  keeping  of  a  suitable 
index  number  such  as  that  maintained  by  Bradstreet's,  the  London 
Economist,  and  others,  but  adopting  a  base  arranged  to  represent  the 
more  important  kinds  of  labor  and  material  used  in  railway  construc- 
tion in  their  proper  proportions,  and  using  the  fluctuations  of  this 
index  for  the  purpose,  from  time  to  time,  of  applying  percentage  cor- 
rections to  the  original  fair  value.  Fluctuations  in  land  value  could 
probably  only  be  allowed  for  through  the  occasional  making  of  re-ap- 
praisals of  selected  properties  and  through  the  application  of  a  per- 
centage correction  to  all  the  land  values. 

A  percentage  correction  applied  in  such  manner  to  the  original  val- 
uation, although  crude,  would  still  probably  greatly  extend  the  period 
of  serviceability  of  the  original  valuation. 

17. — Comparison  of  the  Cost-of- Reproduction  Method  with  the 
Prospective  Competitor  Method  of  Valuation. 

l.—Land  Values. — The  competitor  method  assumes  that,  in  the  con- 
struction of  its  property,  the  competitor  will  be  obliged  to  purchase 
land  having  the  same  present  ordinary  values  and  being  subdivided 
in  the  same  manner  as  similar  lands  adjoining  the  property  under  val- 
uation as  of  the  date  of  valuation.  This  avoids  the  absurdity,  pointed 
out  by  Justice  Hughes  in  the  Minnesota  Rate  Case,  of  assuming  that 
the  railroad  producing  much  of  the  value  of  the  land  is  non-existent, 
but  that  the  land  retains   its  full  value.     Presumably,  it  might  be 
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claimed  that  the  competitor,,  in  entering  a  town,  would  select  a  loca- 
tion for  its  line  and  for  its  terminals  which  would  cost  less  per  acre  than 
the  lands  adjoining  the  property  under  valuation.  The  answer  is  that 
it  is  fair  to  presume  that  the  original  railroad  located  its  line  in  such 
manner  as  to  make  the  cost  of  land  plus  the  cost  of  grading  and  other 
improvements  a  minimum,  considering  the  value  of  the  location  with 
reference  to  convenience  of  access  for  traffic.  The  adoption  of  a 
different  location  would  mean  different  grading  quantities  and  also 
the  estimating  in  terms  of  earning  power  of  the  difference  of  attrac- 
tiveness of  the  two  locations.  This  would  involve  such  excessive  com- 
plications as  to  make  the  problem  practically  unsolvable.  The  fair 
presumption  is  that  the  original  line  secured  the  best  available  loca- 
tion, cost  considered,  and  that  any  other  location  would  cost  more  or 
would  be  worth  at  least  proportionally  less.  In  practical  operation  and 
in  results  obtained,  the  two  methods  are  identical,  as  to  land.  The 
competitor  method  is  logical  whereas  the  other  is  not. 

2. — Present  or  Past  Conditions. — By  the  competitor  method,  all 
questions  as  to  whether  present  or  past  conditions  apply  in  making  the 
estimate  are  solved  without  difficulty.  The  reproduction  theory  affords 
no  positive  clue  as  to  whether  present  or  past  conditions  should  be 
considered  in  individual  cases,  and  there  is  much  present  controversy 
over  this  point. 

3. — -Construction  Period. — The  reproduction  theory  involves  the 
reproduction  of  the  property,  as  it  is  to-day,  in  one  operation;  thus, 
a  four-track  railroad  would  be  reproduced  as  such  absolutely  regard- 
less of  the  fact  that  no  railroad,  either  the  original  occupant  of  the 
territory  or  a  later  competitor,  ever  is  built  in  such  a  manner.  The 
competitor  theory  calls  for  a  gradual  construction  and  development  of 
the  competitor  at  a  rate  dependent  on  rate  of  growth  of  traffic  in  the 
community  and  is,  therefore,  consistent  with  the  invariable  facts  of 
such  industrial  development. 

Ji. — Going  Concern  Value,  and  Cost  of  Development  of  Earning 
Power. — The  reproduction  theory  admittedly  carries  the  process  of  esti- 
mating value  only  to  the  point  where  the  property  has  prepared  to 
become  a  going  concern  but  has  not  taken  that  step.  This  leaves  an 
element  of  value  called  by  the  Courts  "going  concern  value"  to  be 
ascertained  by  some  succeeding  process.  No  process  departing  greatly 
from  clairvoyance  has  yet  been  devised.     The  competitor  theory  pro- 


Papers.]      PROSPECTIVE  COMPETITOR  METHOD  OF  VALUATION  609 

vides  for  the  estimating  of  the  cost  of  the  development  of  the  traffic 
on  a  basis  readily  applied  in  practice  and  governed  by  the  application 
of  simple  principles  to  easily  ascertainable  facts. 

III.  A  Study  of  the  Virginian  Railway. 

In  1902,  the  construction  of  what  is  now  the  Virginian  Railway 
was  actively  commenced  by  the  late  Mr.  H.  H.  Rogers,  the  primary 
purpose  being  the  economical  transport  of  bituminous  coal  in  great 
volume  to  the  seaboard.  The  work  was  pushed  as  rapidly  as  financial 
conditions  would  permit.  Covering  the  number  of  years  that  it  did, 
the  rapid  completion  of  course  was  interfered  with  by  various  periods 
of  business  depression.  The  property  is  one  of  the  few  railroads  in  the 
United  States  which  has  been  conceived  and  developed  as  an  inde- 
pendent enterprise,  most  of  the  present  railroad  systems  having  been 
developed  as  separate  entities  and  gradually  combined.  The  statistics 
of  this  railroad,  consequently,  are  of  unusual  interest  for  the  purpose  of 
illuminating  the  various  problems  connected  with  the  a«certaining  of 
the  value  of  railroad  properties. 

Operation  was  commenced  on  the  Virginian  Railway  in  1910,  eight 
years  after  the  commencement  of  construction.  Thereafter,  expendi- 
tures for  construction  (usually  termed  additions  and  betterments)  were, 
in  the  main,  for  providing  the  additional  facilities  required  to  handle 
the  rapidly  developing  business.  The  records  of  the  company,  partly 
owing  to  the  fact  that  practically  all  the  financing  was  done  by  Mr. 
Rogers  himself,  do  not  disclose  the  amount  of  capital  invested  in  the 
enterprise  as  interest.  It  will  be  assumed,  therefore,  that  sufficient 
capital  for  the  ensuing  12  months  was  secured  at  the  beginning  of 
each  such  period  and  that  6%  compounded  annually  had  to  be  paid 
thereon.  With  this  assumption,  Table  2  gives  the  essential  financial 
history  of  the  Virginian  Railway  from  its  inception  in  1902  to  June 
30th,  1916,  and  also  shows  what  this  history  would  have  been  had  the 
rate  level  been  8%  higher  than  it  actually  was. 

For  purpose  of  illustration,  assume  that  to-day  as  compared  with  the 
period  1902-16 : 

(1). — There  has  been  no  change  in  construction  methods  or  in  unit 
prices  of  labor  and  material  or  in  land  values.  Assume, 
further, 
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(2). — That  the  history  of  the  Virginian  Railway  has  been  unaffected 

by  the  presence  of  competitors. 
(3).^That  the  construction  of  the  Virginian  Railway  and  its  traffic 

development  proceeded  at  a  normal  pace. 
(4). — That  its  physical  condition  was  normal,  that  is,  there  was  no 

matured  deterioration,  throughout  its  history. 
(5). — That  the  rate  level  throughout  the  history  of  the  property  was 

fair. 

Under  such  assumptions  there  would  probably  be  few  who  would 
question  that,  as  of  the  date  of  valuation,  the  fair  value  of  such  a  prop- 
erty is  measured  by  its  cost  to  date — in  this  case,  $69  522  883 — as  of 
June  30th,  1916. 

Taking  up  the  various  assumptions  and  assuming  that  6%  is  the  fair 
rate  of  return  on  the  fair  value  of  such  a  property,  the  following  con 
siderations  suggest  themselves: 

1.— Six  p«r  cent,  on  $69  522  883  is  $4  171  373,  whereas  the  net  earn- 
ings for  1916  are  $3  331  957.  Evidently,  on  that  date,  the  property  was 
not  earning  a  fair  return  on  its  cost.  If  the  rate  level  throughout  th'e 
history  of  the  property  had  been  8%  higher  than  it  actually  was,  then 
the  cost  to  date  would  have  been  $65  996  540;  6%  on  this  amount  is 
$3  959  792  and  the  net  earnings  for  1916  would  have  been  $3  923  187, 
indicating  that,  based  on  these  considerations  alone,  the  rate  level  was 
about  8%  too  low  throughout  the  history  of  the  property  and  that,  for 
this  reason,  the  property  to  the  end  of  1916  has  cost  $3  526  343  more  than 
it  would  have  cost  if  the  higher  rate  level  had  been  in  effect.  Had  the 
higher  rates  been  in  effect,  the  public,  during  the  period,  would  have 
paid  $2  877  237  more  for  transportation  than  they  did. 

Question  A. — Should  this  increased  cost  equitably  fall  on  the  owners 
of  the  railroad  through  the  assumption  of  the  lower  figure  or  should  it 
fall  on  the  public  through  the  assumption  of  the  higher  figure  as  being 
the  fair  value  of  the  property  as  of  June  30th,  1916,  tuidcr  the  above 
assumptions  ? 

2. — Assume  that  the  earning  power  of  the  property  had  developed 
more  rapidly,  so  that,  in  1914,  the  net  earnings  had  been  equal  to  the 
actual  net  earnings  of  1916.  This  would  have  required  a  corresponding 
acceleration  in  the  additions  and  betterments,  and  the  cost  to  date  as  of 
June  30th,  1914,  would  have  been  $63  632  623  for  a  property  identical  in 
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every  way  with  the  actual  property  as  of  June  30th,  1916,  which  actual 
property  cost  $69  522  883  a  difference  of  $5  890  260.  On  this  new  basis 
of  development  of  earning  power,  the  rates  were  about  5%  too  low  to 
give  a  6%  return  on.  the  cost  to  date  of  the  property  as  of  June  30th, 
1914,  whereas  they  were  8%  too  low  to  give  a  6%  return  on  the  identical 
property  with  the  development  period  two  years  longer. 

Question  B. — Should  this  excess  cost  be  borne  by  the  public  through 
its  inclusion  in  fair  value  as  of  a  given  date,  or  should  it  be  borne  by  the 
owners  of  the  property  through  its  exclusion  ? 

Question  C. — If  the  owners  of  the  property  should  be  penalized  for 
their  bad  judgment  in  commencing  the  enterprise  in  advance  of  the 
normal  public  need,  thereby  adding  to  its  cost,  should  they  also  be 
rewarded  if  they  delay  the  carrying  out  of  the  project  until  the  public 
need  becomes  abnormally  acute,  thus  reducing  the  cost  of  the  project? 
If  bad  judgment  is  penalized  and  good  judgment  not  rewarded,  what 
will  become  of  the  industry — collapse,  or  Government  ownership  ? 

Question  D. — How  shall  it  be  determined  whether  or  not  the  incep- 
tion of  the  enterprise  was  in  advance  of  the  normal  public  need? 

3. — Going  back  to  the  first  case — that  of  the  actual  history  of  the 
Virginian  Railway — suppose  the  date  of  valuation  had  been  taken  as  of 
June  30th,  1914,  instead  of  June  30th,  1916.  In  that  case  the  cost  to 
date  of  the  property  would  have  been  $63  149  009;  6%  on  this  amount  is 
$3  788  940,  whereas  the  actual  net  earnings  for  that  year  were  only 
$2  641 048. 

If  the  rate  level  had  been  9%  higher  than  it  was,  the  cost  to  date 
would  have  been  $62  884  206;  6%  on  this  amount  is  $3  773  052  as  against 
net  earnings  at  the  new  rate  level  of  $3  718  861  indicating  that,  under 
such  conditions,  and  not  considering  the  future,  the  rate  level  was 
slightly  more  than  9%  too  low  as  against  an  8%  deficit  if  the  year  1916 
had  been  adopted  as  the  basis  of  calculation. 

Question  E. — In  1910  (the  year  in  which  the  Virginian  Railway  was 
ox>ened  for  operation),  in  determining  the  rate  level  to  be  used  in  the 
future  on  this  property  (on  the  assumption  that  it  was  not  subject  to 
competition)  should  this  rate  level  have  been  based  on  the  estimate  that 
in  1914  it  would  give  a  fair  return  on  the  cost  to  date,  or  should  it  have 
been  based  on  the  fair  return  being  reached  in  1916,  or  in  some  other 
year?    What  considerations  should  determine  the  year  to  be  selected? 


612  PROSPECTIVE  COMPETITOR  METHOD  OF  VALUATION      [Papers. 

Question  F. — The  coal  traffic  of  the  Virginian  Railway  is  in  competi- 
tion to  tide-water  with  the  coal  traffic  of  the  Chesapeake  and  Ohio  and 
of  the  Norfolk  and  Western  Railways.  If  it  is  assumed  that  the  actual 
rate  level  (which  was  8%  too  low  to  give  a  6%  return  on  the  cost  to  date 
of  the  Virginian  Railway,  as  of  June  30th,  1916)  was  just  sufficient  to 
give  a  6%  return  on  the  cost  to  date  of  the  Chesapeake  and  Ohio  and  of 
the  Norfolk  and  Western  Railways,  would  this  fact  have  any  bearing  on 
the  fair  value  of  the  Virginian  Railway  ? 

Question  G. — Since  the  inception  of  the  Virginian  Railway,  there 
has  been  an  increase  in  unit  prices  of  labor  and  material  used  in  con- 
struction and  operation  and  in  the  price  of  land  along  the  railroad  right 
of  way.  Do  these  facts  have  any  bearing  on  the  fair  value  of  the 
Virginian  Railway? 

Question  H.—li  it  is  assumed  that,  for  several  years  just  prior  to  the 
date  of  valuation,  the  Virginian  Railway  had  either  been  parsimonious 
or  excessively  liberal  in  the  renewal  of  its  rail,  ties,  and  other  materials, 
would  this  fact  (which  certainly  would  affect  the  operating  expenses  of 
the  immediately  succeeding  years)  have  any  bearing  on  its  fair  value  as 
of  the  date  of  valuation  ? 

It  is  the  study  of  such  considerations  as  those  mentioned  in  the  pre- 
ceding paragraphs  which  has  led  very  generally  to  the  conclusion 
stated  elsewhere,  that  there  is  no  general  relation  existing  between  the 
cost  and  the  fair  value  of  a  property.  It  is  evident  that,  if  cost  is  to  be 
used  in  the  determination  of  fair  value,  it  must  be  used  only  under  such 
special  circumstances  as  permit  the  relation  between  cost  and  value  to  be 
known. 

The  object  of  the  Prospective  Competitor  Method  of  valuation  is  to 
ascertain  the  character  of  these  special  conditions  and  the  relation 
which,  under  such  conditions,  exists  between  cost  and  value. 

Applying  to  the  Virginian  Railway  the  Prospective  Competitor 
Method  of  valuation,  still  assuming — for  the  purpose  of  illustration 
and  because  the  data  are  lacking — that  the  value  of  the  property  is 
unaffected  by  the  presence  of  competitors  and  that,  since  its  inception, 
there  has  been  no  change  in  unit  prices  of  labor  and  material,  in  land 
values,  or  in  engineering  methods : 

1. — Under  the  assumption  that  the  original  construction  proceeded 
at  a  normal  pace,  it  is  to  be  assumed  of  course  that  the  construction  of 
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the  competitor  to  the  beginning  of  operation  will  duplicate  the  historic 
construction  to  the  same  period. 

2. — It  will  be  assumed  that  the  business  handled  by  the  competitor 
during  the  second  year  of  its  operation  equals  one-half  that  of  the 
Virginian  Railway  as  of  the  date  of  valuation.  This  provides  one  year 
of  minor  operation  during  which  the  roadbed  is  solidifying  sufficiently 
for  the  normal  handling  of  traffic. 

3. — For  the  reason  that  traffic  in  the  United  States  doubles  in  about 
16  years,  the  total  length  of  the  development  period  for  the  competitor 
is  taken  as  17  years.  At  the  end  of  this  period,  the  physical  property  and 
the  density  of  traffic  are  assumed  to  be  identical  with  those  of  the 
Virginian  Railway,  as  of  the  date  of  valuation. 

4. — Through  experiment,  it  is  found  that  a  13%  rate  increase  over 
that  actually  in  effect  during  the  history  of  the  Virginian  Railway  is 
necessary  during  the  period  of  development  of  the  competitor's  business, 
in  order  that,  at  the  end  of  the  development  period,  the  competitor  shall 
be  earning  6%  on  its  original  cost  to  date.  A  comparison  of  the  essen- 
tial data  of  the  Virginian  Railway  with  that  assumed  for  the  com- 
petitor is  shown  in  Table  3.  Table  4  is  a  comparison  of  the  actual 
financial  history  of  the  Virginian  Railway  with  that  history  as  it  would 
have  been  if  the  rates  had  been  8%  higher,  and  also  with  the  financial 
history  of  the  competitor  with  a  13%  rate  increase. 

An  examination  of  Table  4  indicates  that  the  Virginian  Railway  was 
not  earning  6%  on  its  cost  to  date  to  the  date  of  valuation,  but  that  an 
8%  rate  increase  would  have  accomplished  this.  The  effect  of  this  8% 
rate  increase  is  to  reduce  the  original  cost  to  date  from  the  actual 
$69  522  883  to  $65  996  540.  This  last  amount  compares  with  the  original 
cost  to  date  of  $70  882  787  for  the  competitor  (with  its  13%  rate 
increase).  This  difference  of  about  $5  000  000  represents  the  value 
accruing  to  the  property  because  of  the  abnormally  good  judgment  used 
in  selecting  the  Virginian  Railway  for  investment.  This  enterprise  was 
located  so  that  its  rate  of  growth  of  business  caused  it  to  double  in  6 
years,  whereas  the  normal  rate  of  growth  of  railroad  business  in  the 
United  States  requires  about  16  years. 

None  of  the  figures  used  in  the  preceding  study  of  the  railroad 
included  any  amount  for  depreciation,  although  it  is  probable  that  about 
$5  000  000  of  accrued  deterioration  (loss  of  useful  life  of  the  simple 
parts  of  the  property)  existed  as  of  the  date  of  valuation.    If  it  is  to  be 
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TABLE  3. — Essential  Data,  Virginian  Railway  History  vs. 
Competitor  Assumptions. 


Year 

of 
life  of 
enter- 
prise. 

Annual  Construction 

Cost,  Exclusive  of 

Interest. 

Annual  Gross  Operating 

Earnings,  Exclusive 

of  Interest 

Annual  Operating 

Expenses,  Exclusive 

OF  Interest. 

Actual. 

Programme 

for 
competitor. 

Actual. 

Programme 
for 

competitor 
(1300  rate 
increase). 

Actual. 

Programme 

for 
competitor. 

1 

S          4  885 

124  991 

803  553 

2  002  747 

8  068  906 

13  914  302 

5  713  959 

6  487  348 
1  857  966 
5  085  983 

1  261  087 

2  341  028 
1  472  432 
1  254  047 

704  743 

$          4  885 

124  991 

808  558 

2  002  747 

8  068  906 

13  914  302 

5  713  959 

6  487  848 
1  000  000 
1  000  000 

750  000 
750  000 
750  000 
750  000 
750  000 
750  000 
750  000 
750  000 
750  000 
750  000 
750  000 
750  000 
750  000 
750  000 
750  000 
727  285 

2 

3 

4 

5 

6 

7 

8 

9-  1 

10-  2 

11-  3 

12-  4 

13-  5 

14-  6 

15-  7 
16    8 

$  2  063  190 

3  671  224 

4  837  598 

5  842  584 

6  340  079 
5  820  406 

7  390  382 

$    2  260  OOil 
4  181  000 
4  463  500 

4  746  000 

5  028  500 
5  311  000 
5  593  500 

5  876  000 

6  158  500 
3  441  000 

6  723  500 

7  006  0(10 
7  288  500 
7  571  000 

7  797  000 

8  023  000 
8  249  000 
8  351  131 

$  i  858  980 

2  831  760 

3  574  473 
8  460  099 
3  699  031 

3  655  93B 

4  058  425 

$  1  800  000 
2  800  000 

2  900  000 

3  000  000 
3  100  000 
3  180  000 
3  265  000 
3  340  000 

17    9 

3  420  000 

18  10 

3  500  000 

19  11 

3  550  000 

20-12 
21    13 

3  6(iO  000 

3  680  000 

22-14 

3  760  000 

23  15 

3  840  000 

24  16 

3  900  000 

25-17 

4  000  000 

26  18 

4  058  425 

$51  097  976 

$51  097  976 

835  965  463 

$111  068  131 

$23  138  704 

$60  693  425 

TABLE  4. 


Item. 

Original  Cost  to  Date, 

Devklopment  Period  7  Years 

(1910-1916  Inclusive). 

Original  cost  to 
dateofcompetitor, 
17-year  develop- 
ment period,  13% 
rate  increase. 

Actual. 

With  8no  rate 
increase. 

$51  097  976 
12  826  759 

$51  097  876 
15  703  692 

$51  097  976 

50  474  706 

$38  271  217 
31  251  666 

$35  394  284 
80  602  256 

$623  270 

70  259  517 

$69  522  883 

4  171  373 
3  331  957 

$65  996  540 

3  959  793 
3  923  187 

$70  882  787 

4  252  967 

4  292  707 
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assumed  that  this  amount  should  have  been  covered  by  adding  a  depre- 
ciation charge  to  the  maintenance  expense  and  an  actual  cash  reserve 
established,  then  it  is  evident  that  the  original  cost  to  date  would  have 
been  increased  by  this  $5  000  000.  Inasmuch  as  no  such  cash  reserve 
has  been  established,  the  amount  of  this  reserve  would  have  to  be 
deducted  from  the  original  cost  to  date,  in  arriving  at  the  value  of  the 
property  as  of  the  date  of  valuation.  The  net  result  is  exactly  the  same 
as  if  depreciation  had  been  entirely  ignored — as  has  been  done  in  the 
preceding  computations.  There  is  nothing  in  the  history  of  the 
Virginian  Railway  to  indicate  that  its  physical  condition  as  of  the  date 
of  valuation  was  such  that  maintenance  expense  in  the  immediate  future 
would  be  either  abnormally  high  or  abnormally  low.  Consequently,  in 
so  far  as  depreciation  is  concerned,  there  is  no  need  for  considering 
prospective  profitableness  in  connection  with  the  determination  of  fair 

value. 

Summary. 

The  Prospective  Competitor  Method  of  valuation  of  property  subject 
to  competition  is  dependent  for  its  successful  use  on  the  proper  selec- 
tion of  two  items,  for  neither  of  which  the  method  provides  a  deter- 
mination which,  in  its  last  analysis,  does  not  depend  on  the  judgment 
of  the  user.  These  two  items  are :  (1)  the  earning  power  which  the  com- 
petitor is  assumed  to  have  at  the  commencement  of  normal  operation 
(say,  the  second  year  of  operation  in  the  case  of  a  railroad)  ;  and  (2) 
the  rate  of  increase  of  earning  power. 

Inasmuch  as  the  public  does  not  underwrite  the  cost  of  abnormal 
errors  of  judgment,  among  which  may  be  classed  the  inception  of  an 
enterprise  where  there  is  not  yet  a  normal  public  demand  for  the 
product,  and  inasmuch  as,  consequently,  the  owner  of  the  property  is 
entitled  to  reward  where  exceptionally  good  judgment  has  been  used, 
it  is  evident  that  these  two  items  must  be  selected  so  that  they  repre- 
sent normal  or  average  conditions  rather  than  those  actually  confront- 
ing the  property  under  valuation. 

With  reference  to  the  rate  of  increase  of  earning  power,  the  problem 
is  comparatively  simple,  inasmuch  as  the  average  rate  of  growth  of 
earning  power  of  a  given  industry  in  a  competitive  district  is  readily 
ascertainable. 

There  are  several  points  of  view  from  which  the  consideration  of  the 
earning  power  to  be  assumed  for  the  first  normal  year  of  operation  can 
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be  considered.  First,  we  may  consider  past  history.  What  was  the 
earning  power  of  the  first  year  of  actual  enterprises  of  the  character 
under  consideration?  The  objection  to  using  these  data  is  that  the 
earning  power  awaiting  one  enterprise  might  be  satisfactory  and  yet 
might  be  entirely  unsatisfactory  for  a  different  enterprise  requiring  a 
greater  initial  outlay. 

A  second  point  of  view  is  that  which  considers  the  normal  char- 
acter of  capitalization  of  enterprises.  The  early  expenditures  for  con- 
struction, etc.,  must  be  borne  by  the  owners.  After  construction  has 
proceeded  so  far  that  there  is  a  property  having  a  considerable  tangible 
value,  then  it  is  possible  for  the  owner  to  seek  financial  assistance 
through  mortgaging  his  property;  especially  is  this  true  if  a  definite 
earning  power  has  been  developed.  If,  therefore,  the  initial  earning 
power  of  the  competitor  is  sufficient  to  pay  oi)erating  expenses  plus 
interest  on  one-half  the  cost  to  that  date,  a  definite  basis  will  be 
established  for  securing  additional  capital  through  a  bond  issue  equal 
to  one-half  the  cost  to  such  date. 

To  illustrate:  The  original  cost  to  the  end  of  the  second  year 
of  operation  of  the  Virginian  Railway's  "competitor"  was  about 
$56  000  000.  Interest  at  6%  on  one-half  this  sum  is  $1  680  000.  Operat- 
ing expenses  for  the  second  year  are  estimated  to  be  $2  800  000,  the 
sum  of  the  two  items  being  $4  480  000  as  against  the  $3  671  224  gross 
earnings  actually  earned  by  the  Virginian  Railway  during  its  second 
year  of  operation  (at  rates  apparently  much  too  low). 

The  history  of  five  other  properties  shows  a  second-year  gross  of 
from  $3  300  to  $9  600  per  mile  of  road,  that  of  the  Virginian  Railway 
being  about  $4  600  per  mile. 
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KEPOKT  ON  CAUSE  AND  CORRECTION  OF 
FOUNDATION  TROUBLES  OF  BOX  FACTORY  AT 
NATCHEZ,  MISSISSIPPI* 


By  C.  E.  SMiTH,t  M.  Am.  Soc.  C.  E. 


Synopsis. 

During  1917  a  large  box  factory  was  built  on  a  bench  of  land 
adjoining  the  east  bank  of  the  Mississippi  River,  at  Natchez,  Miss.,  75 
ft.  below  the  top  of  a  bluff  and  150  ft.  above  the  river.  The  owner 
was  not  represented  on  the  work  by  an  engineer  or  building  inspector. 
The  work  was  carried  out  by  an  "Engineering  Contractor"  on  a  cost- 
plus-fee  contract.  Following  the  completion  of  the  plant,  settlement 
occurred  in  the  foundations  under  practically  all  the  buildings  and 
machinery,  and  it  appeared  that  the  entire  building  site  would  slip 
down  the  hill. 

Various  causes  for  the  settlement  were  suggested,  such  as  erosion 
of  the  Mississippi  River  bed  under  water,  settlement  of  the  ground 
due  to  fine  under-soil  carried  out  through  springs  by  the  grovmd-water, 
slipping  of  pervious  strata  above  on  the  imi:»ervious  stratum  below, 
etc.  Investigation  disclosed  that  neither  the  erosion  of  the  Mississippi 
River  nor  the  action  of  escaping  ground-water  caused  the  trouble, 
which  was  found  to  be  due  to  softening  of  the  top  20  ft.  of  soil  by 
water  that  could  not  escape  through  impervious  blue  clay  under  it. 

*  This  paper  will  not  be  presented  for  discussion  at  any  meeting  of  the  Society, 
but  written  communications  on  the  subject  are  invited  for  subsequent  publication  in 
Proceedings,  and  with  the  paper  in  Transactions. 

t  St.  Louis,  Mo. 
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The  trouble  was  corrected  by  excavating  trenches  through  the  top 
soil  to  the  blue  clay,  installing  porous  tile  and  wood  box  drains  and 
back-filling  the  trenches  to  the  surface  with  cinders  and  gravel  con- 
taining a  large  percentage  of  sand.  Immediately  following  the  com- 
pletion of  the  drainage  system  all  ground  movements  stopped,  the 
defective  foundations  were  corrected,  additional  boilers,  engines,  and 
other  facilities  were  installed,  and  no  further  foundation  trouble  has 
occurred.  A  total  expenditure  of  about  $20  000  for  drains  stabilized 
the  soil  and  made  it  possible  to  continue  the  operation  of  the  factory. 

More  than  $25  000  had  been  spent  in  a  futile  effort  to  stop  the 
movement  by  driving  timber  piles  into  the  moving  ground  and  the 
plant  was  operated  at  very  low  efficiency  on  account  of  frequent  shut- 
downs, resulting  in  large  operating  deficits  each  month.  Immediately 
following  the  stabilization  of  the  foundations  the  plant  overcame  all 
deficits  and  showed  a  profit. 


During  1917  a  large  factory  for  the  manufacture  of  wood  boxes, 
tubs,  and  veneer  was  constructed  under  contract  on  the  east  bank  of 
the  Mississippi  River  at  Natchez,  Miss.  The  general  plans  were  pre- 
pared in  the  office  of  the  owners  at  Chicago,  111.,  who  were  represented 
on  the  construction  work  by  a  bookkeeper;  the  future  plant  manager 
visited  the  work  occasionally.  The  owners  did  not  have  an  engineer 
or  building  inspector  on  the  work,  as  it  was  thought  that  the  "Engi- 
neering Contractor"  would  automatically  provide  the  engineering  and 
inspection.  Later  developments  indicated  that  special  engineering 
knowledge  and  advice  during  the  construction  period  were  conspicu- 
ously absent,  and  nearly  resulted  in  the  wrecking  of  the  plant. 

Ground  Conditions  and  Movements. 

At  the  site  of  the  factory  the  Mississippi  River  has  a  vertical  rise 
and  fall  of  about  50  ft.  The  bank  slopes  upward  about  1  in  5  for  750 
ft.  back  from  the  high-water  line  to  the  highest  ground  150  ft.  above. 
A  cross-section  of  the  bank  between  the  river  and  the  top  of  the  bluff 
at  the  site  of  the  plant  is  shown  in  Fig.  1. 

The  surface  of  the  sloping  bank  consists  of  a  thin  layer  of  black 
loam,  under  which  is  yellow  clay  of  indefinite  depth.  In  this  clay 
appear,   at  several  depths,   and   in   irregular   thicknesses   and   extent. 
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Elevations,  in  Feet. 


Elevations,  in  Feet. 
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various  strata  of  coarse  sharp  sand,  fine  quicksand,  mixtures  of  this 
fine  sand  and  clay,  and  sloping  layers  of  blue  clay.  The  mixture  of 
fine  sand  and  clay  is  very  firm  and  hard  when  dry,  bvit  when  saturated 
with  water  it  becomes  a  typical  quicksand. 

For  many  years,  beyond  the  memory  of  the  oldest  settler,  this 
typical  Natchez  river  bank  has  been  sliding  or  flowing  toward  the 
river,  causing  continual  disturbance  and  subsidence  of  the  ground 
surface  on  the  slope.  The  movement  of  the  ground  was  a  miniature 
reproduction  of  glacial  action.  A  typical  cross-section  at  a  point 
where  the  greatest  movement  took  place  is  shown  in  Fig.  2. 

Residents  over  80  years  old  remember  being  told  of  the  time  when 
the  slope  was  higher  and  level  and  occupied  by  buildings.  It  appears 
that  the  high  ground  originally  extended  out  to  a  bluff  on  the  river 
bank  and  that  the  present  slope  is  the  result  of  the  sliding  to  which 
reference  has  been  made. 

At  extreme  low  water,  or  zero  gauge  of  the  Mississippi  River,  a 
I>orous  stratum  of  cemented  gravel  and  sand  with  a  small  mixture  of 
iron  ore,  locally  referred  to  as  "ironstone",  outcrops  along  the  entire 
Natchez  water-front  and  gives  forth  an  abundant  flow  of  clear  cool 
water  through  numerous  springs. 

This  emergence  of  the  underground  water  200  ft.  below  the  high 
ground  above  has  been  commonly  held  as  the  reason  for  the  sliding 
F.nd  settling  of  the  sloping  bank.  A  careful  examination  of  the  porous 
stratum  and  of  the  springs,  together  with  other  conditions  and  infor- 
mation, convinced  the  writer  that  the  sliding  and  settling  were 
not  due.  to  tliis  cause.  The  water  emerging  from  the  porous  strata 
comes  out  perfectly  clear  and  does  not  carry  any  sediment.  If,  in 
fact,  fine  sediment  were  being  carried  out  from  deep  levels  by  this 
underground  water,  undoubtedly  caves  would  be  formed,  which,  in 
the  fine,  easily  broken-down  soil  that  overlays  the  cemented  gravel, 
would  ultimately  result  in  chimneys  and  sink-holes.  There  are  no 
such  chimneys  and  sink-holes  at  Natchez. 

Bank  Erosion  by  Mississippi  River. 

Another   theory   which   was   advanced   to    account   for   the   sliding 

ground  is   that  the  erosion  of  the  river  bank  below   low-water   level 

caused  the  bank  to  subside  and  gradually  flow  toward  the  river.     This 

theory  was  strengthened  by  the  fact  that  within  the  memory  of  present 
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residents  of  Natchez  the  river  has  made  extensive  inroads  on  the 
lower  portion  of  the  city.  The  present  high  ground  on  which  the  city- 
is  located  was  formerly  separated  from  the  river  by  an  area  of  com- 
paratively low  and  level  ground,  four  or  five  city  blocks  in  width, 
fully  occupied  by  buildings,  known  as  "Natchez-under-the-hill". 

Approaching  Natchez  from  up  stream,  the  river  makes  a  long 
sweep  or  bend  and  takes  a  direction  nearly  at  right  angles  to  the 
bank,  then  turns  in  another  bend  to  follow  the  direction  of  the  high 
ground.  The  low  ground  of  "Natchez-under-the-hill",  having  been 
located  in  the  bight  of  the  bend,  was  eroded  until  it  nearly  all  disap- 
peared, barely  space  enough  remaining  for  one  street  on  the  side-hill 
between  the  water  and  the  bluff.  Further  erosion  of  the  bank  was 
prevented  by  mattress  and  revetment  work  placed  by  the  United 
States  Government.  The  United  States  Engineer  Corps  took  numer- 
ous and  frequent  soundings  along  the  front,  a  study  of  which  indicates 
that  since  the  revetment  was  placed,  no  further  erosion  has  taken 
place.  The  bank  down  stream  from  the  revetment,  opposite  the  site 
of  the  factory,  has  not  eroded  to  any  appreciable  extent,  and  it  does 
not  appear  that  the  sliding  and  subsidence  of  the  sloping  bank  above 
high  water  was  due  to  the  erosion  of  the  banks  by  the  river.  The 
liver  is  quite  deep,  the  bed  being  60  ft.  or  more  below  low  water. 

According  to  Mark  Twain's  reference  to  "Natchez-under-the-hill", 
its  disappearance  might  have  been  a  well  merited  fate.  In  his  "Life 
on  the  Mississippi",  about  1880,  he  refers  to  it  as  follows : 

"Famous  Natchez-under-the-hill  has  not  changed  notably  in  twenty 
years;  in  outward  aspect — judging  by  the  descriptions  of  the  ancient 
procession  of  foreign  tourists — it  has  not  changed  in  sixty;  for  it  is 
still  small,  straggling  and  shabby.  It  had  a  desperate  reputation, 
morally — in  the  old  keel-boating  and  early  steamboating  times — plenty 
of  drinking,  carousing,  fistcufEng,  and  killing  there,  among  the  riff- 
raff of  the  river,  in  those  days.  But  Natchez-on-top-of-the-hill  is 
attractive,  has  always  been  attractive." 

Plant  Site  and  Buildings. 

A  site  for  the  factory  was  prepared  by  leveling  the  slope  about  60 
ft.  below  the  top  to  a  bench  approximately  350  ft.  wide,  the  deepest. 
cut  in  the  bluff  amounting  to  nearly  30  ft.  and  the  highest  fill  about 
25  ft. 


624  CORRECTION  OP  FOUNDATION  TROUBLES  [Papers. 

The  factory  buildings,  covering  about  2  acres,  and  including  the 
boiler-house  .with  brick  stack,  engine-house,  veneer  mill,  kiln  veneer 
dryers,  storage  sheds,  box  and  tub  factories,  soaking  vats,  elevated 
water-tanks,  and  appurtenant  log  conveyors  and  tramways,  derricks, 
and  saw-mills,  were  built  on  the  graded  ground.  The  construction  was 
completed,  and  operation  of  the  plant  commenced  early  in  1918. 

Failure  and  Movement  of  Foundations. 

Less  than  a  year  after  the  completion  of  the  plant,  and  during 
the  rainy  season,  the  ground  sheared  vertically  along  several  lines 
normal  to  the  slope  of  the  hill-side,  with  a  settlement  of  from  2  to  15 
ft.,  and  slid  down  the  hill-side,  carrying  large  sections  of  surface  earth 
with  growing  trees  as  far  as  200  ft. 

A  typical  crack  in  the  ground  preceding  a  slide  is  shown  in  Fig.  4. 
The  lower  slope  of  the  sliding  ground  is  shown  in  Fig.  6. 

Shortly  after  operations  commenced,  the  foundation  walls  under 
the  boiler-house  broke,  and  the  river  end  settled  about  1  ft.  and  moved 
toward  the  river  1  ft.;  the  brick  walls  fell  down,  the  brick  boiler 
settings  of  two  300-h.  p.  boilers  were  shattered,  and  the  boilers  pulled 
away  from  the  breeching.  The  90-ft.  brick  stack  settled  and  caved 
slightly,  and  the  water-tank  footings  showed  a  slight  settlement. 

The  plant  was  originally  operated  by  a  550-h.  p.,  Corliss  engine 
and  line  shaft.  The  engine  foundation  settled  and  threw  the  engine 
out  of  setting.  The  concrete  foundations  under  the  6-in.  jack-shaft 
settled  several  feet  and  slid  5  to  10  ft.  entirely  outside  of  the  engine- 
house.  The  engine-house  foundations  on  the  river  side  settled  and  slid 
completely  oiit  from  under  the  engine-house.  The  movement  of  these 
footings  is  indicated  in  Figs.  7  and  8. 

Practically  every  footing  under  the  storage  shed  settled  and  moved 
out  of  place.  The  outside  row  on  the  river  side  settled  over  15  ft. 
and  slid  out  nearly  30  ft.  About  seventy  footings  settled  and  moved. 
Figs.  3  and  5  show  the  nature  and  extent  of  this  settlement  and 
movement. 

The  settling  ground  extended  back  to  the  foundations  of  the  heavy 
veneer  mill  and  planers  and  the  kiln  veneer  dryers;  it  broke  sewer 
snd  water  lines,  caused  frequent  long  shut-downs,  made  it  impossible 
to  get  on  a  production  basis,  and,  for  a  while,  it  appeared  as  if  the 
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Fig.   5. — Concrete  Footings  Under  West  End  of  Storage  Shed. 


Fig.  6. — Lower  Slope  of  Sliding  Ground, 
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enterprise    would    have    to    be    abandoned,    and    the    plant    moved    to 
another  site. 

Emergency  Repairs. 

Ineffectual  methods  were  adopted  to  stop  the  sliding  ground. 
Timber  piles  were  driven  into  the  ground,  but  they  were  carried  right 
along,  tipped  over,  upheaved  and  literally  thrown  out  of  the  ground  by 
the  movement,  as  shown  in  Figs.  9  and  10. 

After  closing  down  for  sixty  days,  the  factory  was  continued  in 
intermittent  operation  with  the  greatest  difficulty  by  keeping  gangs 
of  workmen  all  over  the  plant  jacking  and  propping  the  buildings  on 
the  moving  ground.  A  new  connection  was  made  between  the  un- 
affected portion  of  the  jack-shaft  and  the  re-set  Corliss  engine.  A 
new  engine,  with  dynamo,  was  installed  and  motor  drive  put  on  several 

machines. 

•\       Investigation  of  Trouble. 

I 

After  this  painful  experience  had  continued  for  about  a  year,  the 
situation  was  brought  to  the  writer's  attention  for  the  first  time  early 
in  1919,  when  the  owner  requested  that  an  examination  be  made,  the 
trouble  diagnosed,  the  remedy  prescribed  and  estimated,  and  recom- 
mendations submitted  for  further  procedure. 

After  a  carefvd  examination,  the  writer  concluded  that  neither 
the  erosion  of  the  river  nor  the  springs  at  low-water  level  had  any- 
thing to  do  with  the  settlement,  but  that  it  was  due  to  local  conditions, 
snd  that  the  ground  movements  and  slides  could  be  stopped  by  a 
system  of  under-drains.  The  filled  earth  was  a  very  loose  mixture  and 
contained  a  quantity  of  rubbish  which  prevented  it  from  packing  and 
forming  a  hard  surface  such  as  would  permit  water  to  flow  off  rapidly. 
On  the  contrary,  the  surface  was  broken  by  cracks  and  depressions 
which  collected  the  water  and  caused  the  filled  earth  to  become  rapidly 
saturated  to  the  depth  of  the  original  ground  surface. 

On  this  less  pervious  surface  the  water  collected,  satvirated  the 
loose  loam  and  clay  to  a  slimy  mass,  1  or  2  ft.  thick,  and  started  to 
flow  down  the  slope.  Farther  down  the  hill-side  at  the  lower  end  of 
the  fill,  the  water  came  to  the  surface  washing  with  it  a  mass  of  soft 
mud.  As  this  mud  oozed  out,  the  earth  above  settled  and  this,  in 
turn,  became  saturated  and  started  to  flow.  Where  the  soft  earth  at 
the  level  of  the  original  ground  surface  did  not  flow  enough  to  cause 
a  vertical  settlement,  it  formed  a  slippery  layer  on  which  the  loose 
earth  above  could  slide. 
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Conditions  which  were  bad  enough  after  weeks  of  torrential  rains 
common  in  the  lower  Mississippi  Valley,  were  made  worse  by  surface 
drains  both  for  storm-water  and  for  water  resulting  from  the  operation 
of  the  plant  and,  after  the  first  slight  movement  of  earth,  by  a  number 
of  leaks  in  under  ground  water  pipes  and  sewers. 

The  slide  as  well  as  the  vertical  settlement  was  further  augmented 
by  hundreds  of  tons  of  log  cores  from  the  mill,  which  were  piled  on 
the  hill-sides  near  the  top  of  the  slope.  Besides  placing  a  great  weight 
on  top  of  the  moving  earth,  these  cores  furnished  crevices  and  open- 
ings in  the  ground  surface  through  which  the  water  soaked  into  the 
earth  instead  of  running  off. 

Construction  of  Under-Drains. 

A  comprehensive  system  of  porous  under-drains,  with  a  combined 
length  of  2  870  ft.,  was  placed  under  and  around  the  principal  build- 
ings of  the  plant.  These  drains  consisted  of  tile  pipes  or  perforated 
wood  boxes  placed  at  depths  of  from  10  to  25  ft.  in  trenches,  which  were 
then  back-filled  with  gravel  or  cinders.  The  trenches  averaged  30  in. 
in  width,  which  was  as  narrow  as  they  could  be  dug  conveniently  to 
the  required  depth. 

Tile  pipe  of  sizes  from  6  to  12  in.,  which  could  be  placed  more 
cheaply  than  wood  box,  was  used  in  all  lines  where  the  earth  was 
not  moving;  but  at  ix)ints  where  movement  was  taking  place  it  was 
found  that  sections  of  pipe  pulled  apart  too  easily,  and  continuous 
wood  box  was  used  instead.  Wherever  possible  this  was  kept  below 
the  plane  of  the  slide. 

This  wood  box  was  built  of  2  by  12-in.  cypress  planks,  the  sides 
resting  on  the  bottoms  so  as  to  make  the  interior  dimensions  8  in. 
wide  by  12  in.  high.  The  sides  and  top  were  perforated  with  1-in. 
holes  in  two  rows,  at  S-in.  intervals  in  each  row.  The  joints  between 
the  side  and  bottom  planks  of  the  box  were  well  caulked  with  oakum 
and  then  covered  with  narrow  lath.  These  joints  were  broken  so 
as  not  to  have  successive  planks  in  the  side  to  join  at  the  same  section 
at  which  planks  joined  in  the  top  and  bottom;  all  were  held  by  2  by 
12-in.  scabs,  3  or  4  ft.  long,  well  spiked  at  both  ends  so  as  to  keep 
the  box  from  pulling  apart  during  slight  movements  of  the  earth. 
The  lumber  used  was  a  low  grade  of  pecky  cypress  which  was  found 
to  bo  quite  satisfactory. 
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Fig.  9. — Timber  Piles  Deiven  in  Effokt  to  Stop  Eaeth  Movement. 


Fig.  10. — Timber  Piles  Driven  in  Effort  to  Stop  Earth  Movement. 
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From  the  lower  ends  of  the  under-drains  the  flow  was  carried  down 
the  hill-side  in  open  flumes  of  wood,  of  the  same  cross-section  as 
the  box  underground.  Points  at  which  the  drains  came  to  the  surface 
were  selected,  on  steep  slopes,  so  as  to  have  the  drain-pipe  or  box 
pass  through  as  short  lengths  as  possible  of  the  surface  earth,  as 
this  was  constantly  in  motion  and  tended  to  pull  the  sections  of  pipe 
and  box  apart.  The  open  flumes  were  placed  on  timber  bents  spaced 
10  or  12  ft.  apart.  The  flume  was  kept  from  disjointing  at  each 
slight  displacement  of  the  bents  due  to  movement  of  the  earth.  The 
bents  could  be  put  back  in  place  after  each  movement  without  injuring 
the  flume. 

After  the  completion  of  the  under-drains  the  earth  near  them, 
especially  on  the  hill-sides,  was  graded  to  slope  uniformly  toward  the 
gravel-filled  trenches  through  which  the  water  passed  to  the  under- 
drains.  ' 

The  flow  through  the  several  drains  was  measured  daily  during 
their  construction,  and  that  through  each  drain  was  found  to  decrease 
gradually  for  two  or  three  weeks  after  its  completion,  which  indicated 
that  the  level  of  the  ground-water  was  being  slowly  lowered.  The 
total  underground  seepage  after  the  drains  had  been  in  place  suffi- 
ciently long  to  have  reached  their  minimum  of  flow,  and  after  defects 
in  the  surface  drainage  had  been  corrected,  amounted  in  the  driest 
weather  to  about  12  000  gal.  per  day  from  an  area  of  about  4  acres,  2 
acres  of  which  are  covered  by  buildings  the  drainage  from  which  is 
otherwise  disposed  of.  This  was  increased  to  about  100  000  gal.  per  day 
in  very  wet  weather. 

Movement  of  the  ground  stopped  promptly  at  one  point  after 
another  as  the  drains  at  these  respective  points  were  completed,  until 
the  work  was  finished.  After  completion,  not  the  least  movement 
could  be  noticed  at  any  time.  The  earth,  which  formerly  was  muddy 
and  soggy  from  one  rain  until  the  next,  now  dries  rapidly  after  each 
successive  downpour  and  is  perfectly  stable.  The  plant,  valued 
at  $800  000,  in  serious  danger  of  ruin,  has  been  made  safe  for  opera- 
tion by  an  expenditure  of  less  than  $20  000. 

Although  several  months  have  elapsed  since  the  completion  of 
the  drains,  there  has  been  no  further  trouble.     The  drains  were  placed 
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during  the  early  summer  of  1919.     In  February,  1920,  the  manager 
of  the  factory  advised  as  follows: 

"I  am  very  pleased  to  report  that  even  in  the  face  of  the  continuous 
rains  all  through  the  summer  and  up  to  the  present  time,  even  in  a 
heavy  rain  which  we  had  in  January,  when  it  rained  about  7  in.  in 
two  days,  that  there  was  absolutely  no  movement  in  any  part  of  the 
hill  where  the  drains  were  put  in." 

Cost  of  Drainage  System. 
The  cost  of  the  work  was  as  follows: 

Excavation  per  Cubic  Yard: 

Handling  earth  (in  addition  to  actual  excavation,  this 
includes  an  average  haul  of  250  ft.  for  all  excavated 

material)    $2.00 

Miscellaneous  items  (this  includes  bracing  the  trench,  fore- 
man's supervision,  trench-jacks,  lumber,  and  rubber 
boots)   1-35 

Total    $3.35 

Back-filling  per  Cubic  Yard: 

Labor  (this  includes  handling  of  gravel  from  railway  cars 

to  the  several  drains,  with  an  average  haul  of  250  ft.) .    $1.90 
Gravel,   including  freight    2.10 

Total   $4.00 

Placing  Wood  Box  per  Linear  Foot: 

Labor   (time  of  carpenters  and  laborers  building  the  box, 

and  placing  it  in  the  trench) $0.65 

Cost  of  timber  0.20 

Total    $0.85 

Placing  Tile  Pipe  per  Linear  Foot: 

Labor  (time  of  foreman  and  laborers  carrying  the  pipe 
from  stock  piles  to  the  drains,  and  placing  it  in  posi- 
tion)        $0.20 

Tile  pipes,  including  freight 0.35 

Total   $0.55 

Cost  per  Linear  Foot  on  All  Operations $7.20 
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The  trenches  reached  a  maximum  depth  of  25  ft.,  with  an  average 
depth  of  15  ft.  All  trenches  were  braced.  In  many  places  the  soil 
ran  through  the  cracks  like  soft  ice  cream. 

The  unit  costs  for  material  and  labor  were  as  follows: 

Cost  of  Labor  per  Hour: 

Foreman    $0.75 

Carpenter   $0.50 

Negro  laborers  (10-hour  day)    f. $0.25  to  $0.30 

Costs  of  Matei-ial  per  Cubic  Yard: 

Gravel  ($1.20,  freight  $0.90) $2.10 

Cinders   (loading  and  switching  charges  only) $0.80 

Lumber,  pecky  cypress,  per  1  000  ft.  b.  m $30.00 

Tile  Pipe: 

Size,  in 

inches.  Pipe.  Freight.  Total. 

6  $0.19  $0.05  $0.24 

8  0.27  0.07  0.34 

10  0.37  0.09  0.46 

12  0.58  0.12  0.70 

Other  Plant  Improvements. 

When  work  on  the  under-drains  had  progressed  far  enough  to  con- 
vince the  owners  of  success,  work  was  started  on  the  reconstruction 
of  the  damaged  portions  of  the  plant  and  on  several  additions.  The 
old  foundation  of  the  drag-saw  used  to  cut  the  rough  logs  to  con- 
venient lengths  for  the  lathes,  had  to  be  entirely  replaced  and  the 
engine  operating  the  saw  re-set.  The  foundation  for  this  engine  and 
saw  was  20  by  28  ft.,  and  consisted  of  twenty-four  timber  piles  with 
an  average  penetration  of  25  ft.,  capped  with  a  24-in.  slab  of  concrete. 

A  small  saw-mill  was  built  adjacent  to  the  drag-saw.  The  point 
of  the  hill  on  which  this  was  located  had  not  yet  been  cared  for  by 
under-drains  and  was  still  moving  at  the  time  the  mill  was  built. 
For  this  reason,  it  was  decided  to  place  for  a  foundation  a  heavy  frame 
of  12  by  12-in.  timbers  which  could  be  jacked  up  and  leveled  after 
slight  movements  of  the  earth  until  such  time  as  it  would  be  quite 
stable,  when  a  more  stationary  foundation  could  be  placed. 
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In  order  to  join  this  saw-mill  with  the  veneer  mill  and  the  drag-saw 
with  the  boiling  vats,  conveyors  and  a  heavy  timber  platform  9  ft.  high 
were  built  to  replace  an  old  conveyor  and  platform  which  had  been 
completely  wrecked  by  the  slide.  All  these  structures  were  placed  on 
timber  piles,  with  penetration  well  into  the  original  solid  ground  beneath 
the  slide.  The  piles  under  each  conveyor  were  placed  at  8-ft.  centers 
in  each  of  two  rows  5  ft.  apart.  Under  the  platform  they  were  at 
6-ft.  centers  in  both  directions. 

All  water  pipes  and  sewers  were  seriously  damaged  by  the  earth 
movement  and  required  extensive  repairs.  The  fire  protection  sprinkling 
system  was  entirely  removed  from  underground  and  put  overhead. 

The  additions  to  the  plant  consisted  of  two  new  boiling  vats,  three 
new  boilers  with  a  combined  capacity  of  1 100  h.  p.,  a  new  self-support- 
ing steel  stack,  8  ft.  in  diameter  and  135  ft.  high,  and  a  new  engine 
and  500-kw.  generator.  The  boiling  vats  were  each  9  ft.  by  40  ft. 
over  all,  with  a  depth  inside  of  10  ft.  The  walls  tapered  from  9  in. 
thick  at  the  top  to  18  in.  thick  at  the  bottom,  and  each  rested  on  a 
single  row  of  timber  piles  driven  at  3-ft.  centers.  The  piles  were 
capped  with  a  2-ft.  floor  slab. 

The  boilers,  the  stack,  and  the  new  engine  and  generator  were 
not  placed  on  piles,  as  the  earth  at  these  points  was  considered  to 
be  stable  enough  after  the  completion  of  undcr-drains  in  this  vicinity 
to  use  the  customary  spread  foundations  of  concrete. 

Supervision  of  the  Work. 

The  trouble  was  investigated  and  the  remedy  prescribed  by  the 
writer;  the  construction  work  of  putting  in  the  drains  and  the  founda- 
tion work  for  correcting  the  defects  and  for  the  additional  mechanical 
and  electrical  equipment  was  supervised  by  Assistant  Engineers  M.  H. 
Doyne,  Jun.  Am.  Soc.  C.  E.,  and  Mr.  G.  C.  Hetlage. 

No  contract  was  let.  The  materials  were  purchased  by  the  Box 
Company,  the  labor  was  carried  directly  on  its  pay-roll,  and  worked 
under  the  Assistant  Engineers.  The  additional  mechanical  and  elec- 
trical equipment  was  specified  by  D.  MacKenzie,  Consulting  Engineer, 
of  Chicago,  111.,  and  installed  by  Mr.  Robert  Warmack  under  the 
supervision  of  Mr.  MacKenzie. 

The  investigation,  installation  of  the  drainage  system,  correction 
of   defects,    and   additions   to   the   plant   were   carried   out   under   the 
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general  supervision  of  J.  W.  Drissen,  General  Manager  of  the  Box 
Company. 

Conclusion. 
The  employment  of  competent  engineering  assistance  during  the 
construction  period  would  have  avoided  all  the  later  troubles  and 
expense.  The  employment  of  competent  engineering  service  imme- 
diately when  trouble  first  developed  in  the  foundations  would  have 
saved  large  sums  expended  in  experimenting  and  would  have  avoided 
the  greater  portion  of  the  operating  deficits.  The  plant  could  have  been 
put  on  a  paying  basis  much  sooner  with  a  great  saving  to  the  owners. 
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George  F.  Swain,:}:  Past-President,  Am.  Soc.  C.  E.  (by  letter). § —    Mr. 
Discussiou  on  this  paper  would  naturally  be  directed  to  (1)  criticism  ■'*"'*'"■ 
or  commendation  of  the  principle  or  the  writer's  presentation  of  it;  or 
(2),  whether,  as  the  writer  supposed  when  he  presented  it,  it  was  novel. 

There  has  been  little  criticism,  except  in  two  instances,  of  the 
principle  itself,  or  of  its  presentation,  and  the  writfer  here  expresses  his 
thanks  for  the  commendatory  remarks  which  have  been  made  by  many 
who  have  discussed  it.  As  to  the  ijrinciple  itself,  it  is  simple  and 
fundamental,  and  stands  alongside  the  principle  of  deflection  first  given 
by  Maxwell,  and  first  published  in  this  country  by  the  writer,  as  a 
wholly  similar  method  of  finding  rotation.  There  is  no  question  as  to 
its  correctness,  though  one  contributor  does  not  admit  it. 

It  should  be  stated  at  once  that  the  writer  did  not  claim  anywhere 
that  the  problems  which  could  be  solved  by  the  aid  of  the  principle  could 
not  be  solved  otherwise,  in  some  cases  as  easily  as  by  its  aid,  and  in 
some  cases  more  easily  than  by  it.  The  object  was  merely  to  present 
it  as  a  fundamental  principle  in  the  theory  of  structures  which  he 
believed  had  escaped  recognition  by  American  engineers  even  if,  as 
he  suggested,  it  had  been  published  before,  although  he  was  not  aware 
and  still  does  not  believe  that  it  had,  in  its  general  form.  The  dis- 
cussion aflFords  good  evidence  that  it  had  not  been  recognized  or 
appreciated,  even  if  it  had  been  known. 

*  Discussion  of  the  paper  by  George  F.  Swain,  Past-President,  Am.  Soc.  C.  E., 
continued  from  February,   1920,  Proceedings. 
t  Author's  closure. 
t  Cambridge,  Mass. 
§  Received  by  the  Secretary,  March  4th,  1920. 
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Mr.  Since  the  paper  was  published,  the  writer  has  found — partly  from 

Swam,  ^j^g  references  quoted  in  the  discussions,  and  partly  in  other  ways — 
that,  as  he  had  surmised,  the  principle  had  been  known,  in  Europe,  but 
only  as  applied  to  beams,  and  not  as  applied  to  trusses  or  combinations. 
He  does  not  believe,  however,  that  the  principle  had  been  at  all  rec- 
ognized or  used  in  America,  either  for  beams  or  trusses,  although  it 
is  referred  to  in  one  American  book,  but  not  explained  or  illustrated 
even  there.  The  book  referred  to  is  "Bridge  Engineering",  Vol.  I,  by 
J.  A.  L.  Waddell,  M.  Am.  Soc.  C.  E.,  where,  on  page  231,  after  referring 
to  the  formula  for  the  deflection  of  a  beam, 

*'  If  m  d  X 
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it  is  stated: 

"If  it  should  be  desired  to  find  the  amount  of  rotation  of  a  given 
point  of  a  beam,  a  couple  with  a  moment  of  unity  can  be  placed  at  the 
said  point,  and  Equation  (5)  applied  by  changing  8  to  a  (the  angle  in 
radians  through  which  the  point  turns),  the  values  of  m  being  those 
produced  by  the  unit  couple". 

The  writer  has  not  found  in  this  book,  or  any  other,  any  reference 
to  its  application  to  trusses. 

Bearing  in  mind  that  the  writer's  paper  showed  a  method  of  finding 
the  angular  rotation  of  the  axis  of  a  piece  at  any  point,  due  to  given 
loads,  whether  the  piece  is  a  straight  or  curved  beam,  or  a  truss  mem- 
ber, or  both,  it  may  be  well  to  consider  some  of  the  references  given 
by  those  who  claim  that  the  principle  is  not  new. 

Professor  Parcel  states*  that  the  principle  is  not  new,  but  he  says 
it  is  little  understood.  He  gives  several  references.  The  writer  does 
not  find  in  Molitor's  work,  on  page  18  or  pages  28-29,  or  elsewhere,  any 
statement  of  the  principle.  Hartmann,  pages  9-11,  finds  rotation  only 
for  solid  beams,  and  on  pages  24-33  there  are  only  illustrations  for 
solid  beams,  with  no  hint  of  its  being  a  general  principle.  Mehrtens,  at 
the  pages  cited,  or  elsewhere,  gives  no  statement  of  the  principle  at  all, 
but  treats  an  entirely  different  problem,  namely,  that  of  finding  the 
angular  rotation  of  a  line  passing  through  any  two  joints  of  a  frame. 
If  a  line,  L,  is  drawn  through  any  two  joints  of  a  frame,  whose  dis- 
tance apart  is  m,  and  if  it  be  desired  to  find  the  angular  rotation  of  this 
line  under  given  loads,  this  may  easily  be  done  by  the  use  of  deflections. 
If  a  unit  load  is  applied  at  one  of  the  joints,  perpendicular  to  L,  and 
if  this  load  causes  stresses,  t,  in  the  members,  the  deflection  of  the 
point  in  the  direction  of  the  unit  load  due  to  the  actual  (not  unit) 
loads  will  be,  by  the  deflection  formula, 

tsl 
E~A' 


2 


Proceedings,  Am.  Soc.  C.  E.,  May,  1919,  p.  322. 


Papers.]    DISCUSSION  :  NEW  PRINCIPLE  IN  THEORY  OF  STRUCTURES    643 


If  a  unit  load  be  applied  at  the  other  joint  perpendicular  to  L,  but    Mr. 
in  the  other  sense,  causing  stresses,  t\  the  deflection  of  this  point  under  ®^^'"' 
the  actual  loads  will  be 

'^r^  t'  si 

The  sum  of  these  two  quantities  divided  by  m,  will  bo  the  angular 
rotation  of  the  line ;  but  this  will  be  the  same  as 


in  which  t"  is  tlie  stress  due  to  a  load  —  at  each  ioint,  or  a  unit  couple, 

with  one  force  at  each  joint.  This  is  easy,  and  follows,  from  the 
deflection  formida,  but  it  is  not  the  writer's  principle  at  all. 

If  Professor  Parcel  thinks  Mehrtens  has  given  the  writer's  principle, 
he  has  failed  to  grasp  that  principle.  Miiller-Breslau  is  referred  to  by 
Professor  Parcel.  The  writer  has  only  the  1907  edition  of  his 
"Graphische  Statik",  but  in  it  finds  no  statement  of  his  principle.  On 
pages  14-17  the  rotation  of  a  line  through  any  two  joints,  just  referred 
to,  is  what  is  found;  and  on  pages  52-57  are  historical  notes,  containing 
no  statement  of  the  principle.  Miiller-Breslau  is  also  referred  to  by 
Professor  Church,  who  cites  Equation  (54a)  on  page  133.  This  equa- 
tion, however,  refers  only  to  solid  beams,  straight  or  curved,  and  is  in 
a  paragraph  of  Abschnitt  II,  which  bears  the  title  "Biegungsfestigkeit 
gerader  und  einfach  gekrummter  Stjibe".  His  Equation  (54a)  is 
obtained  from  Equations  (37)  and  (38),  which,  as  the  figures  show, 
apply  to  solid  beams,  not  trusses.     Also,  his  Equation  (54a)  is 

/N  n  d  X 
- 

which  clearly  shows  that  it  applies  to  a  beam.  The  writer's  equation 
contains  S     C ,  which  is  very  different. 

The  writer  has  found  no  evidence  that  Miiller-Breslau,  or  any  other 
European  writer,  had  perceived  the  principle,  except  as  applied  to 
beams,  or,  if  they  had,  that  they  have  stated  it.  Of  course,  it  is  easy 
to  see,  now  that  the  writer  has  pointed  it  out,  that  the  principle  is 
implicitly  contained  in  the  work  equation,  but  many  things  are  hidden 
until  they  are  made  clear. 

Professor  Turneaure  states*  that  the  principle  is  not  new  to  him. 
This  is  not  surprising,  since  it  is  so  simple  and  obvious;  but  if  Pro- 
fessor Turneaure  had  perceived  it,  he  evidently  did  not  think  it  impor- 
tant enough  to  mention,  and  the  writer  cannot  in  the  least  agree  with 
*  Proceedings,  Am.  Soc.  C.  E.,  May,  1919,  p.  331. 
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Mr.  his  statement  that  it  is  "quite  fully  set  forth"  in  his  book.  Indeed,  the 
'  writer  does  not  believe  that  anybody,  reading  the  paragraph  in  Pro- 
fessor Turneaure's  excellent  book  to  which  reference  is  made,  would 
get  even  an  inkling  of  the  principle.  Let  any  reader  test  this.  In  the 
first  place,  the  paragraph  he  quotes  deals  with  stresses  in  redundant 
members,  and  in  this  case  the  question  of  angular  rotation  is  not 
involved.  The  quoted  paragraph  refers  to  structures  which  include 
"members  acting  as  beams".  This  must  mean  cases  in  which  the  mem- 
bers are  acted  upon  by  transverse  loads.  It  canjiot  refer  to  secondary 
stresses,  for  these  are  treated  in  a  later  chapter  which  begins  with  the 
statement,  "It  has  been  assumed  heretofore  *  *  *  that  all  members 
of  a  truss  are  free  to  turn  at  the  joints."  What,  then,  is  the  meaning 
of  Professor  Turneaure's  reference  to  "a  bending  moment  of  unity  in 
the  redundant  member"?  At  what  point  in  the  redundant  member? 
Presumably  at  the  point  where  the  rotation  is  to  be  determined.  Pro- 
fessor Turneaure,  however,  nowhere  gives  any  formula  for  finding  rota- 
tion analogous  to  that  for  finding  deflection.  The  writer's  principle 
deals  with  a  moment  unity  at  the  point  where  the  rotation  is  to  be  deter- 
mined, and  shows  how  to  find  that  rotation,  and  Professor  Turneaure 
nowhere  does  this.  The  writer  is  free  to  confess  that  he  does  not  clearly 
understand  Professor  Turneaure's  quoted  paragraph,  but  he  is  sure 
that  it  does  not  contain,  or  even  suggest,  his  principle.  Again,  the 
writer  has  not  found  anywhere  in  Professor  Turneaure's  volumes  any 
statement  or  illustration  of  the  principle,  even  for  beams. 

Replying  to  Mr.  Godfrey,*  the  writer's  object  was  to  present  a 
scientific  principle,  and  to  illustrate  its  application.  Mr.  Godfrey  thinks 
that  "not  one  engineer  in  fifty  doing  practical  designing  could  follow 
this  paper".  That,  if  true,  does  not  speak  very  well  for  engineers,  and 
would  suffice  to  explain  the  low  estimation  in  which  many  are  held. 
He  also  thinks  "there  is  no  reason  on  earth  why  it  [the  method]  should 
be  applied  in  a  practical  design."  Well,  there  was  a  time,  not  so  long 
ago,  when  few  engineers  "doing  practical  designing"  thought  that 
pins  in  a  bridge  should  be  computed  at  all,  or  that  the  eccentricity  of 
connections  was  of  any  importance,  and  similarly  for  many  other  things. 
Mr.  Godfrey  must  certainly  have  perceived  that  where  members  or 
frames  are  rigidly  connected,  it  is  necessary  to  compute  or  find  an 
expression  for  the  angular  rotation  at  the  points  of  connection.  Some- 
times a  truss  is  connected  to  a  beam,  sometimes  pieces  in  flexure  are 
connected  to  other  pieces  in  flexure ;  and  if  the  engineer  is  to  be  some- 
thing more  than  a  "rule-of-thumb"  man,  able  to  solve  new  problems 
intelligently,  he  should  have  at  command  the  scientific  principles  wKich 
will  lead  to  a  solution.    The  principle  given  by  the  writer  will  be  found 

*  Proceedings,  Am.  Soc.  C.  E.,  May,  1919,  p.  311. 
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useful  by  any  structural  engineer  who  has  the  perception  and  ability  to  Mr. 
use  it,  and  those  who  have  not  will  continue  to  Txse  "rule-of-thumb"  Swam, 
methods,  and  will  either  make  their  structures  too  light,  or  waste  their 
clients'  money.  The  principle  explained  has  simplicity  for  its  chief 
merit,  being  as  easily  applied  as  the  usual  deflection  formula,  which  few 
engineers  "doing  practical  designing^'  knew  anything  about  thirty 
years  ago. 

The  writer  quite  agrees  with  Mr.  Godfrey  as  to  the  desirability  of 
simplifying  construction  and  also  mathematical  processes,  and  thinks 
he  has  done  the  latter  in  his  paper,  as  witness  his  demonstration  of  the 
Theorem  of  Three  Moments.  It  seems  therefore  rather  ridiculous  to 
find  Mr.  Godfrey  implying  that  the  writer's  paper  tended  to  complicate 
mathematical  processes.  The  writer  also  entirely  agrees  with  Mr. 
Godfrey  as  to  the  necessity  of  common  sense  in  engineering,  and  the 
importance  of  discriminating  between  important  and  trivial  theoretical 
matters.  He  has  preached  and  practiced  this  doctrine  for  more  than 
thirty  years;  but  common  sense  is  not  guesswork,  and  one  cannot  dis- 
tinguish between  important  and  trivial  theoretical  matters  unless  he 
understands  theory.  Certainly  a  man  who  could  not  follow  through 
this  paper  could  not  so  discriminate,  and  if  engineers  "doing  practical 
designing"  would  give  more  study  to  simple  fundamental  principles,  of 
which  the  paper  illustrates  one,  there  would  be  fewer  of  the  "flimsy 
and  wobbly  buildings"  that  Mr.  Godfrey  refers  to.  There  are  undoubt- 
edly many  crimes  committed  in  the  name  of  theory,  yet  probably  not 
so  many  as  in  the  name  of  common  sense.  The  important  things  are 
balance,  perception,  experience,  judgment,  and  a  knowledge  of  funda- 
mental principles. 

Professor  Church's  discussion,*  like  everything  he  writes,  is  illumi- 
nating, and  the  writer  thanks  him  for  his  contribution.  The  difference 
between  the  writer's  Equation  (4)  and  Miiller-Breslau's  Equation  (54a) 
has  been  already  alluded  to.  Professor  Church's  Equation  (33)  is  not 
quite  a  correct  reproduction  of  the  latter,  for  reasons  already  explained. 

Two  of  the  discussions,  those  of  Professor  Burrf  and  Mr.  Janni,:}: 
criticize  the  principle  itself,  as  to  its  correctness  or  value.  Professor 
Burr  has  evidently  not  grasped  the  principle,  and  his  discussion  shows 
a  number  of  misapprehensions.  The  principle  is  not  restricted,  as  he 
thinks,  to  "that  class  of  structures  in  which  the  axes  of  members  are 
subject  to  angular  displacement  due  to  stresses  of  flexure  or  bending", 
but  it  applies  to  any  structure,  whether  there  is  flexure  or  not,  as 
illustrated  in  Case  IV.  Professor  Burr,  however,  restricts  his  discus- 
sion to  cases  of  flexure.  His  statement  that  the  unit  moment  must  be 
applied  to  each  section  is  not  correct,  as  is  clearly  shown  by  Case  II. 
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Mr.  The  unit  moment  is  only  applied  at  the  point  where  the  rotation  is 
'  desired.  If  the  case  is  that  of  a  beam  fixed  at  one  end  and  free  at  the 
other,  and  the  rotation  of  the  free  end  is  desired,  the  unit  moment 
applied  there  would  cause  a  unit  moment  at  every  section,  but  this  is 
not  true  for  a  beam  supported  at  both  ends  or  for  a  bar  in  a  frame. 
Professor  Burr's  Equation  (2),  which  he  appears  to  think  the  correct 
form  of  the  writer's  Equation  (4),  by  making  M,.  =  1,  is  in  reality  a 
totally  different  thing,  for  it  gives  the  change  of  slope  between  two 
given  points,  while  the  writer's  Equation  (4)  gives,  as  is  clearly  stated, 
the  angular  rotation  at  a  given  point.  In  a  beam  fixed  at  one  end,  his 
Equation  (2)  does,  of  course,  give  the  angular  rotation  at  the  free  end, 
but  this  is  only  because  there  is  no  rotation  at  the  fixed  end.  His 
Equation  (2),  then,  which  he  states  gives  the  angular  displacement  of 
a  point  in  the  axis  of  a  beam,  only  does  so  when  the  integration  is 
extended  from  this  point  to  some  other  point  where  the  slope  is  not 
changed,  and  this  point  must  first  be  found,  unless  its  position  is 
obvious,  which  is  not  generally  the  case. 

The  writer  has  made  no  analytical  error,  as  Professor  Burr  claims. 
In  his  first  illustration  of  what  he  considers  this  error.  Professor  Burr 
has  perhaps  been  misled  by  the  obvious  typographical  error  in  the 
writer's  Equation  (7),  which  should  not  have  confused  any  one.  In  his 
second  illustration  of  this  error,  Professor  Burr  finds  his  Equation  (8), 
which  is  the  same  as  the  writer's  Equation  (4),  for  the  case  of  a  single 
beam  in  bending,  and  in  which  d  a  is,  of  course,  the  angular  rotation 
only  at  the  point  where  the  unit  moment  is  applied,  and  he  then  incor- 
rectly uses  this  value  as  if  it  were  the  angular  rotation  at  any  point. 

The  writer's  Equation  (14),  alluded  to  by  Professor  Burr,  is  of 
course  the  most  general  form  of  the  Theorem  of  Three  Moments  only 
when  the  moment  of  inertia  is  constant.  This  is  obvious,  but  perhaps 
it  should  have  been  stated  in  order  that  no  one  might  have  been  misled. 

To  sum  up,  Professor  Burr  has  evidently  entirely  failed  to  grasp 
the  meaning  or  application  of  the  principle.  The  fact,  however,  tTiat 
he,  who  for  so  long  has  been  an  honored  and  leading  member  of  the 
Profession,  and  at  the  head  of  one  of  our  best  engineering  schools,  was 
not  only  not  familiar  with  the  principle,  but  does  not  grasp  it  and 
denies  its  correctness  when  presented,  should  be  sufficient  to  prove  that 
the  paper  was  needed,  and  quite  a  sufficient  commentary  on  the  remarks 
of  Mr.  Janni,  whcrse  discussion  will  now  be  considered. 

Mr.  Janni  goes  out  of  his  way  to  find  as  much  fault  as  he  can  with 
the  principle  and  its  presentation.  Apparently,  however,  he  has  not  suc- 
ceeded in  finding  any  ground  for  denying  its  correctness.  He  says 
it  is  "obsolete",  not  having  yet  perceived  that  a  scientific  principle,  if 
correct,  can  never  be  obsolete.  He  says  that  "any  good  textbook  will 
give  some  method  of  deriving  this  formula",  but  he  wisely  refrains 
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from  naming  any  book  which  does.  He  thinks  that  "any  student  in  Mr. 
any  engineering  school  should  know"  the  principle,  and  that  it  is 
"inferior  to  modern  methods".  He  then  proceeds  to  attempt  to  show 
how  much  better  he  could  solve  structural  problems,  and  begins  by 
stating  a  mysterious  "mathematical  truth"  which  gives  the  angular 
rotation  of  the  free  end  of  an  elastic  body  fixed  at  the  other  end,  using  • 
what  is  called  "elastic  weight"  and  "elastic  center",  terms  introduced 
by  Professor  Ritter,  of  Zurich,  thirty-two  years  ago,  which,  according  to 
Mr.  Janni's  ideas,  should  be  "obsolete"  by  this  time.  He  refrains  from 
demonstrating  his  mathematical  truth,  but  does  not  state  whether  this 
is  because  "any  student  in  any  engineering  school"  should  know  it, 
or  because  it  is  too  advanced  and  modern.  If  he  had  approached  the 
discussion  in  a  scientific  or  even  courteous  spirit,  instead  of  simply 
trying  to  find  fault,  he  might  have  perceived  and  pointed  out  that  his 
"mathematical  truth"  is  most  easily  demonstrated  by  the  writer's  prin- 
ciple, of  which  that  truth  is  merely  a  corollary  or  application;  but  if 
the  principle  is  obsolete,  perhaps  the  corollary  is  also!  E^ferring  to 
his  Fig.  33,  and  using  the  writer's  principle,  if  a  unit  moment  is  applied 
at  the  free  end  the  moment  at  any  section  is  unity,  and  if  y  is  the 
distance  from  the  force  P  (applied  at  the  free  end)  to  any  point  of 
the  axis  of  the  piece,  the  moment  at  that  section  due  to  P  is  Py.  Hence, 
by  Equation  (4)  of  the  writer's  paper 


y  d  I 

EI' 


or  P  times  the  distance  from  P  to  the  center  of  gravity   of  all  the 

'a  times  the  sum  of  all  the  — — :'s,  or  as  he  expresses  it,  F  G  d. 

IE  EL 

This  mysterious  truth  is,  therefore,  merely  a  corollary  of  the  writer's 

principle  of  this  particular  case. 

Now,  it  is  always  better  to  keep  general  principles  in  mind  than 
corollaries,  for  the  latter  may  be  deduced  at  once  if  desired.  In  this 
way  the  memory  will  be  relieved  as  much  as  possible,  and  any  par- 
ticular problem  may  be  attacked  in  the  manner  best  suited  to  the 
case. 

It  is  easy  now  to  take  up  the  cases  shown  by  Mr.  Janni,  and  to 
show  that  they  are  either  incorrectly  solved  by  him  or  may  be  easily 
solved  by  the  writer's  principle,  or  other  and  well-known  fundamental 
principles,  without  using  elastic  weight  or  any  other  conception,  which 
may  only  complicate  while  giving  the  appearance  of  erudition.  This 
is  not  said  in  derogation  of  the  use  of  the  "elastic  weight",  for  no  prin- 
ciple of  science,  and  no  corollary  of  one,  ever  becomes  obsolete,  but  may 
at  times  be  of  use.    The  point  is  to  emphasize  the  fundamentals. 
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Mr.  Considering  Mr.  Janni's  Case  1:     This  most  elementary  case  of  a 

'  beam  of  constant  section  fixed  at  one  end  is  most  easily  solved  by  the 

area  moment  method,  and  the  slope  at  the  free  end  may  be  at  once 

P  I     I 

written    down    from    the    moment    area,   or .       The    writer's 

'  1     E  I 

•  principle  is  precisely  the  same,  since  M^  =  1.  Elastic  weight,  there- 
fore, is  unnecessary  and  also  confusing  here.  If  the  section  is  not  con- 
stant, the  writer's  Equation  (7)  may  be  at  once  written,  without  the 

last  term,  and  a  =  P  (sum  of  each    _— f  multiplied  by  its  a;);    while 

E  I 

Mr.  Janni  would  have  us  first  find  the  d  of  the  center  of  gravity  of  the 

d  X 
--—r's  by    finding   the    quantity   in    parentheses    above,    and    dividing 

(I  X 

it  by  the   sum   of   all  the  ---— 's,  and    then    multiplying  by  this  same 

E  I 

sum.  The  elastic  weight  is  here  neither  necessary  nor  desirable,  but 
merely  a  complication,  as  "any  student  in  any  engineering  school"  can 
easily  see.  Treating  Mr.  Janni's  second  case  by  the  writer's  method, 
a  left-handed  unit  moment  applied  at  D  would  cause  a  unit  moment 
at  every  section  of  the  three  parts,  and  no  direct  stress.  The  load  P 
produces  direct  stresses  as  well  as  moments,  but  as  the  writer  explained 
in  his  paper,  the  former  are  not  to  be  considered.  Resolving  P  at  D 
into  horizontal  and  vertical  components  H  and  V,  the  moments  pro- 
duced by  P  are: 

In  DB,  a  moment  varying  from  zero  at  D  to  Hh  at  B; 

In  BA,  a  moment  varying  from  Hh  at  B  to  (Hh  —  VI)  at  A; 

In  AC,  a  moment  varying  from  (Hh —  VI)  at  B  (causing  com- 
pression on  the  left-hand  fibers),  to  VI  at  C  (causing  com- 
pression on  the  right-hand  fibers). 

The  value  of  the  angular  rotation  at  D  may  at  once  be  written, 

observing  signs,  as 

H  h?  V  P  IT  h^ 

EIa  =  ^  +  Hhl-—^  +  Hh'-Vhl-^ 


^Hh(l+h)  —  ^(l+2h). 

If  the  load  P  is  under  control  it  may  sometimes  be  of  use  to  rec- 
ognize that,  if  it  passes  through  the  point  G.  a  will  be  zero,  but  this  is 
shown  jvist  as  simply  by  the  ratio  o{  V  to  H  given  by  the  above  equa- 
tion, as  by  finding  G. 

Mr.  Janni's  Case  3  is  the  same  as  that  illustrated  by  Fig.  33  and 
the  writer  has  already  shown  that  his  principle  gives  the  solution  more 
simply  and  easily  than  Mr.  Janni's  method.    Referring  to  his  Case  4, 
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if  we  observe  what  Mr.  Janni's  method  really  is,  we  shall  see  that  it  is  Mr. 
inaccurate,  and  that  so  far  as  it  is  correct  it  is  merely  a  "camouflaged" 
application  of  very  old  principles.  To  find  the  angular  rotation  of  the 
bar  B  at  the  point  13  under  a  force  F  at  13,  it  is  clear  that  the  lower 
chord  bars  will  be  in  compression  and  the  upper  chord  bars  in  tension. 
Any  shortening  of  the  distance  1-3  will  cause  a  rotation  about  the  point 

2,  and  if  S  is  the  stress  in  1-3,  the  shortening  will  be  -— —  and  the 
'  '  '  EA 

ani^ular  rotation  about  2  will  be  — .     For  a  load  F  at  13,  the  value 

E  Ar 

of  S  will  be if  a.,  is  the  distance  from  2  to  F,  hence  the  angular 

r 

F  1  fi 

rotation    will    be  — -,.  and   this   rotation   will  affect   all   the    struc- 

E  Ar'' 

ture  beyond  2.     The  same  is  true  for  each  chord  bar,  all  rotations  being 

in  this  case  in  the  same  direction;  hence  the  total  angular  rotation  of 

I  a 

B  will  be  F  2 .,  in  which  a  is  the  distance  of  any  point  from  F, 

E  A  r''  ^  ^ 

and  I  the  length  of  the  chord  bar  opposite  the  joint,  E  and  A   its 

modulus  of  elasticity  and  area,  and  r  its  distance  from  the  joint.     If 

I 
a  force  -— -— — s-  is  considered  to  act  at  the  joint  opposite  L  this  ansfular 
E  Ar'  J  1  ^  '  => 

rotation  is  merely  F  (sum  of  moments  of  these  forces  about  any  point 
in  the  line  of  F).  This  sum  may  be  found  by  the  elementary  principle 
of  graphical  statics,  by  drawing  the  string  polygon  for  these  loads,  draw- 
ing through  the  point  about  which  the  moment  is  desired  a  vertical 
line  (that  is,  prolonging  F),  and  finding  the  intercept,  y,  between  the 
end  strings.     The  moment  will  be  the  pole  distance  times  y,  and  by 

taking  the  pole  distance  as       >■    ;r  —  G,  then  G  v  is  the  moment, 

^  .^    EAr^  '  ^ 

and  this  times  F  is  the  rotation. 

This   is  not  modern,  but  is  merely   using  Culmann's  principle  of 

finding  moments  graphically.     One  wonders  that  Mr.   Janni  did  not 

consider  this  principle  obsolete.     Mr.  Janni's  application,  however,  is 

erroneous,  because  he  neglects  all  the  web  members.    In  solid  beams,  the 

deformation  due  to  shear  is  often  or  generally  neglected  because  (1)  it 

cannot  be  accurately  determined,  and  (2)  it  is  often  or  generally  small. 

In  trusses,  the  deformation  due  to  shear  may  be  determined  as  accurately 

as  for  the  chords,  and  it  may  be  considerable.     Professor  Hitter  cites  a 

case  in  which  the  deflection  due  to  web  members  was  41%  of  the  total. 

There   is   no    excuse   here   for   neglecting   the   web.      By   the   writer's 

principle,  the  stress  in  every  member  would  be  found;  the  unit  moment 

being  applied  at  13,  the  stress  in  every  chord  piece  due  to  it  would 
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Mr.    be  —  and  the  stress  due  to  F  would  be  F  a  -^  r.     The  web  would  be 

Swain.  '" 

similarly  included.  The  summations  may  be  made  more  quickly,  easily, 
and  much  more  accurately  than  by  Mr.  Janni's  method,  which  does 
not  and  cannot  well  include  the  web,  and  which  is  therefore  distinctly 
inferior.  This  example  well  illustrates  the  danger  of  using  methods 
that  one  does  not  thoroughly  understand,  and  the  importance  of  grasp- 
ing and  adhering  to  fundamental  principles. 

The  writer  cordially  thanks  Messrs.  Hudson,  Mensch,  Eddy,  Cain, 
and  Maney  for  their  interesting  eontributionSy  which  call  for  no  specific 
comment. 

To  sum  up,  it  is  no  doubt  true,  as  pointed  out  by  Messrs.  Church, 
Eddy,  Cain,  and  Mensch,  that  the  writer's  principle  is  implicitly  con- 
tained in  Castigliano's  work  equation.  So  was  the  latter  implicitly 
contained  in  the  law  of  the  conservation  of  energy,  and  the  principles 
of  dynamics  in  Newton's  laws  of  motion.  The  writer,  however,  has 
not  found  in  Castigliano  any  statement  of  this  principle  of  rotation. 
He  admits  that  the  principle  as  applied  to  beams  was  known  in  Europe, 
but  he  has  not  found  it  explained  in  any  American  book,  neither  in 
Church,  Molitor,  Turneaure,  Hudson,  nor  any  other.  Further,  he  still 
fails  to  see  that  any  author,  anywhere,  has  clearly  shown  its  general 
applicability,  to  trusses  as  well  as  to  beams,  or  even  stated  it,  as  a 
principle  analogous  to  the  deflection  principle  of  Maxwell.  Hence, 
he  still  thinks  it  may  be  called  new. 
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Ernest  Wilder  Clarke,:}:  M.  Am.  Soc.  C.  E.  (by  letter). § — As  stated  Mr. 
at  the  time  of  presenting  the  paper  the  writer  was  principally  anxious 
to  induce  discussion  on  a  subject  which  seemed  to  him  to  be  worth  it, 
especially  at  this  time,  and  he  hoped  that  such  discussion  might  bring 
out  statements  that  would  indicate  the  wisdom  or  otherwise  of  a  more 
general  use  of  the  "cost  plus"  contract.  Unfortunately,  with  one 
exception,  there  has  been  little  but  expressions  of  personal  opinion 
which,  while  interesting  and  instructive,  are  not  proof  either  for  or 
against  this  form  of  contract,  and  he  does  not  consider  it  worth  while 
to  continue  to  great  length  further  discussion  based  on  such  grounds. 

Conditions  during  the  war  were  so  abnormal  that  excessive  costs 
of  work  should  not  be  charged  to  any  form  of  contract — organizations 
for  supervision  were  improvised  over  night  and  naturally  did  not 
function  smoothly  at  once.  The  contractors'  organizations  were  also 
greatly  expanded  to  care  for  the  vast  increase  in  their  work,  and 
inevitably  the  two  organizations  failed,  in  many  cases,  to  evolve  the 
cheapest  methods  of  doing  the  work.  As  the  war  went  on,  this  handi- 
cap was  largely  overcome,  and  there  were  many  cases  where  the  super- 
vising engineers  and  their  forces  and  the  contractors  and  their  forces 
worked  together  most  successfully  to  devise  means  to  reduce  the  cost 
of  the  work.    The  high  cost  of  labor  and  material  largely  masked  such 

•  Discussion   of   the   paper   by   Ernest   Wilder  Clarke,   M.  Am.    Soc.   C.    E.,   con- 
tinued from  February,  1920,  Proceedings. 
t  Author's  closure. 
t  Baltimore,  Md. 
§  Received  by  the  Secretary,  March  26th,  1920. 
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Mr.  efforts,  however,  and  very  little  credit  will  ever  be  given  for  real 
economies  effected  in  spite  of  adverse  conditions.  In  other  words,  Avar- 
time  costs  were  so  far  above  those  of  peace  times  that  the  fact  that 
they  might  have  been  still  higher  except  for  the  efforts  made  by  the 
two  parties  is  not  appreciated.  The  contractors  are  blamed  for  things 
of  which  they  really  were  the  victims  and  over  which  they  had  no 
control.  Mr.  Frankland  states*  that  "this  form  of  contract  would 
'smell  to  high  heaven' "  on  some  "cost  plus"  contracts.  If  this  state- 
ment is  true,  it  implies  connivance  on  the  part  of  the  supervising 
forces  or  at  least  such  disregard  of  their  obvious  duty  that  it  amounts 
to  connivance,  and  any  one  having  proof  of  such  conditions  should 
bring  the  facts  to  the  attention  of  officers  who  could  punish  the  guilty 
persons. 

This  is  not  the  place  to  enter  into  a  discussion  of  the  causes  of  the 
high  costs  of  war  construction,  but  as  the  writer  had  intimate  knowl- 
edge of  conditions  on  a  dozen  or  more  large  and  small  "cost  plus" 
jobs,  with  large  and  small  contractors  at  work  during  1917  and  1918, 
lie  feels  himself  competent  to  assert  that  after  the  organizations  reached 
a  good  working  condition  both  parties  to  the  contracts  did  everything 
possible  to  make  the  work  as  inexpensive  as  conditions  of  the  market 
permitted,  and  that  intentional  loading  of  the  pay-roll,  loafing  on  the 
job,  or  unnecessary  purchases,  were  neither  permitted  nor  attempted, 
the  contractors'  foremen  being  generally  as  zealous  in  crowding  their 
men  as  on  lump-sum  and  with-price  jobs. 

The  writer  does  not  agree  that  the  use  of  "cost  plus"  contracts  is 
an  admission  of  inability  to  write  clear  and  specific  specifications.  He 
had  the  honor  to  assist  in  writing  some  of  the  specifications  of  the 
New  York  Board  of  Water  Supply,  and  is  familiar  with  the  extreme 
care  used  in  order  to  make  those  specifications  clear  and  fair  to  both 
the  city  and  the  contractor;  almost  every  word  was  scrutinized  for  an 
ambiguous  meaning,  and  where  any  doubt  existed  as  to  the  exact 
meaning  explanatory  phrases  were  introduced  or  other  more  definite 
word  or  words  substituted.  Later,  he  was  in  charge  of  construction 
under  these  specifications  and  learned  how  many  different  interpre- 
tations contractors'  superintendents  and  engineers  could  propose  for 
words  which  he  supposed  had  only  one  meaning.  Most  of  these  dis- 
putes were  settled  amicably,  but  they  were  all  potential  suits,  and  the 
mere  fact  that  they  were  possible  is  indicative  of  the  extreme  difficulty 
of  writing  specifications  that  will  prevent  misunderstandings.  This 
is  not  intended  as  an  argument  for  the  elimination  of  specifications, 
but  merely  as  indicating  that  disputes  are  not  always  due  to  care- 
lessly drawn  specifications. 

*  Proceedings,  Am.   Soc.  C.   E.,   October-November-December,   1919,   p.   833. 
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The  writer  still  believes  that  an  engineer  is,  and  properly  is,  Mr. 
"biased"  in  favor  of  his  employer,  the  owner;  the  engineer  is  hired  for^  ^^''^^" 
the  specific  purpose  of  protecting  the  owner  against  the  contractor's 
errors,  whether  or  not  such  errors  are  intentional,  and  it  is  his  duty 
to  require  the  contractor  to  prove  the  justice  of  any  claim  involving 
the  reading  of  the  contract  or  specifications;  the  fact  that  in  many 
cases  the  contractor  is  able  to  satisfy  the  engineer  that  his  claims 
are  just  and  that  in  such  cases  the  engineer  has  fought  to  secure  the 
acknowledgment  by  the  owner  of  the  claims  merely  accentuates  the 
fact  of  the  prior  bias  of  the  engineer. 

The  one  discussion  which  gave  the  result  of  experience  with 
lump-sum  and  "cost  plus"  contracts  is  the  best  evidence  that  the  latter 
form,  when  handled  by  intelligent  and  honest  contractors,  is  favorable 
for  both  sides  to  the  contract.  Presumably,  the  owners  of  the  jobs 
covered  by  Mjr.  Perry's  discussion*  had  engineers  or  architects  repre- 
senting them  and,  doubtless,  some  of  these  men  made  suggestions  or 
even  ordered  methods  that  resulted  in  decreased  costs. 

Engineers  are  apt  to  assume  a  rather  sanctimonious  attitude  toward 
contractors,  to  hold  that  engineers  are  honest,  but  that  contractors 
require  strict  watching  to  prevent  very  serious  wrong-doing.  As  a 
matter  of  fact,  intelligent  self-interest  forces  a  reputable  contractor 
to  do  work  which  will  bear  inspection  and  which  will  serve  as  an 
advertisement  of  good  work  and  not  bad.  As  men,  they  are,  nowa- 
days, of  the  same  class  and  education  as  engineers,  and  have  as  high 
a  sense  of  honor.  The  writer  has  had  the  pleasure  of  knowing  many 
contractors  whose  simple  word  is  a  guarantee  of  faithful  work  and, 
with  such  men,  the  engineer's  part  on  the  job  is  largely  that  of  staking 
out  the  work,  interpreting  the  plans  and  specifications  when  any  am- 
biguity is  discovered,  and,  in  general,  making  inspections  to  see  that 
mistakes  are  not  made. 

All  engineers  are  expected,  and  practically  all  do,  work  against 
their  own  financial  interests.  Almost  invariably  they  are  supposed 
to  push  the  job  in  every  way  they  can,  to  work  overtime  without  any 
extra  pay  in  order  to  avoid  delay  in  the  work;  to  order  their  work  so  that 
the  construction  is  not  held  up — in  short  to  do  everything  possible  to 
get  themselves  out  of  a  job  and  have  a  chance  to  hunt  for  another  on 
their  own  time. 

The  writer  has  yet  to  find  a  gang  which,  as  a  whole,  failed  to  live 
up  to  the  expectation  that  it  would  in  this  way  work  against  its 
immediate  and  most  apparent  interest,  and  he  believes  that  another 
gang  which  is  different  only  that  it  is  employed  by  a  contractor  would 
perform  in  the  same  way,  if  its  chief  made  it  plain  that  he  expected 
such  an  attitude,  and  many  contractors  have  and  would  make  it  very 

*  Proceedings,  Am.   Soc.   C.   E.,   October-November-December,   1919,   p.   844. 
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Mr.     plain   that   that   was   their   expectation.     A   reputation   for   such   an 

Clarke.  jj|;^i^^(jg   would  be  the  best  guarantee   the  contractor   and  his   forces 

could  have  that,  good  times  or  bad,  owners  would  offer  them  work 

and  that,  unlike  the  engineer,  neither  the  contractor  nor  his  men  would 

have  to  hunt  for  work  on  their  own  time. 

As  for  the  engineer,  the  "cost  plus"  offers  him  a  chance  to  show 
both  executive  and  constructive  ability — to  make  it  evident  to  the 
owner  that  he  has  saved  money  for  him  by  methods  whereby  costs 
have  been  reduced,  by  taking  advantage  of  favorable  developments  of 
the  site,  or  by  overcoming  unfavorable  developments  at  minimum  ex- 
pense. 

As  chief  inspectors,  engineers  now  get  credit  at  the  most  for  nega- 
tive results — they  prevent  bad  work.  It  is  utterly  impossible  to  evalu- 
ate such  service  in  dollars,  and  little  effort  is  made  to  do  so ;  their  serv- 
ices as  designers  are  largely  forgotten  after  the  plans  are  accepted  and 
work  begun  and  the  owner  regards  them  as  he  regards  insvirance,  as  an 
overhead  expense  to  be  cut  to  the  minimum  possible.  The  contractor 
often  thinks  that  engineers  are  more  or  less  impractical  theorists 
with  whom  he  has  to  put  up,  but  who  can  cause  him  much  loss  by  in- 
sisting on  contract  or  specification  interpretations  which,  to  his  mind, 
are  unreasonable. 

As  a  matter  of  fact,  on  jobs  of  any  size,  the  engineer  is  generally  the 
man  best  informed  as  to  local  conditions,  methods  of  work  likely  to 
produce  good  results  at  minimum  expense,  and  plant  required.  He  has 
spent  weeks,  months,  possibly  years,  studying  the  plans  and  the  site 
and  has  a  fund  of  knowledge  that  is  only  partly  reflected  in  the  plans 
and  specifications.  After  a  lump-sum  or  item  contract  is  let,  the  con- 
tractor, if  he  is  wise,  consults  with  the  engineer  and  revises  his  own 
plans  and  methods  as  far  as  he  is  convinced  of  the  soundness  of  the 
engineer's  ideas.  Any  saving  made  from  such  revision  generally  goes 
into  the  contractor's  pocket.  The  owner  may  gain  indirectly  by  in- 
creased speed,  but  the  knowledge  of  his  employee  principally  benefits 
the  contractor.  On  a  "cost  plus"  contract,  where  the  owner  and  the 
contractor  are  working  in  harmony,  the  engineer  becomes  a  vital  part 
of  the  machinery.  His  knowledge  and  his  experience  are  direct  assets 
to  the  owner,  the  contractor,  and  himself;  he  ceases  to  be  a  spectator 
of  the  construction  of  the  work  he  designs,  and  is  an  active  partici- 
pant in  methods,  plant  layout,  and  responsibility.  The  writer  believes 
that  in  endeavoring  to  relieve  owners  of  responsibility  for  the  con- 
tractor's acts,  engineers  have  also  relieved  themselves  so  entirely  that 
they  have  become  mere  layers  out  of  work  to  a  large  degree,  and,  as  such, 
receive  the  wages  of  subordinates  instead  of  the  rewards  of  creators. 

It  goes  without  saying  that  no  one  form  of  contract  would  apply 
to  all  work,  and  this  appeared  so  self-evident  that  the  point  was  not 
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mentioned  in  the  paper.     The  generic  term  "cost  plus"  was  also  used  ^  Mr. 
because  it  was  recognized  that  many  possible  forms  of  this  type  existed 
and  many  more  could  be  written,  although  the  paper  was  not  an  advo- 
cate of  any  particular  form.     A  form  such  as  Mr.  Waddell*  suggests 
might  be  applicable  to  some  contracts,  other  forms  to  other  contracts. 

Many  schemes  for  "letting"  whereby  competition  would  be  secured 
and  the  elimination  of  new  firms  avoided  could  be  evolved.  The  engi- 
neer's estimate  of  probable  cost  would  be  expected  to  show  the  owner 
in  advance  the  approximate  amount  of  money  involved  and  with  the 
engineer  as  the  owner's  representative  in  full  control  of  expenditures, 
it  would  be  his  duty  to  keep  the  expenditures  within  that  limit  or  explain 
the  reason  for  failure  to  do  so.  It  would  also  be  to  the  engineer's  credit 
if  savings  were  made,  and  a  reputation  for  ability  to  keep  ultimate  costs 
below  the  estimate  would  enable  him  to  demand  adequate  payment  for 
such  service. 

The  statement  has  been  made  repeatedly  that  under  a  "cost  plus" 
contract  the  contractor  has  no  incentive  to  save  money  for  the  owner. 
This  statement  does  not  do  credit  to  the  contractor's  business  sense. 

Firms  looking  for  work  under  such  contracts  must  be  able  to  refer 
a  prospective  client  to  the  owners  of  jobs  they  have  done  and  be  able  to 
show  by  the  cost  records  of  such  jobs  that  economy  was  effected,  other- 
wise their  first  job  would  be  their  last.  As  a  matter  of  fact,  a  record 
of  low  costs  becomes  the  most  valuable  asset  of  such  a  contractor  and 
of  far  more  importance  than  the  money  that  might  be  made  on  one  or 
two  jobs  by  running  the  cost  into  high  figures.  The  owner  is  supposed 
to  exercise  care  in  the  selection  of  a  contractor-  and  to  have  the  work 
properly  supervised.  If  he  does  neither  of  these  things,  he  may  pay  a 
very  high  price  for  his  structure,  but  such  an  owner  would  be  just  as 
likely  to  be  cheated  on  a  lump-sum  or  item  contract. 

The  use  of  the  "cost  plus"  form  on  public  work  is  evidently  a  much 
more  dangerous  thing  than  on  private  work,  but  only  on  account  of  the 
political  complication.  If  experience  proves  that  the  form  is  economi- 
cal for  private  owners,  some  scheme  could  be  devised  by  which  the 
public  also  coiild  be  benefited. 

Some  contractors  may  "enjoy  the  gamble",  but  probably  they  enjoy 
it  the  most  when  they  are  sure  they  will  not  lose;  where  they  have 
added  enough  to  their  item  charges  or  their  lump-sum  to  provide  for 
anything  short  of  a  general  cataclysm  and  have  been  awarded  the  job 
not  on  account  of  their  optimism  but  because  of  the  greater  pessimism 
of  the  other  bidders. 

In  the  long  run,  nobody  is  benefited  by  a  business  failure.  Some 
owner  may  get  a  job  done  below  cost,  but  workmen  and  supply  men 
suffer,  and  wherever  possible  the  loss  is  passed  on  to  some  other  job. 
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Mr.     Any  scheme  that  tends  to  prevent  failures  is  a  step  in  the  right  direc- 
^^  ^'  tion,  provided  new  dangers  are  not  thereby  introduced,  and  "cost  plus" 
contracts  can  be  written  and  applied  so  that  these  new  dangers  are 
avoided  to  a  great  extent. 

If  the  paper  and  discussion  has  the  effect  of  bringing  the  matter 
more  generally  to  the  attention  of  engineers,  the  writer's  object  is 
attained.  He  believes  that  the  "cost  plus"  contract  in  one  form  or 
another  is  suitable  for  use  on  many  jobs  and  that  its  use  would  result 
in  good  for  owner,  contractor,  and  engineer. 
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Benjamin  A.  Howes. 


Milton  H.  FREEMAN,t  M.  Am.  Soc.  C.  E. — The  authors  of  the  paper 
deserve  credit  for  presenting  data  of  great  value.  Such  data  are  most 
difficult  to  obtain  as  they  involve  many  trials  and  experiments  on  work 
of  considerable  magnitude.  The  following  detail  considerations  are 
submitted  as  being  of  possible  interest. 

Placing  and  Protecting  Grout  Pipes. — Reference  has  been  made  to 
the  necessity  of  a  good  concrete  lining  in  order  to  make  grouting  a 
success  in  securing  a  water-tight  tunnel,  and  it  may  be  of  interest  to 
consider  some  particular  features  relative  to  the  placing  and  protection 
of  grout  pipes  as  an  aid  in  securing  good  concrete.  The  placing  of 
pans  and  pipes  subsequently  to  be  grouted  requires  the  utmost  care  and 
forethought ;  they  should  be  placed  with  some  method  in  mind  for  finally 
filling  them  with  gTOut,  not  simply  with  the  idea  of  taking  care  of 
incoming  water.  A  careful  record  should  be  made  showing  what  par- 
ticular function  each  pipe  serves  at  the  rock  end  so  that,  later,  grouting 
can  be  done  intelligently.  Pipes  are  sometimes  disturbed  by  the  placing 
of  a  heavy  mass  of  concrete,  and  a  most  careful  inspection  of  these 
pipes  is  necessary  during  concreting.  All  drain  pipes,  of  necessity, 
have  to  be  brought  through  the  forms,  and  it  is  far  better  if  the  vent 
pipes  are  placed  in  this  way  so  that  they  may  be  cleared  of  any  concrete 
that  may  become  lodged  in  them  while  the  concrete  is  still  soft.  Pipes 
draining  large  leaks  usually  free  themselves  of  any  mortar  that  may 
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Mr.       work  in  from  the  concrete,  but  pipes  set  to  drain  small  drips  are  easily 

Freeman,     t  i  -,    ■.    •  ,  .  r>     i  -i 

clog:gea,  and  it  is  not  an  uncommon  experience  to  nnd  one  that  was 

placed  to  pick  up  a  small  drip  perfectly  dry,  while  the  leak  finds  its  way 

through  the  body  of  the  concrete  at  some  nearby  point.     A  material  aid 

in  such  cases  is  the  washing  out  of  the  bottom  of  the  drain  pipe  by 

inserting  a  small  (J-in.)  pipe  connected  to  the  water  line,  or  air  line 

if  water  is  not  available,  after  the  manner  of  blowing  out  drill  holes 

before  loading  in  a  rock  heading.     This  must  be  done  with  extreme  care 

after  the  concrete  is  from  1  to  2  ft.  above  the  rock  end  of  the  pipe.     This 

procedure  has  often  saved  pipes  that  started  to  clog  at  the  rock  end. 

Shaft  Ring  Pans. — The  ring  pans  in  shafts,  as  described  by  the 
authors,  have  a  double  service :  First,  they  furnish  channels  for  grouting 
any  shrinkage  cracks  between  the  concrete  and  the  rock  and  possibly 
cracks  in  the  rock  itself;  second,  and  probably  their  most  positive  func- 
tion is  to  collect  seepages  that  are  not  easily  discernible,  and  consequently 
are  not  taken  care  of  with  individual  pans  on  the  wet  sides  of  a  dripping 
shaft,  and  which  follow  up  behind  the  concrete  until  collected  in  the 
ring  pan.  Where  these  pans  have  been  used,  it  is  a  most  common 
occurrence  to  find  the  down  drain  pipes  dripping  after  all  the  concrete 
has  been  placed.  Since  leaving  the  work  on  the  Aqueduct  the  speaker 
has  found  in  certain  instances,  where  shaft  lining  has  been  placed 
without  the  use  of  these  pans,  that  there  is  a  greater  tendency  to  leakage 
at  horizontal  joints.     The  pans  are  preventatives  against  such  leaks. 

It  has  been  thought  by  some  that  it  might  be  worth  while  first  to 
grout  these  rings  with  thin  grout  under  high  pressure,  to  penetrate  the 
rock  seams,  and  afterward  blow  them  out  and  close  them  with  thick 
grout. 

Displacing  Water  with  Grout. — -Recently  the  speaker  has  had  occa- 
sion to  do  some  grouting  where  water  had  to  be  displaced  by  grout, 
and  found  that  when  the  volume  of  cement  to  be  injected  is  compara- 
tively small  and  the  necessary  grouting  pressures  not  excessive  (60  to 
80  lb.)  the  hand  pump  has  proved  to  be  of  excellent  service,  as  it  is 
under  instant  control,  wholly  eliminates  the  ill  effects  of  the  after-blast 
of  air,  and  displaces  the  water  by  grout  without  disturbing  and  mixing 
the  two.  From  100  to  150  bags  of  cement  can  be  injected  with  the  hand 
pump  per  8-hour  shift,  under  favorable  conditions.  Grouting  to  dis- 
place water  with  an  air-discharging  grout  tank  is  most  difficult  to 
accomplish  without  the  formation  of  considerable  laitance.  Shutting 
off  the  tank  pressure  when  the  hose  kicks  or  when  the  tank  gauge 
pressure  drops  is  of  value,  but  when  this  phenomenon  takes  place,  a 
charge  of  air  has  already  gone  through  the  hose,  to  stir  up  the  grout 
with  the  overlying  water.  Keeping  the  grouting  pressure  as  low  as 
possible  is  a  worth-while  precaution,  even  at  the  expense  of  clogging  the 
hose  once  in  a  while. 
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Volume  of  Set  Grout  in  Place. — The  question  of  the  ratio  between  _  Mr 
the  volume  of  mixed  grout  and  the  volume  of  set  grout  in  place  is  often 
required,  sometimes  as  a  payment  quantity.  The  contracts  of  the 
Board  of  Water  Supply  very  wisely  avoided  this,  as  it  has  been  found 
that  there  is  no  fixed,  definite  ratio.  Not  only  does  the  volume  vary 
with  the  quantity  of  water  and  the  quantity  and  kind  of  sand  used,  but 
the  degree  to  which  the  grout  mass  is  shaken  in  the  process  of  placing. 
Experiments  on  small  quantities  indicate  that,  due  to  the  latter  cause 
alone,  a  variation  of  20%  may  be  found.  If  necessary  to  determine  this 
ratio,  experiments  involving  the  particular  kind  and  quantity  of  sand 
used  and  the  quantity  of  water  utilized  for  mixing  will  probably  give 
the  most  reliable  data. 

Grouting  Overhead  Closures. — One  feature  of  grouting  which  may 
be  of  interest  is  the  method  of  making  overhead  closures  where  the  sur- 
plus water  from  the  grout  is  trapped,  that  is,  cannot  be  disposed  of 
by  increasing  the  grouting  pressure.  Concrete  structures  are  often  built 
up  under  other  structures,  where  it  is  essential  to  secure  a  good  bearing, 
possibly  a  joint  that  will  be  water-tight.  A  concrete  arch  placed  inside 
a  steel  or  iron  lining  is  another  illustration. 

Certain  features  in  regard  to  this  kind  of  grouting  have  been  worked 
out  as  follows: 

1. — The  thicker  the  grout  the  less  surplus  water  will  be  thrown  off. 

2. — Practically  all  this  surplus  water  is  thrown  off  and  pools  form 
on  the  top  of  the  grout  within  one  hour  after  placing. 

3. — If  sand  is  used,  the  presence  of  a  small  quantity  of  loam  (as 
little  as  5%)  increases  noticeably  the  amount  of  laitance  at 
the  top. 

4. — A  second,  third  or  possibly  a  fourth  grouting  may  be  necessary 
finally  to  fill  the  space  occupied  by  the  surplus  water  from  the 
grout  ejected  previously. 

5. — Vent  pipes  should  be  set  to  take  advantage  of  any  small  sum- 
mits; if  the  overhead  structure  is  of  concrete,  summits  may  be 
chipped  out.  Arch  or  roof  concrete  forms  often  sag  when  con- 
crete is  placed  on  them,  but  the  vent  pipes  should  not  be  allowed 
to  sag  with  the  forms. 

If  all  pipes  are  cleaned  out  as  soon  as  the  grout  has  partly  set,  the 
same  pipes  can  be  used  for  subsequent  groutings.  This  necessitates 
individual  vent  pipes  to  each  summit.  A  second  grouting  usually  leaves 
only  a  very  small  space  unfilled,  but  sometimes  grout  can  be  injected 
at  a  third  or  fourth  trial.  Neat  cement  grout  is  commonly  used  after 
the  first  grouting.  Higher  pressures  can  be  used  with  advantage  as  the 
space  fills  up,  if  the  structures  themselves  are  strong  enough  to  with- 
stand such  pressures.     The  foregoing,  of  course,  applies  only  to  places 
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Mr.      where  it  is  essential  to  obtain  a  complete  contact  between  the  two 

Freeman.     ^ 

structures. 

Grouting  Undisturhed  Sand. — Several  attempts  to  grout  undisturbed 
sand  have  come  under  the  speaker's  notice,  but  all  such  attempts  were 
ineffectual,  even  though  thin  grout  and  high  pressures  were  used.  A 
little  cement  can  sometimes  be  injected  into  gravel  that  contains  no 
fine  sand  as  a  filling  material. 

Mr.  C.  L.  EiKER,  Jr.,*  Assoc.  M.  Am.  Soc.  C.  E. — High-pressure  grout- 
ing operations  were  resorted  to  on  the  lining  of  about  1  200  ft.  of  the 
Catskill  Aqueduct  in  the  section  south  of  Twenty-fifth  Street,  New  York 
City,  following  the  development  of  outward  leaks  through  numerous 
small  cracks  which  opened  in  the  concrete  lining  during  the  initial 
hydraulic  test  of  this  section.  These  cracks  were  due  to  the  compres- 
sion or  shifting  of  the  soft  seamy  rock  through  which  this  section  of 
the  tunnel  passed. 

This  section  had  previously  been  grouted  by  the  use  of  both  low 
and  high  pressures,  but  numerous  hair  cracks  in  the  lining  indicated 
that  the  original  high-pressure  grouting  had  not  penetrated  the  minute 
seams  of  the  rocks  a  sufficient  distance  or  thoroughly  sealed  and  formed 
an  unyielding  backing  to  the  lining.  Ground-water  flowed  freely  from 
many  of  these  cracks.  It  was  necessary,  of  course,  to  stop  this  flow 
entirely  prior  to  commencing  grouting  operations.  These  leaks  were 
effectively  stopped  by  chipping  out  a  groove  along  the  line  of  the  crack 
and  caulking  the  groove  with  lead  wire. 

Threaded  pipes,  li  in.  in  diameter,  were  rolled  tightly  with  cotton 
drill  and  driven  into  2|-in.  holes  bored  in  the  concrete  lining.  This 
formed  an  entirely  satisfactory  and  tight  joint  between  the  pipe  and 
the  tunnel  lining. 

In  regrouting  this  section,  9  500  ft.  of  2|-in.  hole,  or  a  little  less 
than  8  ft.  of  hole  per  foot  of  tunnel,  was  driven,  and  2  400  connections 
were  made  to  these  holes,  or  2  connections  per  foot  of  tunnel  treated. 
More  than  one  connection  was  made  to  many  of  the  pipes,  and  some 
were  only  used  for  venting  purposes.  About  44  000  cu.  ft.  of  very  thin 
liquid  grout  was  forced  through  these  connections,  using  from  250  to 
350  lb.  per  sq.  in.  air  pressure  at  the  displacement  tank. 

Generally  speaking,  apparently  the  grout  was  effectively  prevented 
from  re-entering  the  tunnel.  However,  a  peculiar  substance  incident  to 
the  grouting  accumulated  within  the  tunnel.  A  heavy  grayish  custard- 
like mass  was  formed,  which,  when  quiescent,  became  almost  as  hard 
as  cheese;  when  agitated  it  became  soft  and  liquid,  and  was  carried 
in  solution  by  a  sluggish  flow  of  water  in  the  invert.  A  settling  basin 
was  formed  on  a  slope  down  stream  from  the  grouting  operations,  and 
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about  800  cu.  yd.  of  this  soft  waste  matter  accumulated  as  a  result    Mr. 
of  45  000  cu.  ft.  of  liquid  grouting.  '  ^^' 

A  considerable  amount  of  solidified  droppings  accumulated  adjacent 
to  the  grout  tanks,  caused  by  spillage,  venting,  and  blowing  out  the 
grout  hose.  Apparently,  most  of  the  grout  so  wasted  solidified  adjacent 
to  the  grout  machine  even  though  dropped  into  the  slowly  flowing  water 
in  the  invert  as  well  as  on  the  lower  quarters  of  the  tunnel. 

It  is  hard  to  account  for  the  enormous  quantity  of  this  custard-like 
material,  and  it  would  be  interesting  to  know  whether  the  grouting 
process  generally  results  in  similar  waste  products,  and,  if  so,  of  what 
this  waste  material  consists. 

Benjamin  A.  Howes/  Assoc.  M.  Am.  Soc.  C.  E. — An  important  Mr. 
point  as  to  the  fine  grinding  of  cement  is  involved.  Theoretically,  as  the 
authors  intimate,  it  would  seem  that  very  finely  ground  cement  would 
percolate  more  readily  into  the  finer  cracks  and  crevices  as  grout.  Like- 
wise, it  would  seem  that  if  the  cement  were  ground  extremely  fine,  it 
could  be  carried  into  the  interstices  of  sand  and  gravel  as  grout  to 
consolidate  them  in  place.  The  authors'  statement  indicates  that  expe- 
rience shows  this  to  be  impossible  and  that  standard  fineness  has  been 
found  to  be  more  practical. 

The  mechanical  features  of  setting  and  hardening  explain  this  seem- 
ing clash  between  theory  and  practice.  The  finest  particles  are  hydrated 
by  the  mixing  water  almost  immediately,  because  the  water  reaches  the 
entire  mass  at  once.  Particles  of  appreciable  size  are  reached  by  the 
water  only  on  the  exterior  surface,  and  hydration  proceeds  by  the 
attack  of  successive  layers  and  to  some  extent  by  percolation  of  water 
into  crevices  of  the  particles.  Ordinarily,  the  still  coarser  particles 
are  hydrated  on  their  exterior  surfaces  only,  and  these  coarser  particles 
with  some  10  or  15%  of  inert  constituents  often  comprise  40%  of  the 
cement.  They  act  as  reserves  or  factors  of  safety  and  will  hydrate  in 
time  if  needed  to  consolidate  the  mass. 

Therefore,  for  grouting  it  is  essential  that  a  large  part  of  the  cement 
be  ground  so  coarsely  that  it  will  not  hydrate  until  it  has  reached  its 
final  resting  place  and  will  then  by  slow  hydration  consolidate  the  fluid 
that  has  been,  the  carrier. 

When  a  porous  timnel  lining  is  under  air  pressure,  grout  will  carry 
the  coarse  particles  into  the  pores  to  some  extent  and  there  they  will 
hydrate  and  stop  the  flow  of  air  or  water,  but  this  only  in  very  small 
degree  fills  and  consolidates  the  total  porosity.  There  is  one  place 
where  these  reserves  of  coarse  particles  demonstrate  their  office  very 
plainly — in  the  case  of  small  cracks  in  a  concrete  wall  retaining  water. 
Sometimes  the  cement  reserves  seal  the  crack  in  place  and  sometimes 
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Mr.     percolating  water  brings  dissolved  cement  to  the  surface,  where  evapora- 

°^^^'  tion  condenses  it  to  seal  the  crack. 

The  speaker  has  found  these  unhydrated  coarse  particles  of  cement 
in  hydraulic  structures  years  after  construction.  In  one  case  a  timnel 
lining,  in  another,  a  dam  which  had  been  in  use  4  or  5  years  showed 
unhydrated  particles  of  cement  from  y^^Q^  in.  to  ^^^o^  in.  in  diameter. 
These  particles  had  the  characteristic  cellular  structure  of  Portland 
cement  clinker.  Hydration  had  taken  place  around  the  surface  of  the 
particles,  and  the  interiors  of  such  particles  appeared  to  be  ready  to 
hydrate  if  water  were  introduced  through  a  crack  or  otherwise. 
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H.  F.  DuNHAM.f  M.  Am.  Soc.  C.  E. — The  speaker  wishes  this  paper-    Mr. 
had  been  extended  to  include  facts  relating  to  the  traffic  and  operation    "°  ^™' 
of  trains  on  so  narrow  a  gauge.     The  author  when  concluding  the  dis- 
cussion may  mention  difficulties  that  do  not  pertain  to  transportation 
on  standard  gauge  lines. 

Col.  James  B.  Dillard,  U.  S.  A.,  read  a  paper  before  the  American 
Society  of  Mechanical  Engineers,  on  December  5th,  1918,  from  which 
the  following  paragraph  is  quoted : 

"The  1918-model,  8-in.  gun,  railway  mount  which  uses  the  same 
barbette  carriage  as  the  7-in.  gun  may  be  elevated  from  0  to  42  degrees. 
It  fires  either  a  200  or  300-lb.  projectile  at  a  maximum  velocity  of 
2  000  ft.  per  sec.  and  has  a  maximum  range  of  about  69  000  ft.  By 
means  of  special  8-wheel  trucks  it  is  possible  to  transport  this  mount 
over  a  60-cm.  (24-in.)  narrow  gauge  track.  This  8-in.  mount  weighs 
about  180  000  lb.  and  it  certainly  is  a  great  advantage  to  be  able  to 
transfer  it  to  a  narrow-gauge  track  which  is  the  kind  used  at  the  battle- 
front  in  order  to  better  conceal  operations.  On  the  narrow-gauge  track 
a  speed  up  to  15  miles  per  hour  is  feasible.  The  Ordnance  Department 
which  developed  this  mount  in  its  entirety  considers  this  artillery  piece 
to  be  the  last  word  in  railway  mounts.  It  is  also  the  only  mount  of  its 
kind  in  existence." 

Any  further  description  of  such  unexpected  loading  and  service 
would  be  especially  interesting. 

*  Discussion  of  the  paper  by  Frank  G.  Jonah,  M.  Am.  Soc.  C.  E.,  continued  from 
March,  1920,  Proceedings. 
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Mr.  There  are  now  many  miles  of  2-ft.  gauge  railroad  in  use  in  the 

'  United  States,  not  as  logging  or  factory-yard  roads,  but  as  veritable 
railroads  serving  many  communities  and  functioning  in  all  respects 
like  a  standard  gauge  steam  road  except  that  freight,  passenger,  and 
drawing-room  cars  are  not  exchanged,  but  always  remain  on  their  own 
tracks.     Cars  are  not  lost  and  a  company  can  do  its  own  repairing. 

The  Bridgeton  and  Saco  River  Railroad,*  more  than  20  miles  in 
length,  is  a  narrow  (2-ft.)  gauge  road  of  this  type,  which  connects 
Bridgeton  Junction  on  the  Maine  Central  Railroad  with  Bridgeton 
and  Harrison,  Me.  The  alignment  includes  one  36°  curve,  one  20° 
curve,  and  others  of  longer  radius.  The  grades  reach  a  maximum  of 
4%  for  short  distances.  The  road  operates  5  locomotives,  6  freight 
and  passenger  cars,  and  a  total  of  72  cars.  The  locomotives  weigh  from 
22  to  36  tons  each.  These  engines  have  two  driving  axles  about  54  in. 
apart,  a  one-axle  pony  truck  and  tender  on  the  engine  frame  extended. 
The  freight  cars  are  more  than  33  ft.  in  length,  6  ft.  wide  and  6  ft. 
high  in  the  clear,  weighing  7J  tons,  and  carry  a  net  load  of  15  tons. 
The  noticeable  difference  in  the  passenger  car  is  the  "one-seat"  feature 
on  each  side  of  the  central  aisle.  The  average  speed  is  more  than  20 
miles  per  hour. 

This  road  was  built  prior  to  1888  and  for  many  years  before  the 
World- War  disturbance  and  high  prices,  it  had  paid*regular  dividends. 
In  1915  it  carried  34  500  passengers  and  31  500  tons  of  freight.  These 
figures,  however,  do  not  show  the  great  value  of  the  road  to  those  resi- 
dents who  without  it  would  be  shut  off  from  the  outside  world  for 
long  periods.  Its  trains  are  said  to  be  always  waiting  for  the  Maine 
Central  trains  in  the  intervals  of  trouble  from  deep  snows ;  in  fact,  the 
narrow  gauge  is  said  to  be  an  advantage  in  heavy  drifts. 

From  Farmington,  Me.,  in  a  northerly  direction,  the  Sandy  River 
and  Rangeley  Lakes  Railroad  of  2-ft.  gauge  has  now  106  miles  of  sim- 
ilar roadbed  and  track  and  16  miles  of  sidings.  This  road  operates  14 
locomotives,  18  passenger  cars,  and  a  total  of  over  300  cars,  and  the 
revenues  from  operation  in  1918  were  $234  955.  The  weight  of  rail 
varies  from  25  to  58  lb.  per  yd. 

A  traveler  on  these  narrow-gauge  roads  is  not  subjected  to  hardship, 
and  records'  do  not  indicate  added  risks.  Extra  fare  insures  a  seat  in 
the  drawing-room  or  chair  car  and  the  principal  difference  in  the  pas- 
senger's sensations  is  a  feeling  that  the  ground  is  not  far  away.  The 
low  center  of  gravity  makes  for  safety.  When  cheaper  motive  power, 
for  example,  hydro-electric  and  storage  battery  service,  can  be  pro- 
vided, such  2-ft.  gauge  lines  should  become  more  numerous  where  there 
is  not  business  enough  to  justify  standard  gauge  construction. 

*  The  speaker  Illustrated  his  remarks  by  a  moving  picture  film  showing  loco- 
motives, cars  and  roadbed  of  this  railroad. 
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Morris  E.  Pumphrey,*  Esq. — The  speaker  was  with  the  21st  Engi-       Mr. 
neers  at  Sorcy,  Meuse,  which  place  has  been  described  by  the  author,    "™^  '^^^' 
from  March  to  October,  1918.     Afterward  he  was  iu  the  Argonne,  and 
it  is  thought  that  a  few  details  of  his  experiences  may  be  of  interest. 

One  of  his  first  duties  upon  arrival  at  the  front  was  to  make  a 
reconnaissance  for  the  purpose  of  connecting  the  light  railway  lines  in 
the  St.  Mihiel  Sector  with  the  German  lines,  in  case  of  advance.  This 
plan  was  properly  studied  and  prior  to  the  St.  Mihiel  advance,  large 
quantities  of  light  railway  material  were  brought  up  adjacent  to  the 
front  line  trenches.  On  the  morning  of  September  12th,  1918,  prepara- 
tions had  been  completed  for  the  laying  of  the  tracks  across  "No  Man's 
Land",  as  soon  as  the  infantry  had  advanced. 

The  speaker  was  located  at  a  town  called  Flirey,  about  400  yd.  from 
the  front  line  trenches,  where  he  had  one  company  of  experienced  light 
railway  troops,  with  one  company  of  negro  labor  troops,  which  had  just 
arrived  in  Erance  and  had  had  no  experience  with  construction  work. 
These  were  the  only  troops  available  for  this  work  and  were  totally 
insufficient  in  number.  On  the  morning  of  September  12th,  the  infan- 
try went  over  the  top  about  5  o'clock  and  the  engineering  trooi^s  imme- 
diately started  to  construct  the  light  railway  across  "No  Man's  Land". 
As  the  infantry  advanced,  a  party  of  experienced  engineers  laid  out 
the  line  on  the  ground  and  marked  it  with  the  white  trench  tape.  As 
may  be  imagined,  this  line  was  very  uneven  and  lacked  a  great  deal 
in  the  way  of  uniform  grades  and  curves.  At  this  point  4  km.  of  track 
had  to  be  built.  Due  to  the  shortage  of  labor  and  lack  of  ballast,  it 
required  4  days  to  get  this  line  in  operation,  whereas  it  should  have  been 
built  in  12  hours  in  order  to  have  been  of  real  use  to  the  combatant 
troops. 

After  this  line  was  completed,  the  regiment  to  which  the  speaker 
was  assigned  was  moved  to  the  Argonne  Sector,  where  no  light  railway 
troops  had  been  available  before.  The  Argonne  advance  began  on 
September  26th,  1918,  but  it  was  almost  the  middle  of  October  before 
any  definite  headway  had  been  made  in  connecting  the  American  light 
railways  with  the  German  lines.  This  was  due  to  an  insufficient  number 
of  troops,  lack  of  material,  and  a  great  lack  of  proper  planning  before 
this  operation  was  put  into  effect.  By  November  1st,  the  light  rail- 
ways in  this  sector  had  been  well  connected  up  and  traffic  was  operating 
smoothly.  As  the  combatant  troops  advanced  November  1st,  for  the 
final  phase  of  the  Argonne  battle,  more  light  railway  troops  and  mate- 
rial had  been  made  available,  so  that  for  a  few  days  it  was  possible  to 
maintain  connections  with  the  advancing  infantry,  but  by  November 
11th,  the  infantry  had  advanced  so  far  that  the  line  of  supplies  had 
almost  collapsed.  On  November  11th,  supplies  were  being  hauled  on 
one  line  for  a  distance  of  55  km.  and  on  another  for  a  distance  of  60 
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Mr.  km.  Both  these  lines  were  handling  approximately  1  000  tons  per  day  of 
■  rations  and  ammunition. 

The  locomotives  which  were  furnished  for  light  railway  work  proved 
to  be  very  unsatisfactory,  the  steam  locomotive  being  top-heavy.  The 
speaker  recalls  the  case  of  one  Captain  in  the  regiment  who  re-railed 
65  of  these  locomotives  in  1  month,  which  would  seem  to  be  a  record. 
The  gasoline  tractors  worked  very  well  at  times,  but  generally  failed 
at  the  crucial  moment. 

It  was  found  that  curves  with  a  radius  of  50  m.  are  as  sharp  as 
should  be  used  and  that  no  grades  exceeding  3%  should  be  considered. 
Recently,  in  one  of  the  engineering  papers,  some  writer  has  suggested 
the  advisability  of  adopting  wooden  ties,  instead  of  steel  ties  for  sec- 
tional track  such  as  was  used  by  the  Armies  engaged  at  the  front.  It 
was  quite  right  to  use  the  wooden  ties  on  back  lines  where  there 
was  ample  time  for  the  construction  of  first-class  track,  but  it  certainly 
would  not  be  advisable  to  use  wooden  ties  near  the  front,  on  account 
of  the  delay  in  transporting  them. 

The  speaker  is  firmly  of  the  opinion  that  the  20-lb.  rail  used  by  the 
English  is  the  ideal  rail  for  the  60-cm.  railways.  However,  it  is  under- 
stood that  the  engineers  of  the  War  Department  are  recommending  a 
25-lb.  rail. 

During  the  early  part  of  1918  the  speaker  made  a  detailed  study 
of  the  French  light  railway  system  from  St.  Mihiel  to  St.  Die  in 
the  Vosges  Mountains  and  found  that  sharp  curvature  and  heavy 
grades  were  common  on  the  French  railways,  that  the  road-bed  as  a 
rule  was  too  narrow,  and  that  insufficient  ballast  was  provided  to  make 
a  good  track,  although  in  numerous  cases  masonry  retaining  walls  and 
culverts  which  would  be  a  credit  to  the  standard  railways  in  the  United 
States  were  found.  This  work,  as  can  readily  be  imagined,  was  abso- 
lutely unnecessary  in  war-time  construction. 

Mr.  Hazen  L.  Hoyt,  Jr.,*  Esq. — If  the  American  people  are  to  derive 
"  any  benefits  from  the  World  War,  it  must  be  by  profiting  by  the 
lessons  learned  both  at  home  and  abroad.  It  is  necessary,  therefore, 
that  the  good  and  bad  points  of  the  different  services  and  departments 
be  carefully  weighed  before  drawing  conclusions,  and  this  is  true  of 
the  light  railways  of  the  battle  fronts  in  France. 

The  author  has  given  a  clear  idea  of  the  types  of  equipment  used 
abroad  and  of  the  work  done  by  the  light  railways,  in  France,  but  he 
has  failed  to  bring  out  wherein  they  failed  in  their  functions. 

At  the  outbreak  of  the  war  many  kilometers  of  military  railways 
existed  in  France,  principally  in  and  around  the  permanent  fortifica- 
tions of  that  country,  and  it  is,  therefore,  only  natural  that  when  the 
fighting  settled  down  to  what  was  known  as  a  "warfare  of  position" 
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that  these  railways  should  be  extended  to  help  supply  the  troops  in  the   Mr. 
line,  especially  as  motor-truck  transportation  has  never  been  developed     °^  ' 
abroad  to  the  extent  that  it  has  in  the  United  States.     However,  the 
Allies  soon  realized  the  need  of  this  form  of  transportation,  and  large 
orders  were  placed  both  at  home  and  abroad  to  supply  this  demand. 

When  the  United  States  entered  the  war  these  60-cm.  railway  lines 
were  well  established,  and  portions  of  them  were  taken  over  by  the 
Americans  with  the  sectors  assigned  to  them.  The  railway  locomotives 
used  by  the  Americans  in  France  were  manufactured  by  the  Baldwin 
Locomotive  Works,  as  stated  by  the  author,  but,  in  the  speaker's 
opinion,  proved  to  be  absolutely  unsuited  to  the  service  they  were  called 
on  to  perform.  The  steam  locomotives  were  entirely  too  high,  had 
insufficient  steam  capacity,  and  were  badly  adapted  to  the  kind  of  coal 
they  had  to  use.  The  spring  suspension  was  poor  and  only  68%  of  the 
weight  of  the  locomotives  was  carried  on  the  drivers.  The  over-all 
length  was  too  great  in  proportion  to  the  rigid  wheel  base,  causing  the 
rear  drivers  to  pull  oif  the  rails  when  hauling  heavy  trains  around 
sharp  curves.  Although  these  locomotives  were  designed  to  negotiate 
30-m.  curves,  it  was  found  that  40-m.  curves  had  to  be  adopted  as  the 
minimum  and  curves  of  50  m.  were  used  where  possible.  Why  this 
type  of  locomotive  should  have  been  adopted,  the  speaker  is  at  a  loss  to 
understand,  as  double-truck  steam  locomotives  had  been  manufactured 
in  this  country  for  the  Allied  Governments  prior  to  the  entry  into 
the  war  by  the  United  States  and  had  proved  entirely  satisfactory. 
So  poor  was  the  ability  of  these  locomotives  to  stay  on  the  track,  that 
one  company  of  the  21st  Engineers  operating  and  maintaining  approxi- 
mately 50  km.  of  track  during  the  Argonne  Drive  had  to  re-rail  65 
locomotives  in  1  month. 

The  gasoline  locomotives  worked  better  as  far  as  their  ability  to 
stay  on  the  track  was  concerned,  but  the  standard  of  workmanship  and 
material  was  low,  and  mechanical  troubles  were  constantly  arising, 
principally  with  the  clutch  and  gear  case.  The  spring  suspension  • 
also  was  poor  which,  combined  with  the  large  overhung  weight 
at  either  end,  caused  a  jumping  effect  at  high  speed,  frequently  result- 
ing in  derailment. 

The  cars  were  far  too  heavy  for  their  load  capacity  and  trouble  was 
constantly  being  experienced  with  the  draw-bars,  due  largely  to  the 
great  amount  of  side  play  allowed,  resulting  in  frequent  instances  of 
broken  draw-bars  when  coupling  up  the  trains.  If  a  four-wheel  car  of 
half  the  capacity  had  been  adopted,  the  weight  could  have  been  reduced 
by  nearly  two-thirds,  besides  such  cars  would  have  been  far  easier  to 
re-rail  than  the  eight-wheel  double-truck  type  furnished. 

The  author  states  that  both  the  English  and  French  Armies  had 
found  that  it  took  approximately  21  000  man-hours  to  build  1  mile  of 
60-cm.  track.  In  this  connection,  it  would  be  well  to  give  some  figures 
of  the  work  done  by  the  11th  Engineers  during  the  Cambrai  Drive  in 
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Mr.  November,  1917.  Working  in  conjunction  with  about  350  men  of  the 
°^  '  4th  Battalion  of  Canadian  Railway  Engineers,  300  men  of  the  11th 
Engineers  laid  approximately  10  miles  of  standard-gauge  track  in  7i 
days,  from  Epehy  to  Marcoign.  The  best  time  was  made  by  the  Amer- 
icans, who  laid  1^  miles  of  track  in  5  hours  and  46  min.  This  work 
consisted  in  re-laying  the  rails  and  ties,  filling  in  shell  holes,  mine 
craters,  blown-out  culverts,  trenches,  etc.,  the  ballast  being  already 
in  place  aa  the  line  followed  along  the  old  right  of  way  of  the  Nord 
Railroad,  running  from  Peronne  to  Cambrai. 

Another  matter  which  caused  endless  trouble  for  the  troops  operat- 
ing the  light  railways,  was  the  voluminous  reports  required  by  the  De- 
partment of  Light  Railways,  many  of  which  it  was  impossible  to  supply 
and  almost  all  of  which  could  not  be  given  accurately,  due  to  the  con- 
ditions of  operation.  This  was  particularly  true  of  the  reports  on  coal 
and  gasoline  consumed,  as  much  of  this  material  was  obtained  from 
captured  German  dumps  and  the  quantity  could  only  be  approximated, 
as  no  weighing  apparatus  was  available. 

Another  source  of  annoyance  was  the  difficulty,  if  not  impossibility, 
of  securing  permission  to  change  the  equipment  in  any  way,  as  this 
meant  a  change  in  the  standards.  Many  of  these  changes  were  minor, 
but  would  have  helped  materially  in  the  operation  of  the  trains  and 
could  have  been  done  easily  by  the  troops  themselves  had  permission 
been  granted. 

As  stated  by  the  author,  the  main  shops  of  the  light  railways  were 
located  at  Abainville,  almost  directly  back  of  the  center  of  the  Toul 
Sector;  this  town  also  was  the  supply  base  for  the  light  railways. 
Until  the  lines  started  to  advance  it  served  its  purpose  very  well,  or 
would  have,  had  the  shops  been  completed.  After  the  First  Army  moved 
to  the  Argonne,  however,  this  base  was  about  70  to  80  km.  away  by  road 
and  nearly  twice  that  distance  by  rail,  requiring  nearly  three  days'  travel 
by  rail  and  almost  a  day  by  road  in  order  to  obtain  supplies.  Even  when 
•  these  supplies  arrived  at  the  light  railway  shops  of  the  First  Army,  at 
Dombasle  (in  Argonne),  they  were  nearly  60  km.  from  the  advanced 
railway  companies. 

These  were  the  conditions  existing  at  the  time  of  the  advance  of 
the  American  troops  in  the  Argonne,  and  previously  on  a  lesser  scale 
in  the  St.  Mihiel  Salient.  The  first  proposition  that  confronted  the 
Americans,  of  course,  was  to  throw  a  line  across  "No  Man's  Land"  in 
order  to  connect  up  with  the  abandoned  German  track.  Prior  to  the 
opening  of  the  St.  Mihiel  offensive  a  careful  study  had  been  made  of 
the  situation,  and  material  of  all  sorts  had  been  provided  for  connecting 
up  the  German  lines  at  three  points:  From  Flirey  to  Essey,  from  Bois 
Chenau  to  Woinville,  and  from  Point  au  Metz  to  St.  Baussant,  the 
average  distance  being  about  five  miles,  including  the  approaches  on 
both  sides  and  the  distance  across  "No  Man's  Land".  Work  was 
started  simultaneously  on  all  three  lines  on  the  morning  of  September 
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12tli,  1918,  but  it  was  not  until  about  October  1st  that  these  lines  were   Mr. 
fit  for  train  operation,  in  spite  of  ample  troops  and  material  having  been 
provided  beforehand. 

This  same  condition  existed  in  the  Argonne,  aggravated  by  a  marked 
shortage  of  rails,  ties,  etc.,  as  time  and  transportation  had  not  been 
available  for  their  concentration  back  of  the  lines.  So  great  had  been 
this  delay  that  at  the  time  the  Armistice  was  signed  the  farthest  point 
of  light  railway  operation  was  about  Buzancy,  or  approximately  half 
way  from  Yarcnnes  to  Sedan.  Furthermore,  this  point  marked  about 
the  end  of  the  system  of  German  light  railway  track  abandoned  by  them 
in  their  retreat,  and  from  here  the  Americans  would  have  been  compelled 
to  build  entirely  new  lines  to  supply  the  troops  if  the  forces  had  been 
pushed  ahead.  This  condition  existed  in  spite  of  the  fact  that  some- 
what more  than  6  000  men  were  employed  on  the  light  railways  of  the 
First  Army  at  that  time. 

From  this  it  can  be  readily  seen  that,  although  the  light  railways 
had  proven  their  value  in  a  "war  of  position",  they  proved  totally 
inadequate  in  following  up  an  extended  advance,  and  the  troops  were 
forced  to  fall  back  on  the  road  transportation  for  their  supplies. 

Reviewing  the  conditions  as  they  existed  on  the  St.  Mihiel  and 
Argonne  fronts  during  the  advance  of  the  American  forces  in  Sep- 
tember, October,  and  November,  1918,  it  is  the  speaker's  opinion  that 
better  results  would  have  been  obtained  if  every  effort  had  been 
centered  on  pushing  forward  the  standard  gauge  rail-heads,  which  at 
the  time  of  the  Armistice  had  reached  Yarennes,  and  improving  the 
roads,  so  that  the  greatest  possible  volume  of  road  transportation  could 
have  been  used  for  the  supply  of  the  troops.  This  would  have  neces- 
sitated a  careful  study  of  the  available  roads  and  a  well-trained  body 
of  Military  Police  to  handle  the  trafiic  and  avoid  congestion.  In  order 
that  these  roads  might  be  kept  in  the  best  possible  shape,  the  men  and 
ballast  used  on  the  light  railways  should  have  been  diverted  for  this 
purpose,  leaving  the  60-cm.  lines  to  handle  the  salvage  collected  from  the 
battlefields,  pushing  forward  their  lines  as  conditions  permitted. 

W.  B.  Poland,*  M.  Am.  Soc.  C.  E. — Illustrating  the  critical  situa-  ^Mr. 
tion  as  to  transportation  at  the  front :  In  the  early  months  of  1918  the 
si)eaker  attended  a  conference  between  representatives  of  the  American 
Expeditionary  Forces  and  the  British  Army  Transport  Service,  repre- 
sented by  Gen.  Thornton,  formerly  of  the  Long  Island  Railroad,  then 
in  charge  of  transportation  along  the  British  front. 

After  explaining  the  terrible  straits  of  the  Allies,  for  cars  and  loco- 
motives. Gen.  Thornton  said:  "If  the  line  stays  where  it  is,  we  can 
probably  get  up  our  supplies  and  ammunition,  but  if  the  Boche  ever 
retreats,   God   help   us,   we're   lost!" 

•  New   York  City. 
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Mr.         Marshall  R.  Pugh  *  M.  Am.  Soc.  C.  E.  (by  letter). f— The  author 
■  has  touched  but  briefly  on  a  phase  of  light  railway  work  about  which  he 
is  well  qualified  to  speak,  namely,  the  light  railways  in  the  extreme  for- 
ward areas,  where  conditions  differed  materially  from  those  obtaining 
farther  away  from  the  trenches. 

The  light  railways  as  operated  by  the  American  Expeditionary 
Forces  may  be  divided  into  three  zones : 

(a)  Near  the  rail-head,  operated  by  steam  locomotives. 

(h)  The  forward  area,  operated  by  gasoline  locomotives. 

(c)  Tram  lines  at  the  extreme  front,  using  animal  or  man  power. 

Wherever  the  lines  were  far  enough  from  the  enemy  to  be  reasonably 
safe  from  shelling,  steam  locomotives  were  used,  as  they  were  more 
powerful  and  could  haul  heavier  trains.  The  gauge  of  track  was  1  ft. 
llg  in.,  and  the  over-all  width  of  the  steam  locomotives  was  G  ft.  5  in., 
consequently  they  needed  a  substantial  track.  Nearer  the  front,  the 
light  at  night  and  the  steam  and  smoke  by  day  made  them  undesirable, 
so  gasoline  locomotives  were  used.  Wliere  their  use  was  impracticable 
even  at  night,  as  well  as  on  numerous  spurs  to  batteries,  mules  and 
horses  were  used,  or  the  ammunition  and  supplies  were  transferred  to 
light  cars  pushed  by  men.  Fig.  10  shows  a  light  car  transporting  water 
on  a  spur  reaching  within  a  few  yards  of  the  front  line  trenches,  and 
is  typical  of  tram-line  conditions  at  the  extreme  front. 

The  first,  or  (a)  zone,  approximates  more  nearly  to  an  ordinary  rail- 
road, and  has  wooden  ties,  rock  or  gravel  ballast,  and  comparatively 
light  grades  and  curvature.  The  road  is  divided  into  blocks  with  a 
telephone  train-despatching  system.  Where  not  subject  to  shelling,  small 
huts  were  used  by  the  despatchers,  as  shown  in  Fig.  11.  These  huts 
were  made  in  sections  hooked  together  and  could  be  taken  down  in  a  few 
minutes,  moved,  and  re-erected  at  another  place  with  equal  rapidity. 
In  the  forward,  zone  semi-circular  steel  elephant  huts  were  used  to 
house  the  despatchers.  These  huts  were  protected  by  sand-bags  as  shown 
in  Fig.  12,  which  is  a  view  of  the  despatcher's  hut  in  Broussey.  This 
hut  was  at  the  terminus  of  the  gasoline-operated  section,  beyond  which 
animal  traction  was  used.  All  operation  was  by  night,  and  the  curtain 
screen  hung  across  the  roadway  was  to  hide  it  from  enemy  observation. 

The  road  in  exposed  places  was  screened  by  camouflage,  as  shown  in 
Fig.  13.  At  first,  there  was  a  great  deal  of  hesitancy  about  building 
much  in  the  open  in  forward  areas,  but  experience  showed  that  it  is  very 
difficult  to  hit  such  a  narrow  target  unless  it  is'  directly  enfiladed.  Near 
Beaumont,  a  point  called  "Dead  Man's  Curve"  was  subjected  to  shelling 
for  months,  bvit  comparatively  infrequent  repairs  to  the  track  were  neces- 
sary.   When  a  shell  did  hit  the  track,  it  was  a  simple  matter  to  take  out 

*  Wayne,  Pa. 

t  Received  by  the  Secretary,  March  18th,  1920. 
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Fig.   10. — Water  Car  on  Tram  Line. 


Fig.   11. — Portable  Despatchee's  Hut,  La  Reine. 
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Fig.   12. — Despatchbr's   Hut,   Broussey,   Showing   Sand-bag   Protection. 


Fig.  13. — Camouflage  at  the  Front. 
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the  damaged  section,  or  sections,  as  shown  in  Fig.  14,  and  replace  them  Mr. 
by  new  sections.  Wrecking  trains  were  stationed  at  intervals,  on  which  "^ 
were  carried  some  full  length  (5-m.)  sections  of  track  and  some  half  and 
quarter  sections,  ready  to  make  a  quick  run  to  any  damaged  point  and 
replace  the  track.  The  difficulty  of  hitting  the  track  and  the  ease  of 
repair  makes  it  far  more  costly  to  destroy  a  light  railway  by  shell  fire 
than  to  restore  it.  It  is  about  as  impracticable  to  destroy  such  a  railway 
by  shell  fire  as  it  is  to  get  rid  of  cooties  in  the  same  manner.  This  fact 
is  their  protection. 

There  were  two  abandoned  meter-gauge  railways  in  the  Toul  Sector, 
and  in  places  much  work  and  ballast  was  saved  by  laying  the  light  rail- 
way track  in  the  center  of  the  old  meter  gauge,  as  shown  in  Fig.  15. 
The  dug-outs  and  huts  shown  are  in  the  shelter  of  the  old  railroad  cut 
just  behind  the  trenches  and  are  occupied  by  the  troops  holding  that  part 
of  the  line.  As  illustrating  the  amenities  of  life  in  this  region,  one  of 
the  writer's  corps  making  a  railroad  location  in  "Shrapnel  Valley"  just 
to  the  right  of  this  point,  was  hailed  one  day  by  an  officer  who  said  that 
the  Boche  had  broken  through  and  he  wanted  the  survey  party  to  help 
man  the  machine  guns  till  reinforcements  arrived.  The  survey  was 
temporarily  deferred. 

Just  south  of  this  point  the  light  railway  left  the  meter  gauge, 
which  formerly  crossed  on  the  bridge  shown  in  Fig.  16.  Barbed  wire 
entanglements  are  shown  in  the  foreground,  also  one  of  the  narrow- 
gauge  "speeders".  These  little  speeders  were  used  by  officers  and  men, 
repair  gangs,  and  the  like,  for  getting  over  the  road,  and  were  indis- 
pensable. Their  usefulness  would  have  been  far  greater,  however,  had 
they  been  adapted  to  the  service  they  were  called  on  to  perform.  There 
were  two  types.  The  one  shown  in  Fig.  16  held  six  persons ;  it  had  one 
cylinder,  was  cranked  by  pushing  it  along  the  track  and,  when  on  a 
heavy  grade,  good  track  was  absolutely  essential,  as  it  would  stall  if  not 
moving  rapidly.  The  smaller  speeder,  holding  three  persons,  had  two 
cylinders,  was  swifter  and  more  easy  riding,  but  stalled  even  more 
readily  on  grades  and  jumped  the  track  on  no  provocation  whatever. 
The  writer  preferred  it  to  the  other,  but  took  many  an  unpleasant  spill. 
Derailments  were  constant  with  each  type,  as  they  had  no  clutches,  and 
although  they  would  run  well  on  a  smooth  track,  they  could  not  be 
operated  slowly  and  were  entirely  unsuitable  for  conditions  at  the 
front.  Several  serious  injuries  and  one  death  occurred  from  their  use 
by  the  21st  Engineers.  They  should  have  had  clutches,  means  of  crank- 
ing, and  have  been  geared  so  that  they  could  run  slowly  on  poor  track. 
There  is  a  good,  light  friction-drive  speeder  in  the  market. 

The  general  instructions  on  location  were  to  avoid  heavy  work,  and 
Figs.  11,  13,  14,  and  18  indicate  the  character  of  the  great  bulk  of  the 
line  constructed.  Where  the  track  leaves  the  rail-head  at  Sorcy  Yard, 
on  the  curve  marked  "To  Cornieville"  on  Plate  II,  there  was  a  ridge  to 
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Mr. 
Pugh. 


be  crossed,  and  as  heavy  traffic  had  to  be  handled,  the  writer  put  in  the 
only  heavy  work  in  the  line — a  17-ft.  rock  cut  shown  in  Fig.  17.  A 
French  highway  is  carried  by  the  bridge  in  the  foreground.  There  was 
considerable  criticism  prior  to  the  completion  of  this  cut,  but  the  writer 
heard  of  none  after  it  was  finished  and  operation  showed  the  justification 
for  it.  In  general,  however,  work  of  this  character  would  be  utterly 
misplaced  in  light  railway  lines.  Ease  and  speed  of  construction  are 
generally  of  paramount  importance,  and  it  is  also  necessary  to  know 
just  how  long  it  will  take  to  construct  a  given  line  under  prescribed 
conditions  as  to  number  of  men  available.  The  construction  forces  must 
be  divided  in  such  a  manner  that  grading,  track-laying,  and  ballasting 
will  progress  with  equal  rapidity,  so  that  the  line  will  be  completed 
without  any  delay  due  to  the  track  being  held  back  by  grading,  or  by 
ballast  not  keeping  up  with  the  track.  Conditions  varied  materially,  but 
a  rough  average  of  the  lines  in  the  forward  part  of  the  Toul-St.  Mihiel 
Sector  indicated  that  with  approximately  a  1-ft.  cut  or  fill,  the  forces 
should  be  proportioned  as  follows : 

Clearing 5  men. 

Grading GO      " 

Track-laying    10      " 

Ballasting ■ 25      '' 

Progress  charts  were  prepared,  and  when  the  work  was  completed  it 
was  checked  against  the  preliminary  estimates,  as  shown  in  Table  2. 

TABLE  2. — Estimated  and  Actual  Percentages  of  Work  on  "K"  Line 

(Baulecourt). 


Clearing 

GraiHng 

TrHck-layiug^ 
Ballasting... 


Estimated 
percentage. 


4 

60 
10 
26 


Man-days. 


69 
751 
199 
333 


Actual 
percentage. 


5.11 
55.59 
14.73 
24.50 


The  Sorcy-Cornieville  Line  aggregated  2  344  man-days  per  mile, 
comparing  in  this  respect  with  the  Abainville  Line  cited  by  Col.  Jonah. 
Each  was  what  may  be  termed  a  trunk  line.  The  Hamonville  and 
Raulecourt  Lines,  on  the  contrary,  were  close  to  the  front,  with  light 
grading  and  sectional  track.  The  Hamonville  Line  averaged  1  024  man- 
days  per  mile  and  the  Baulecourt  Line  1 169  man-days  per  mile.  The 
Abainville  Line  and  the  southern  part  of  the  Cornieville  Line  were  laid 
with  wooden  ties.  At  the  Cornieville  end  steel  ties  and  sectional  track 
were  used,  which  afterward  were  replaced  by  wood.  To  avoid  interrup- 
tion to  traffic  during  the  change,  the  wooden  ties  were  placed  between 
the  steel  ones,  and  the  new  rail,  bolted  together  in  sections  several 
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Fig.   14. — RKrLACiNG  Track   Damaged  by  Shell  Fire. 


Fig.  15. — GO-Cm.  Track  Laid  on  Old  Meter  Gauge  Line. 
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Fig.  16. — Light  Railway  "Speeder",  Entanglements  aa^d  UESTKovEn  bridge 

NEAR  FlIEEY. 


Fig.  17. — Exceptional  Work  on  Light  Railway;  17-Ft.  Rock  Cut  at  Sorcy. 
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hundred  feet  long,  was  laid  on  either  side  of  the  sectional  rail.  After  Mr. 
the  passage  of  a  train  the  sectional  track  was  lifted  out,  thrown  to  one 
side,  and  the  new  rail  quickly  spiked  to  the  wooden  ties,  only  four  bolted 
connections  being  necessary  for  the  entire  section.  Fig.  18  shows  this 
operation.  The  new  rail  is  ready  to  be  spiked  into  place  as  soon  as  the 
sectional  track  is  lifted.  In  the  foreground  enough  of  the  25-lb.  Amer- 
ican rail  on  wooden  ties  is  shown  to  indicate  its  superior  alignment  and 
solidity. 

It  will  be  noted  that  the  lines  at  the  extreme  front  averaged  only 
about  half  as  many  man-days  per  mile  for  construction  as  those  farther 
back.  They  had  few  bridges  and  all  the  work  was  light.  On  the  con- 
trary, given  an  equal  amount  of  traffic,  the  maintenance  on  these  lines 
was  greater,  and  wooden  ties  held  up  much  better  than  steel  ties. 

What  lesson  experience  in  the  World  War  teaches  as  to  the  defects 
that  developed  in  the  light  railways,  and  the  remedy,  is  a  question  of 
utmost  importance. 

Paul  McGeehan,  M.  Am.  Soc.  C.  E.,  in  an  article  entitled  "Notes  on 
Army's  Light- Railway  Practice  in  France",*  has  put  his  finger  on  what 
the  writer  considers  the  lesson  to  be  profited  by  if  light  railways  are 
to  be  made  the  success  which  their  importance  demands.  Capt. 
McGeehan  says,  "The  number  of  derailments  was  almost  a  scandal.  On 
one  classic  occasion  at  Tincourt,  on  the  British  front,  all  of  the  steam 
locomotives  in  the  service  were  on  the  ground  at  the  same  time.  Derail- 
ments were  so  numerous  and  the  cause  of  so  much  loss  of  time  that 
orders  had  to  be  issued  to  reduce  speed  to  not  more  than  eight  miles  an 
hour." 

The  first  and  most  obvious  thing  to  which  consideration  should  be 
given  is  the  roadbed.  Ballast  is  by  all  odds  the  most  serious  problem  in 
light  railway  construction.  In  Table  2  it  will  be  noted  that  24^%  of 
the  labor,  on  that  particular  branch,  was  used  on  ballasting,  but  this 
does  not  begin  to  cover  what  is  involved  in  that  part  of  the  construction. 
The  quantity  of  ballast  needed  and  the  long  hauls  frequently  necessary 
before  it  can  be  placed,  choke  the  railroad  with  ballast  trains.  In  the 
week  ending  April  19th,  1918,  of  4  674  tons  hauled  on  the  light  railway, 
1  290  tons  consisted  of  ballast.  For  the  week  ending  August  31st,  1918, 
the  total  hauled  was  19  885  tons,  of  which  2  717  tons  were  ballast.  The 
following  week  the  figures  were  34  942  tons  total,  7  954  tons  of  which 
were  ballast.  In  general,  the  ballast  varied  between  one-tenth  and  one- 
quarter  of  the  tonnage  moved.  Capt.  McGeehan  calls  attention  to 
one  instance  where  ballast  had  to  be  fed  continuously  into  certain  lines 
in  order  to  keep  ration  trains  running.  "Ballast,  even,  had  to  be  put 
under  this  track  to  keep  the  ballast  trains  themselves  running."  He 
agrees  with  Col.  Jonah  in  considering  wooden  ties  preferable,  because 
surface  and  line  are  more  readily  kept,  and  steel  ties  cut  into  the  ballast, 
*  Engineering  News-Record,  October  2d,   1919. 
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Mr.  Their  contention  is  not  open  to  dispute,  and  when  it  can  be  done  the 
^  '  writer  would  advocate  their  utilization,  but  he  feels  that  in  the  forward 
areas  the  superior  speed  with  which  sectional  track  can  be  laid,  espe- 
cially at  night,  the  lessened  demand  for  skilled  labor,  and  the  avoidance 
of  noise  due  to  spiking,  make  the  bolted  sections  with  steel  ties  vastly 
preferable. 

Much  of  the  sectional  track  used  by  the  American  forces  was  French 
Decauville  track  with  16-lb.  rails.  This  is  too  light  for  main  track,  and 
the  head  of  the  rail  is  too  narrow  to  give  the  drivers  proper  adhesion. 
The  American  20-lb.  and  25-lb.  rails  were  superior  in  every  way.  Per- 
sonally, the  writer  prefers  the  20-lb.  rail,  as  it  seemed  to  be  quite  as 
satisfactory  and  is  lighter  to  handle.  It  is  a  mistake  to  have  both.  The 
difference  in  appearance  between  the  20-lb.  and  25-lb.  sections  is  neg- 
ligible, and  in  one  instance  led  to  disastrous  results.  A  start  was  made 
to  lay  several  miles  of  sectional  track,  and  after  quite  a  stretch  was 
down,  the  sections  failed  to  fit.  It  was  then  discovered  that  the  erection 
shop  had  forwarded  to  the  front  sections  having  one  20-lb.  and  one  25-lb. 
rail  to  each  section.  It  was  not  noticed  as  long  as  the  sections  happened 
to  have  all  the  25-lb.  rail  on  the  same  side.  When,  however,  a  20-lb.  rail 
came  to  match  up  against  a  25-lb.  rail,  trouble  began,  and  a  gentle 
critique  of  the  erection  shop  by  the  track-layers  ensued. 

The  American  standard  sectional  track,  5  m.  (16  ft.  5  in.)  long, 
had  eight  ties,  with  a  total  tie  area  in  bearing  of  13.76  sq.  ft.  per  sec- 
tion. The  German  sections  were  not  all  alike,  but  in  general  had  ten 
ties  to  the  section.  One  excellent  type  had  a  total  bearing  area  of  23.2 
sq.  ft.,  or  176%  of  the  area  of  the  American  section.  The  American 
20-lb.  rail  section  weighs  406.4  lb.  The  German  section  with  American 
20-lb.  rail  would  weigh  549  lb.  Although  heavier  to  handle,  it  would 
not  be  objectionable.  Furthermore,  the  German  ties  are  4  ft.  long,  5  in. 
longer  than  American  ties,  giving  somewhat  superior  stability.  Of  most 
importance,  however,  is  their  width  which  is  7  in.  as  against  5 J  in.  for 
American  ties.  The  Second  Progress  Report*  of  the  Special  Commit- 
tee to  Report  on  Stresses  in  Railroad  Track  throws  an  interesting  light 
on  the  relative  supporting  capacities  of  these  two  widths  of  tie.  It 
shows  that  the  supporting  capacity  is  greatly  increased  by  increase  of 
width.  Table  18  of  that  report  indicates  that  ''with  jarring"  the  German 
tie  would  support  a  load  of  approximately  160%  of  that  of  the  American 
tie.  Since  there  are  25%  more  ties  to  a  section,  the  superiority  of  the 
German  section  on  a  poor  soil  is  apparent. 

The  writer  would  advocate  the  continued  use  of  sectional  track  at 
the  extreme  front,  or  wherever  speed  in  construction  is  essential,  using 
on  soft  ground  a  mat  of  brush,  leaves,  or  the  like,  when  obtainable, 
before  placing  the  ballast.  Where  wood  is  available,  he  has  found  great 
benefit  to  result  from  inserting  between  the  steel  ties  on  bad  ground 

*  Proceedings,  Am.   Soc.  C.   E.,   February,   1920,   p.   133. 
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Fig.  18. — Replacing  Sectional,  Track  by  Rail  with  Wooden  Ties. 


Fig.  19. — Light  Railway  Gasoline  Tractor  and  Flat  Cars. 
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either  wooden  ties,  planks,  or  boughs  of  trees,  to  give  added  bearing    Mr. 
power  and  stability. 

As  to  gauge,  where  an  enemy's  lines  have  the  60-cm.  gauge,  as  was 
the  case  in  France,  it  is  undoubtedly  preferable  to  adopt  the  same,  so 
that  his  lines  may  be  utilized  in  an  advance.  Otherwise  a  30-in.  gauge 
would  be  preferable.  Neither  the  rolling  stock  nor  the  track  would 
weigh  any  more,  and  the  tendency  to  derailment  would  be  less. 

Practically  all  the  articles  which  the  writer  has  read  on  the  subject 
regard  the  great  part  of  the  troubles  in  light  railways  as  arising  from 
poor  roadbed.  Desirable  as  some  track  changes  may  be,  they  are  of 
minor  importance,  in  the  writer's  judgment.  It  must  be  borne  in  mind 
that  under  battle  conditions  the  roadbed  must  and  will  be  poor.  It  is 
vitally  necessary  to  get  cars  and  engines  that  will  run  on  a  poor  road- 
bed. This  has  been  the  writer's  contention  from  the  start.  American 
rolling  stock  was  based  on  the  idea  of  a  miniature  standard-gauge  rail- 
way. It  should  be  based  on  that  of  a  contractor's  rough-and-ready  con- 
struction railway.  An  interesting  side  light  is  thrown  on  this  by  a 
remark  on  page  218  of  the  "Historical  Report  of  the  Chief  Engineer 
*  *  *  American  Expeditionary  Forces,"  where  it  is  stated:  "It 
was  found  that  the  lines  of  the  German  system  contained  many  sharp 
curves  and  heavy  grades,  which  called  for  reduction  before  American 
equipment  could  be  successfully  operated."  Lieut.  Harvey  W.  Bell,  of 
New  York  City,  formerly  of  the  21st  Engineers,  A.  E.  F.,  a  mechanical 
engineer  of  great  experience  in  industrial  railways  prior  to  the  war,  as 
well  as  in  operation  of  light  railways  in  France,  writes: 

"I  took  six  trains  of  about  seven  cars  each,  using  steam  power,  from 
Sorcy  to  the  Argonne.  We  passed  near  Mt.  Sec  and  ran  near  the  new 
front  over  German  track  and  had  some  pretty  exciting  times.  Our  loco- 
motives made  so  much  noise  and  showed  so  much  light  that  they  must 
have  been  easily  located.  To  add  to  our  troubles  both  engines  and  cars 
seemed  always  to  leave  the  track  as  soon  as  shells  began  to  land  near  us. 
One  night  in  the  Argonne  our  steam  engine  turned  over  on  its  side  on 
a  bad  curve,  blocking  the  main  line.  We  worked  until  midnight  get- 
ting it  up  again,  and  no  sooner  were  we  prepared  to  start  than  it  turned 
over  on  its  other  side  and  we  didn't  get  it  up  till  morning.  I  could  tell 
you  a  hundred  stories  of  a  similar  nature  with  our  equipment,  yet  I 
never  saw  a  French  engine  or  gasoline  locomotive  off  the  rail." 

The  American  gondola  and  flat  cars  were  24  ft.  li  in.  long  over 
couplers,  and  15  ft.  center  to  center  of  trucks.  The  weight  of  the 
gondola  was  9  000  lb.  and  of  the  flat  car  8  000  lb.  Lieut.  Otis  T.  Gregg, 
of  the  21st  Engineers,  also  a  man  of  wide  experience  in  industrial  rail- 
ways, suggests  a  four-wheel  car  which  could  be  made  of  one-half  the 
capacity  and  one-third  the  weight  and  which  six  men  could  lift  on 
the  track.  The  little  four-wheel,  V,  dump  cars,  6  ft.  9  in.  long  over 
couplers,  kept  the  rails  on  rough  track  and  would  go  around  curves 
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Mr.  which  the  other  cars  would  not  begin  to  take.  Fig.  21  shows  how  heavy 
^  ■  loads  can  be  moved  by  very  simple  rolling  stock. 

The  steam  locomotives  (Fig.  11)  were  too  high,  had  a  bad  spring 
suspension,  and  only  68%  of  the  weight  of  the  locomotives  was  carried 
on  the  drivers.  The  rear  drivers  would  pull  off  the  rail  on  the  inside  of 
the  curve  when  hauling  a  heavy  train  over  sharp  curves,  because  the 
over-all  length  was  too  great  in  proportion  to  the  wheel  base. 

In  locations  made  by  the  21st  Engineers  compensation  for  curva- 
ture on  grades  was  made  at  the  rate  of  0.02%  per  degree  of  curve. 
Nevertheless,  with  the  long  cars  operated  by  the  Americans,  curves 
offered  much  greater  resistance  to  traffic  than  grades. 

The  writer's  regiment  was  fortunate  in  having  several  mechanical 
experts  of  great  ability,  and  they  were  in  entire  agreement  with  him — 
he  is  not  a  mechanical  engineer — as  to  the  desirability  of  a  different 
type  of  rolling  stock.  Lieut.  Alfred  D.  Chandler,  Jr.,  now  representative 
of  the  Baldwin  Locomotive  Works  in  South  America,  was  most  insistent 
on  the  need  for  a  revision  in  the  design  of  American  engines.  A  double- 
truck  gasoline  locomotive  with  all  the  weight  on  the  drivers,  a  motor  of 
about  75  h.  p.,  and  a  four-speed  transmission,  to  replace  both  the  steam 
and  the  gasoline  locomotives  would  be,  in  the  opinion  of  those  better 
qualified  than  the  writer  to  pass  judgment,  a  great  change  for  the  better. 
In  France,  conditions  occurred  in  which  the  locomotives  had  to  remain 
miles  away  from  proper  supplies  of  coal  and  water  and  pit  tracks. 
Gasoline  locomotives  could  carry  supplies  of  all  kinds  siifficient  for 
four  days'  hard  work. 

In  stressing  the  question  of  rolling  stock,  it  is  possible  that  the 
writer's  meaning  may  be  misconstrued.  It  is  not  his  intention  to 
advocate  poor  track.  Make  it  the  best  that  is  possible,  but  when  condi- 
tions compel  that  "best"  to  be  poor,  have  cars  and  engines  which  will 
run  on  the  worst  of  it,  and  which  can  readily  be  re-railed. 

The  light  railway  is  not  adapted  and  should  not  be  used  for  long 
hauls,  which  can  be  far  better  taken  care  of  by  the  standard  gauge. 
It  is  not  practicable  to  destroy  it  by  shell  fire,  so  that  it  should  be  used 
where  the  standard  gauge  cannot  be  operated,  with  necessary  extensions 
to  the  rear  to  reach  properly  located  shops  and  to  enable  the  withdrawal 
of  equipment  in  event  of  an  enemy  advance,  these  extensions  to  ■  be 
located  and  built  in  accordance  with  the  best  principles  of  standard- 
gauge  practice. 

On  page  82,*  Col.  Jonah  has  clearly  and  succinctly  stated  the  pri- 
mary reasons  for  the  development  of  light  railways.  Some  concrete 
examples  of  what  the  light  railway  does  may  be  of  interest.  Maj.  G. 
Boyer,  of  the  4th  Canadian  Division,  in  a  report  to  Sir  Henry  Jacob, 
gives  an  idea  of  the  great  saving  in  work  effected  by  them.    He  says : 

*  Proceedings,  Am.   Soc.   C.   E.,   January,   1920. 
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Fig.  20. — Plat  Car  Loaded  with  Ammunition. 
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Fig.  21. — Howitzer  on  the  Light  Railway. 
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"Before  the  tram  lines  were  organized  and  constructed  one  horse    Mr. 
and  one  man  brought  to  his  battery  eight   18-lb.   shells,  therefore  to  P"^*^- 
deliver  16  000  rounds  it  took  2  000  horses  and  2  000  men ;  by  the  tram 
lines,  taking  as  an  average  a  hundred  rounds  per  truck,  it  would  take 
160  horses  or  mules  and  184  men;  saving  and  allowing  to  rest  1816 
men  and  1  840  horses  or  mules." 

Light  railways  are  also  of  the  greatest  aid  in  troop  movements, 
saving  tiresome  marches  (generally  at  night)  and  relieving  the  already 
congested  highways.  An  extract  from  a  citation  to  the  21st  Engineers 
by  the  Commanding  General  of  the  82d  Division  illustrates  this  point 
very  clearly.     He  says,  in  part: 

"The  light  railway  is  a  great  saving  on  trucks  and  gasoline;  also  a 
great  saving  on  the  men,  who  were  saved  physical  exertion  moving 
about  and  were  able  to  apply  the  exertion  in  other  more  important 
work.  It  also  made  it  possible  for  the  men  to  move  quickly  during  the 
reliefs,  where  to  camp  men  in  unusual  stations  or  move  them  about  in 
daylight  would  attract  enemy  fire  and  suspicion.  Some  20  000  troops 
were  moved  in  a  recent  relief,  much  to  the  benefit  of  the  troops." 

The  writer  would  like  to  take  this  opportunity  of  expressing  his 
appreciation  of  the  great  help  which  the  author's  keen  observation 
and  trained  judgment  was  to  him  on  the  location  and  construction  of 
the  light  railways.  He  is  deeply  indebted  to  Col.  Jonah  for  his  criti- 
cisms and  suggestions. 
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WiLLiAAi  T.  LYLE,f  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter).:}: — The  con-  Mr. 
elusions  drawn  from  these  carefully  prepared  experiments  are  character-  ^  ^' 
ized  by  the  cogency  of  their  logic.  The  author  regrets  the  fact  that 
owing  to  the  war  his  examination  was  not  carried  further.  It  is  to  be 
hoped  that  so  profitable  an  undertaking  may  be  continued,  not  only  in 
the  interest  of  hydraulic  science,  but  also  for  the  practical  benefit  of  the 
profession.  The  author  very  properly  calls  attention  to  the  folly  of 
using  hydraulic  formulas  beyond  the  limit  of  their  application,  A 
formula  must  be  modified  or  changed  whenever  a  new  condition  arises 
in  the  flow.  The  danger  here  involved  has  been  forcibly  brought  home 
in  the  use  of  run-off  formulas ;  but  there  are  many  other  examples  as 
well,  and  many  a  hidden  rock  on  which  professional  reputations  have 
been  damaged. 

Any  device  for  contracting  the  cross-section  of  a  jet  or  stream  of 
water  constitutes  a  measuring  device.  Thus  there  are  orifices,  weirs, 
Yenturi  meters  and  contracted  open  channels.  The  underlying  prin- 
ciple in  them  all  is  the  hydraulic  expression  of  the  law  of  the  conserva- 
tion of  energy,  namely,  Bernonilli's  theorem — pressure  head  plus 
velocity  head  plus  friction  head  is  a  constant. 

Some  years  ago,  the  writer  designed  a  stilling  box  for  use  in 
volvmietric  tank  measurements  and  weir  determinations.     It  consisted 

*  This  discussion  (of  the  paper  by  E.  W.  Lane,  Assoc.  M.  Am.  Soc.  C.  B.,  pub- 
lished in  October-November-December,  1919,  Proceedings,  but  not  presented  at  any- 
meeting)  is  printed  in  Proceedings  in  order  that  the  views  expressed  may  be  brought 
before  all  members  for  further  discussion. 

t  Houston,  Tex. 

t  Received  by  the  Secretary,  March  5th,  1920. 
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Mr.   of  a  copper  float,  convex  on  the  lower  side,  with  a  brass  stem  to  hold  an 

^^^^'  index  which  passed  up  and  down  through  a  slot  on  the  recording  scale. 

All  graduations  were  on  wood  which  is  believed  to  be  a  small  improve- 
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Fig.  21. 

ment  on  the  steel  tape  referred  to  in  the  paper  because  of  the  fact  that 
wood  does  not  corrode.  The  float  moved  up  and  down  through  a  riser 
of  sewer  pipe,  with  a  small  hole  for  the  entrance  of  water  at  the  bottom, 
as  shown  in  Fig.  21. 
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In  order  to  guard  against  any  possibility  of  binding  it  was  the  prae-   Mr. 
tice  to  tap  the  index  lightly  with  the  finger  before  taking  a  reading.    ^  ®' 
This  float  gauge  gave  good  results  and  is  better  than  a  hook-gauge, 
where  rapidity  and  elimination  of  surge  are  necessary. 

In  discussing  Formula  (4),  the  author  says:  "Part  (h)  of  the  dis- 
charge, according  to  the  Weisbach  theory,  is  exactly  equal  to  the  total 
discharge  according  to  the  d'Aubuisson  theory."  This  is  true  provid- 
ing the  coefficients  are  the  same.  The  separate  coefficients  appear  in 
Formula  (14).  The  writer  questions  the  strict  applicability  of  Formula 
(12),  which  applies  to  orifice  flow.  This  same  equation  appears  in 
modified  form  again  as  Formula  (18).  The  distinction  made  between 
stream  line  and  turbulent  flow  is  not  well  taken.  The  stream-line  theory 
is  now  obsolescent,  if  not  obsolete. 

The  author  very  properly  calls  attention  to  the  great  advantage  of 
the  expanding  flume  over  the  weir  for  water  measurement,  the  flume 
being  free  from  clogging  by  floating  matter,  free  from  silt  deposits,  and 
requiring  much  less  loss  of  head. 

D.  C.  Henny,*  M.  Am.  Soc.  C.  E.  (by  letter) .f— Under  the  head  of  Mr. 
"New  Water  Measuring  Devices",  the  author  refers  to  the  Yenturi 
flume  suggested  by  Mr.  V.  M.  Cone.:}:  A  somewhat  difl^erent  and  equally 
simple  device  using  the  Venturi  principle  was  suggested  by  the  writer 
in  1915,  for  the  purpose  of  measuring  flow  in  irrigation  laterals.  It 
consists  of  an  ordinary  rating  flume  with  parallel  sides,  the  only  addition 
being  a  thin,  galvanized  steel  plate  fastened  to  the  sides,  which  depresses 
the  water  surface  so  as  to  contract  the  flow  area  to  a  throat,  as  shown 
by  Fig.  22. 

Throat  Gauge 
B 


'X>Jli//J/>^^/.V>J?f/ 


For  ordinary  irrigation  heads  of  from  3  to  6  sec-ft.,  the  throat  is  4 
in.  high  and  2  ft.  wide,  the  throat  velocity  varying  from  4.5  to  9  ft.,  with 
corresponding  velocity  heads  of  0.31  to  1.26  ft.  Two  vertical  staff 
gauges,  A  and  B,  are  read,  the  upper  one  placed  in  the  ditch  above  the 
wings  of  the  flume,  the  lower  one  in  the  head-water  basin  above  the 
metal  plate  which  communicates  through  small  holes  in  the  throat  with 
the  flowing  water. 

For  a  flow  varying  from  3  to  6  ft.,  the  velocity  in  the  approach  ditch 
may  range  from  1  to  1.5  ft.  Allowance  is  made  in  the  formula  used 
for  the  mean  velocity  head  of  approach. 

*  Portland,  Ore. 

t  Received  by  the  Secretary,  March  25th,   1920. 
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Mr. 
Henny. 


Experiments  made  on  three  reclamation  projects  with  flumes  similar 
to  that  shown  in  Fig.  23,  indicate  that,  in  the  formula. 


F  (Throat  Velocity)  =  C  s/  -2  g  {H  +  h), 

in  which  H  is  the  difference  in  gauge  readings  and  h  the  mean  velocity 
head  of  approach,  the  value  of  C  increased  with  H.  For  the  dimensions 
of  flumes  used  in  the  experiments,  the  formula  becomes : 

F=  (0.85  +  O.Oo  H)  \/  2g(H  +  h) 

VENTURl   EXPERIMENTAL   FLUMES 
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Fig.   23. 

The  flow  thus  determined  in  39  experiments  in  which  the  throat 
velocity  was  3  ft.,  or  more,  was  compared  with  the  flow  measured  by 
standard  Cipolletti  weirs  with  the  following  results  (see  Fig.  24)  : 

35  measurements  show  error  of  less  than  3  per  cent. 


These  results  appear  to  be  quite  satisfactory,  considering  that  the 
weirs  themselves  are   subject  to  error   and   that  they   represent   three 
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devices  built  and  tested  at  widely  separated  points  and  by  different     Mr. 
experimenters.  Henny. 

The  device  is  cheap,  and  the  gauges  can  be  easily  read  by  an  ordinary 
ditch  rider.  There  is  little  danger  of  silting  and  the  loss  of  head  where 
flaring  wings  are  used;  both  down  stream  and  up  stream,  can  be  held 
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down  to  less  than  20%  of  the  velocity  head  at  the  throat,  or  for  the 
dimensions  and  maximum  flow  in  question  to  less  than  3  in.  The 
accuracy  is  not  seriously  affected  by  the  usual  range  in  variation  of 
back-water. 

Under  certain  conditions  this  form  of  Venturi  flunie  is  likely  to  be 
more  accurate  than  the  weir,  partly  because  a  small  error  in  gauge 


Kennison. 
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Mr.     reading  has  a  smaller  effect.     It  was  intended,  however,  especially  for 
^°"^'  cases  where  the  available  head  is  small  or  where  the  water  carries  con- 
siderable silt. 

Mr.  Karl  E.  Kennison,*  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter)  .f — The 

writer  has  read  Mr.  Lane's  valuable  contribution  to  the  literature  on 
the  subject  of  high-velocity  flow  in  open  channels,  and  has  been  par- 
ticularly interested  in  the  experiments  in  which  the  channel  was  given 
a  smooth  rounded  entrance,  producing  a  fairly  smooth  stable  flow 
through  it,  with  the  internal  pressure  conditions  in  such  channel  not 
upset  by  a  sharp-cornered  entrance. 

One  point  which  the  writer  wishes  to  make  in  this  connection  is 
that  the  quantity  of  discharge  through  a  channel  or  conduit  of  this 
type  may  be  governed  by  other  conditions  than  the  depth  of  water 
down  stream,  that  each  condition  of  flow  must  be  studied  by  itself 
to  determine  just  what  it  is  that  controls  the  quantity  of  flow,  and  that 
it  is  usually  a  simple  matter  to  make  this  computation  with  remark- 
able precision,  even  when  high-velocity  flow  and  the  hydraulic  jump 
are  involved. 

The  conclusion  to  be  drawn  from  the  experiments  is  a  justification 
of  the  d'Aubuisson  formula,  in  other  words,  the  Bernouilli  theorem. 
Everything  in  the  experiments  confirms  this  theorem  and,  conse- 
quently, justifies  the  computation  of  maximum  discharge  as  the  dis- 
charge at  a  depth  equal  to  two-thirds  the  total  net  head,  or  twice  the 
velocity  head.  Accordingly,  if  the  down-stream  head  on  the  controlling 
section  is  less  than  two-thirds  the  total  net  head,  it  is  too  low  to  have 
any  effect  on  the  quantity  discharged  (through  a  channel  or  conduit 
long  enough  to  contain  a  reasonably  uniform  flow).  It  is  also  true 
that  the  down-stream  head  can  be  quite  a  little  greater  than  this  two- 
thirds  depth  without  materially  decreasing  the  discharge.  This  char- 
acteristic of  the  water  surface  near  the  two-thirds  depth  has  a  tendency 
to  create  surface  waves. 

One  point  which  should  be  borne  in  mind  is  that  the  undulating 
surface  profile  does  not  represent  the  pressure  head  on  the  water  beneath 
the  surface,  as  one  might  be  led  to  expect  from  the  author's  compu- 
tations and  plotted  results.  The  vertical  height  based  on  this  undulating 
surface  which  he  has  marked  "loss  of  head",  and  which  appears  to 
increase  and  decrease  through  the  length  of  the  channel,  is  not  the 
actual  loss  of  head.  The  actual  loss  continually  increases  and  can 
never  be  recovered.  The  author's  profile  would  have  been  clearer,  if 
this  loss  of  head  had  been  plotted  vertically  down  from  the  "elevation 
of  head  water",  in  such  a  way  as  to  show  the  net  available  head  contin- 
ually decreasing.     Then  the  critical  two-thirds  depth  instead  of  being 

*  New  Orleans,  La. 

t  Received  by  the  Secretary,  March  25th,  1920. 
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plotted  as  two-thirds  of  the  total  original  head,  should  have  been  plotted 
as  two-thirds  of  the  net  head  after  subtracting  this  loss.  This  then 
would  have  shown  a  more  remarkable  coincidence  between  the  actual 
depth  in  the  channel  and  the  theoretical  two-thirds  depth  for  a  maxi- 
mum unobstructed  flow. 

To  bring  out  this  point  more  clearly,  the  writer  has  taken  all  those 
experiments  in  which  the  rounded  entrance  was  used,  has  used  a  con- 
stant coefficient  for  this  entrance  of  a  little  less  than  0.92,  which  is 
the  coefficient  apparently  indicated  by  the  experiments,  and  has  com- 
puted the  discharge  by  analyzing  each  ease  separately,  both  with  and 
without  the  expanding  flume,  disregarding  entirely  the  down-stream 
water  level  when  it  is  lower  than  the  critical  two-thirds  depth.  The 
computed  results  (Table  11),  compare  remarkably  well  with  the  meas- 
ured discharge,  undoubtedly  well  within  the  precision  of  the  measure- 
ment of  the  discharge. 

TABLE  11.— Flumes  with  Rounded  Entrance. 
Channel,  1  Foot  Wide;  Radius  of  Entrance  Sides,  6  Inches. 


Mr. 

Kennison. 


See  Author's 
Tables  4,  6,  7,  8.  9,  10.* 


Run  number. 


Up-stream  head,  in  feet 

Drop  to  pool 

Down-stream  water  level 

Effective  down-stream  headll 

Loss  at  entrance! 

Net  up-stream  head 

Two-thirds  of  up-stream  head** . . 

Velocity  head 

Computed  discharge,  iu  cubic  feet 

per  second 

Measured  discharge 


Short  Flume. 


1.41 

0.608t 

0.803 

0.803 

0.084 

1.336 

0.8SU 

0.443 

4.73 

4.735 


3t 


1.31 

0.453 
0.857 
0.S57 
0.073 
1.338 
0.835 
0.381 

4.35 
4.367 


1.16 

0.363 
0.798 
0.798 
0.058 
1.103 
0.735 
0.304 

3.53 
3.537 


Expanding  Flume. 


1.05 
0.33 

0.72 

§ 
0.063 
0.988 
0.659 
0.339 

3.03 
3.0 


1.08 

0.159 

0.921 

U.6S 

0.064 

1.016 

0.67S 

0.338 

3.17 
3.13 


1.11 

0.119 

0.991 

0.82 

0.05 

1.06 

0.71 

0.34 

3.3 
3.3 


1.18 

0.093 

1.087 

0.9G 

0.04 

1.14 

0.76 

0.18 

3.3 
3.3 


1.30 

0.067 

1.333 

I.IU 

0.03 

1.37 

0.85 

0.13 

3.3 
3.1 


*  Proceedings,  Am.  See.  C.  E.,  October-November-December,  1919,  pp.  732-734. 

t  The  numbers  of  these  runs  appear  to  be  interchanged  in  Table  4. 

t  0.508  in  Table  4  is  apparently  an  error. 

II  Before  velocity  head  is  recovered    (with,  say,  20%  loss)    in  expansion  to  3  ft. 
width. 

§  Too  low  possibly  to  affect  the  discharge ;  hydraulic  jump  must  occur. 

H  Velocity  head  in  flume,  19%,  equivalent  to  discharge  coefficient  of  a  little  less 
than   0.92. 

*♦  Use  this  depth  if  greater  than  effective  down-stream  head. 

R.  D.  Goodrich,*  M.  Am.  See.  C.  E.  (by  letter). f — This  paper  is       Mr. 
believed  to  be  a  most  valuable  contribution  to  the  literature  of  hydraulic  ^"o'^^ch. 
investigations  and  is  certainly  one  of  great  interest  to  all  engineers 
dealing  with  problems  of  river  training  and  regulation,  as  well  as  to 
those  interested  in  irrigation  and  power  development. 

*  Tientsin,  China. 

t  Received  by  the  Secretary,  April  1st,  1920. 
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Mr.  The  complete  description  of  the  plant  and  methods  used,  with  the 

■  illustrations,  give  confidence  in  the  accuracy  of  the  tabulated  data  and 
the  results  shown.  The  Cippoletti  weir  is  not  usually  considered  to 
be  as  accurate  a  measuring  device  as  the  rectangular  weir  with  sup- 
pressed contractions.  However,  in  this  case  where  special  experimental 
coefficients  are  used,  there  is  little  doubt  as  to  the  reliability  of  the 
measurements.  The  author's  descriptions  of,  and  comments  on,  the 
float  gauges  are  of  considerable  importance,  and  it  would  also  be  inter- 
esting to  know  what  led  to  the  selection  of  the  particular  curve  used 
for  the  sides  of  the  expanding  flume. 

The  experiments  show  conclusively  that  the  coefficients  in  the  two 
formulas  investigated  are  far  from  constant.  Although  these  coeffi- 
cients vary  with  the  nature  of  the  entrance  to  the  contraction,  it  is 
clearly  shown  that  this  variation  is  some  function  of  the  effective  head 
and  depth  of  the  contraction  and  also  in  one  case  of  the  width.  It  is 
possible  that  the  coefficients  for  rounded  or  other  forms  of  entrance 
vary  with  the  width,  as  well  as  those  for  the  sharp  edged  contractions. 
The  author's  results  on  the  two  different  widths  of  the  sharp  crested 
weir  agree  in  this  regard  with  the  coefficients  recommended  by  Mr.  W.  G. 
Beigh  from  his  observations  and  measurements  made  in  India,  which 
approach  unity  as  the  width  of  the  contraction  increases. 

While  the  author  has  treated  this  variation  as  linear  and  while  Fig. 
10  would  indicate  a  straight  line  law  for  the  sharp  edged  contraction, 
it  does  not  follow  that  it  would  be  so  in  all  cases ;  C  might  be  expressed 
by  a  relation  of  the  form : 

in  which  the  law  becomes  linear  when  n  =  1,  as  for  the  sharp  edged 
contraction.  The  writer  found  that  with  n  =^  2,  a  single  equation 
could  be  found  to  express  the  probable  variation  in  the  d'Aubuisson 
coefficient  for  the  round  edged  contraction,  very  nearly  if  not  quite 
as  well  as  the  two  equations  given  by  the  author.  To  do  this,  the  writer 
subdivided  the  points  shown  by  the  circles  in  Fig.  7  into  seven  groups. 
The  centers  of  gravity  of  these  groups  were  then  found  graphically 
and  their  co-ordinates  tabulated.  .  The  coefficients  were  then  plotted 

against  the  squares  of  ratios,  — ^. 

It  was  found  that  a  straight  line  passes  practically  through  all 
except  the  lowest  of  these  points.  An  equation  could  be  written  giving 
a  reversal  in  the  direction  of  curvature  so  as  to  make  the  curve  pass 
through  the  center  of  this  lower  group  and  near  the  lowest  isolated 

point  by  introducing  a  term  in  the  form  G  {^j   ■,   but    there    are    not 
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enough   experiments  with  very  small  differences   in  depth   to  warrant       Mr. 
this.     The  resulting  equation  is  : 

C  =  0.877  -f  0.32  (  -f 

This,  however,  is  probably  not  the  correct  expression  for  the  com- 
plete law  of  the  variation  in  C,  which  should  approach  unity  instead 

of  a  quantity  less  than   unity,  for   very  small   values    of  ~.     For  as 

i?3  decreases  it  approaches  the  value  of  the  velocity  head  as  its  limit. 
With  any  given  value  for  Q,  H^  decreases  with  increase  in  A,  which 
has  the  area  of  the  channel  of  approach  as  its  limit.  In  order  that 
the  value  of  Q  may  remain  constant  as  H  and  A  both  approach  their 
limits,  it  is  necessary  that  C  approach  unity  as  its  limit.  It  seems 
probable,  therefore,  that  the  variation  of  C  is  only  approximately  linear 
even  for  sharp  edged  contractions.  In  other  words,  the  author's  inves- 
tigations, by  demonstrating  the  variation  of  C,  also  demonstrate  that 
neither  of  the  formulas  discussed  represents  the  true  law  for  the  dis- 
charge of  contracted  sections. 

The  above  simply  illustrates  another  method  of  analyzing  the  results 
obtained  and  is  not  intended  as  a  criticism  of  the  author's  investi- 
gation. In  fact,  he  brings  out  several  characteristics  in  the  formulas 
which  might  have  been  overlooked  if  he  had  used  the  method  mentioned. 

In  discussing  the  sharp  edged  contraction,  the  author  shows  a  very 
interesting  relation  between  the  d'Aubuisson  and  Weisbach  formulas. 
In  this  connection  the  writer  wishes  to  call  attention  to  the  statement 
made  at  the  bottom  of  page  742,*  that  all  the  particles  below  the  tail- 
water  level  have  the  same  velocity.  This  assumption  is  used  in  the 
development  of  the  Weisbach  formula,  but  it  does  not  agree  with 
observations  of  velocities  in  open  channels  either  above,  below,  or  at 
gate  openings  and  contracted  sections. 

The  tendency  of  velocities  in  a  vertical  section  of  a  stream  to  vary 
as  the  ordinates  to  a  curve  of  more  or  less  parabolic  or  elliptical  form 
is  too  well  known  to  be  discussed  here.  It  might  be  noted,  however, 
that  the  rate  of  change  of  velocity  is  especially  rapid  near  the  bottom. 
The  writer  has  measured  velocities  with  a  current  meter  above  an  open 
sluice-gate  which  showed  a  maximum  velocity  of  approach  of  approxi- 
mately twice  the  average,  located  considerably  below  mid-depth.  The 
vertical  velocity  curve  when  plotted  looked  like  an  ordinary  velocity 
curve  inverted.  All  the  observations  taken  at  the  several  sections  made 
showed  the  same  conditions,  and  such  ''under  tows"  have  been  frequently 
observed.  It  is  suggested  that  the  words  "theoretical  velocity"  would 
have  given  a  more  accurate  statement  for  the  author's  purpose. 

*  Proceedings,  Am.  Soc.  C.  E.,  October-November-December,  1919. 
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Mr.  The  author  calls  attention  to  the  fact  that  the  coefficients  for  the 

00  ric  .  (jispjjapgg  above  and  below  the  level  of  the  tail-water  might  be  different, 
instead  of  being  assumed  the  same  as  in  the  ordinary  Weisbach 
formula,  and  further  that  the  coefficient  for  the  discharge  below  the 
level  of  the  tail-water  is  the  larger  in  the  case  of  contracted  sections, 
while  for  submerged  weirs  the  larger  coefficient  applies  to  the  section 
above  the  tail-water  level.  That  this  difference  is  due,  at  least  in  part, 
to  the  effects  of  contractions  on  the  sides  and  surface,  as  explained  by 
the  author,  is  probably  true.  It  may  also  be  true  that  the  depth  of 
the  thread  of  maximum  velocity  may  influence  these  coefficients.  It  is 
certainly  true  that  the  maximum  velocity  and,  therefore,  the  maximum 
discharge  per  unit  depth  is  nearer  the  surface  above  a  weir,  than  it  is 
above  a  submerged  gate ;  and  the  discharge  through  a  contracted  section 
is  very  similar  to  that  through  a  particularly  submerged  gate. 

The  high  values  of  the  coefficients  for  the  discharge  through  both 
the  short  and  the  expanding  flume  are  very  noticeable  and  lead  one  to 
think  that  the  coefficients  used  in  practise  are  frequently  too  small.  The 
author's  discussion  of  the  experiments  on  these  flumes  is  most  interest- 
ing, and  his  theories  appear  to  be  most  reasonable  and  logical.  They 
agree  with  some  of  the  writer's  observations  and  offer  explanations  for 
various  phenomena  for  the  first  time,  so  far  as  the  writer  is  aware.  A 
case  in  point  is  discussed  in  Appendix  II. 

The  writer  has  not  devoted  much  study  to  the  phenomena  of  flow 
through  flumes  and  therefore  is  unable  to  discuss  that  part  of  the  paper 
as  he  would  wish.  The  author's  paper  is  one  to  be  highly  commended 
and  it  is  sincerely  hoped  that  he  will  soon  be  able  to  continue  and  enlarge 
upon  his  investigations,  which  have  added  materially  to  the  knowledge 
of  the  undeveloped  science  of  hydraulics. 
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Note. — Memoirs  will  be  reproduced  in  the  volumes  of  Transactions.  Any  in- 
formation which  will  amplify  the  records  as  here  printed,  or  correct  any  errors, 
should  be  forwarded  to  the  Secretary  prior  to  the  final  publication. 


HENRY   WILSON   HODGE,   M.   Am.   Soc.   C.  E.* 


Died  December  21st,  1919. 


When  a  man  passes  into  the  next  life,  leaving  behind  him  a  record 
of  high  accomplishment,  the  World  seeks  for  the  causes  that  lifted  him 
above  the  general  level  of  his  fellows  and  in  so  doing  gives  first  place  to 
those  influences  that  play  so  large  a  part  in  the  moulding  of  man's 
character  and  in  the  shaping  of  his  destiny — heritage  and  family  tradi- 
tion, early  training  and  environment,  education,  and  the  associations 
of  later  years. 

In  the  life  of  Henry  Wilson  Hodge  the  effect  of  these  influences  was 
manifest  to  a  remarkable  degree,  in  cultivating  the  qualities  that  won 
for  him  lasting  fame,  not  only  as  a  brilliant  engineer,  but  in  an  equal 
degree  as  a  patriotic  citizen,  a  loyal  friend,  and  a  fearless  man  of  broad 
humanities  and  lofty  ideals  to  which  he  was  ever  true. 

Henry  Wilson  Hodge  was  born  in  Washington,  D.  C,  on  April  14th, 
1865 — the  day  made  memorable  by  the  assassination  of  President  Lin- 
coln— of  a  long  line  of  American  ancestry  reaching  back  to  early 
Colonial  times. 

His  father,  John  Ledyard  Hodge,  a  great-grandson  of  the  first  of  the 
line  in  America,  who  came  from  Ireland  about  1745,  was  born  in  Phila- 
delphia, Pa.,  was  graduated  from  Princeton,  and  removed  to  Washington 
at  the  time  that  his  father,  William  Ledyard  Hodge,  was  made  Assistant 
Secretary  of  the  Treasury  during  the  administration  of  President 
Fillmore.  The  paternal  grandmother  of  Col.  Hodge  was  Sarah  Bayard, 
of  Philadelphia,  whose  grandfather,  John  Bayard,  was  a  leading  man 
in  that  city  and  as  Colonel  of  a  Philadelphia  regiment  during  the 
Revolutionary  War  served  in  many  actions  and  was  personally  com- 
plimented by  Gen.  Washington  for  his  gallantry  at  the  Battle  of 
Princeton.  This  John  Bayard  was  a  great-grandson  of  Peter  Bayard, 
who  came  to  this  country  in  1647  with  his  uncle,  Peter  Stuyvesant,  the 
last  Dutch  Governor  of  New  Amsterdam. 

The  mother  of  Col.  Hodge  was  Susan  Savage  Wilson,  a  daughter 
of  Henry  Parke  Custis  Wilson,  of  Virginia,  and  a  sister  of  the  eminent 
surgeon  of  that  name  in  Baltimore,  Md.  This  family,  which  was  of 
Scotch-Irish  extraction,   settled  in  America  in  1700  and  was   instru- 

*  Memoir    prepared    by    the    following    committee :    W.    J.    "Wilgus,    Frederic    A. 
Molitor,  Howard  C.  Baird,  and  Robert  Giles,  Members,  Am.  Soc.  C.  E. 
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mental  in  founding  the  first  Presbyterian  Church  in  this  country  at 
Rehoboth,  Md.  Mrs.  Hodge  was  a  deeply  religious  woman  of  noble 
character,  and  her  son  often  remarked  to  his  friends  that,  raised  as  he 
was  under  Spartan  conditions  with  no  surplus  of  worldly  possessions, 
it  was  to  her  teachings  and  example  that  he  owed  the  best  in  his 
character. 

In  fact,  it  is  hard  to  imagine  how  Mr.  Hodge  could  have  been  other- 
wise than  a  man  of  high  principle,  with  such  fine  traditions,  early 
training,   and  environment. 

Educated  at  Young's  Private  School  in  Washington,  his  health, 
always  delicate  as  a  child,  broke  under  the  strain  of  untiring  study, 
and  at  the  age  of  fifteen  he  joined  a  surveying  party  on  the  Chesapeake 
and  Ohio  Railroad  in  the  mountains  of  West  Virginia,  and  carried  a 
chain  for  nearly  two  years.  The  experiences  of  this  rough  outdoor  life 
not  only  built  up  his  constitution,  but  they  awakened  in  him  the  ambi- 
tion to  become  an  engineer.  Acting  on  this  thought  he  borrowed  the 
necessary  money  through  the  kindness  of  a  relative,  and,  in  1882, 
entered  Rensselaer  Polytechnic  Institute,  from  which  he  was  grad- 
uated in  1885. 

Now  fairly  launched  in  his  life's  work,  Mr.  Hodge  entered  the 
service  of  the  Phoenix  Bridge  Company,  with  which  for  six  years,  under 
the  direction  of  its  Chief  Engineer,  the  late  A.  Bonzano,  M.  Am.  Soc. 
C.  E.,  he  was  successively  Draftsman  and  Computer,  Assistant  Engineer 
and  Resident  Engineer,  gaining  through  practical  experience  the  broad 
foundation  on  which  was  reared  his  future-  success.  Among  the  struc- 
tures with  the  design  of  which  he  was  connected  during  this  period  was 
the  Huntington  Bridge  at  Cincinnati,  Ohio.  He  also  had  much  to  do 
with  the  planning  and  erection  of  the  Pecos  Valley  Viaduct  of  the 
Southern  Pacific  Railway. 

In  1891  came  an  important  change  in  his  fortunes  when  he  accepted 
the  position  as  Chief  Engineer  of  the  Union  Iron  Works,  at  New  York 
City,  in  which  city  he  spent  the  remainder  of  his  life. 

About  this  time  Mr.  Hodge  joined  the  University  Place  Presby- 
terian Church  and  shortly  after  became  an  Elder  and,  later,  one  of 
its  Trustees,  giving  freely  of  his  time  and  substance  to  a  cause  which 
was  always  dear  to  him.  For  nearly  thirty  years,  he  was  Superin- 
tendent of  the  Sunday-school  of  this  Church,  which  he  attended  with 
unfailing  regularity  and  where  he  exerted  a  great  influence  over  hun- 
dreds of  young  people. 

Soon  after  coming  to  New  York  City  he  had  joined  the  Seventh 
Regiment  of  the  National  Guard.  A  stranger  in  the  city,  he  foumd  his 
service  in  Company  K  a  real  pleasure,  and  the  friendships  which  he 
made  there  were  among  the  warmest  of  his  life.  He  always  regarded 
his  old  regiment  with  genuine  affection. 
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An  important  step  in  his  life  came  in  1893  when  his  employment 
with  the  Union  Iron  Works  was  terminated,  and  he  ventured  into  the 
field  of  the  independent  consulting  engineer.  For  the  ensuing  two 
years  Mr.  Hodge  did  much  important  work,  one  instance  of  which  was 
the  preparation  of  standard  plans  of  bridges,  of  lengths  ranging  from  10 
up  to  200  ft.,  for  the  900-mile  extensions  of  the  Choctaw,  Oklahoma 
and  Gulf  Railroad,  of  which  Frederic  Molitor,  M.  Am.  Soc.  C.  E.,  was 
then  Chief  Engineer. 

In  1895  he  entered  the  employ  of  the  late  Alfred  P.  Boiler,  M.  Am. 
Soc.  C.  E.,  with  whom  four  years  later  he  entered  into  partnership 
under  the  firm  name  of  Boiler  and  Hodge,  afterward  changed,  through 
the  admission  of  Howard  C.  Baird,  M.  Am.  Soc.  C.  E.,  to  Boiler,  Hodge 
and  Baird.  Following  the  death  of  Mr.  Boiler  in  1912,  the  firm  name 
was  changed  to  Hodge  and  Baird. 

During  this  period  of  a  quarter  of  a  century  the  work  for  which 
Mr.  Hodge  was  largely  responsible  covered  a  wide  field,  embracing  note- 
worthy structures  in  many  parts  of  the  world.  Among  these  were  the 
sightly  Great  Northern  Railroad  Bridge,  at  Duluth,  Minn.;  the  Choc- 
taw, Oklahoma  and  Gulf  Railroad  Bridge,  at  Little  Rock,  Ark.,  the 
pleasing  design  of  which  stands  as  a  monument  to  his  instinct  for  good 
taste;  all  bridges  for  the  National  Railroad  Company  of  Mexico  and 
for  several  South  American  companies,  among  which  were  the  Brazil, 
Cerro  de  Pasco,  Bolivian  Central,  and  Madeira-Mamore  Railways;  all 
bridges  for  the  Philippine  Railways  and  Manila  Railway ;  the  Riverside 
Viaduct  at  96th  Street  and  the  Melrose  Avenue  Viaduct,  in  New  York 
City;  the  bridges  over  the  Connecticut  River  at  Saybrook  and  East 
Haddam ;  and  all  bridges  for  the  Wabash-Pittsburg  Terminal  Company, 
including  the  impressive  cantilever  bridges  of  that  company  over  the 
Ohio  and  Monongahela  Rivers,  the  latter  having  a  span  of  812  ft., 
which  was  the  longest  railroad  span  then  in  existence  with  the  exception 
of  the  Forth  Bridge.  His  crowning  work  was  the  great  Municipal 
Bridge  over  the  Mississippi  River,  at  St.  Louis,  Mo.,  in  which  his  initia- 
tive was  notably  displayed  in  the  use  of  nickel  steel  for  the  main 
members  of  the  exceptionally  long  simple  channel  spans. 

In  an  advisory  or  consulting  capacity  Mr.  Hodge's  genius  was 
utilized  on  the  Blackwell's  Island  and  Manhattan  East  River  Bridges 
of  the  City  of  New  York;  the  rehabilitation  of  the  elevated  lines  of 
the  Brooklyn  Rapid  Transit  Company;  the  rebuilding  of  the  Quebec 
Bridge  after  the  collapse  of  the  original  structure;  the  Singer  and 
Metropolitan  Towers,  in  New  York  City;  and  studies  and  investiga- 
tions for  the  proposed  great  interstate  bridge  over  the  North  River  at 
New  York  City.  He  was,  at  the  time  of  his  death,  a  member  of  the 
Board  of  Consulting  Engineers  for  the  proposed  vehicular  tunnel  under 
the  North  River,  between  Lower  Manhattan  and  Jersey  City,  N.  J. 
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It  is  not  only  by  this  multitude  of  examples  of  his  engineering  skill 
that  the  professional  work  of  Mr.  Hodge  is  to  be  judged.  Never 
seeking  office,  it  was  with  reluctance  that  he  consented,  through  a  sense 
of  duty  and  at  great  personal  sacrifice,  to  accept  a  place  on  the  Public 
Service  Commission  of  the  New  York  District  proffered  to  him  by 
Governor  Whitman  in  January,  1916.  His  peculiar  function  as  a  Com- 
missioner was  to  supervise  the  construction  of  the  great  subway  exten- 
sions then  in  progress,  as  well  as  to  deal  with  many  matters  of  a 
regulatory  nature.  In  this  trying  place  he  revealed  fearlessness  and 
powers  of  decision  which  won  for  him  the  renewed  admiration  of  his 
friends  and  the  respect  and  support  of  his  colleagues,  the  press,  and 
the  community  at  large.  His  remarkable  success  as  a  Commissioner 
went  far  to  support  the  claim  that  the  engineer  of  character,  experience, 
and  administrative  capacity  is  ideally  suited  for  high  public  office. 

The  entry  of  the  United  States  into  the  World  War  brought  a 
ready  response  from  Mr.  Hodge,  who  sometime  before  had  patriotically 
volunteered  for  and  received  a  commission  in  the  Engineer  Officers' 
Eeserve  Corps.  Governor  Whitman  felt  that  the  subway  situation  in 
New  York  City  was  such  that  Mr.  Hodge  owed  his  first  duty  to  the 
State,  but,  later,  he  withdrew  his  opposition  to  and  accepted  the  resig- 
nation of  Mr.  Hodge,  who  sailed  for  France  with  the  rank  of  Major, 
in  July,  1917. 

From  this  time  until  his  discharge  Col.  Hodge  rendered  notable 
service  to  his  country,  first  in  charge  of  the  design  of  railroad  structures 
for  the  rapidly  expanding  transportation  needs  of  the  Army  in  France, 
then  as  Manager  of  Roads,  and,  finally,  as  Assistant  Chief  Engineer  of 
the  Army  in  charge  of  military  bridges.  He  was  promoted  to  the  rank 
of  Lieutenant-Colonel  on  October  26th,  1917,  and  to  Colonel  on  August 
13th,  1918,  and  received  his  honorable  discharge  on  January  22d,  1919, 
soon  after  his  return  to  the  United  States. 

In  the  months  that  followed  Col,  Hodge  entered  vigorously  into 
the  rebuilding  of  his  professional  practice,  but  his  friends  noticed  a 
change  for  the  worse  in  his  physical  condition,  beyond  doubt  brought 
about  by  his  experiences  in  the  Army.  His  sudden  death,  however,  on 
December  21st,  1919,  came  as  an  unexpected  shock  to  them. 

Col.  Hodge  was  a  man  of  commanding  figure,  tall  and  well  propor- 
tioned, with  features  that  reflected  a  rare  combination  of  strength  and 
kindliness.  His  manners  were  always  courteous  and  marked  with  the 
frankness  and  sincerity  that  command  confidence  and  respect.  Humor 
to  an  unusual  degree  was  inherent  in  his  nature  and  smoothed  not  only 
his  own  path  through  life  but  also  the  rugged  roads  of  his  friends,  who 
never  looked  to  him  in  vain  for  warm  sympathy  and  helpful  advice. 
To  quote  the  words  of  Tennyson  he  was: 

"That  tower  of  strength 
Which  stood  four-square  to  all  the  winds  that  blew." 
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Mentally,  spiritually,  physically,  he  truly  was  a  man  of  mark,  loved 
for  his  warm  humanity  and  lofty  ideals,  admired  for  his  commanding 
ability  and  strength  of  purpose,  and  respected  for  his  straight  thinking, 
sterling  integrity,  and  fidelity  to  duty. 

Col.  Hodge  was  married  on  December  14th,  1897,  to  Sarah  Cunning- 
ham Mills,  only  child  of  George  Mills,  of  Savannah,  Ga.,  who  survives 
him. 

He  was  a  Trustee  of  Rensselaer  Polytechnic  Institute,  from  which 
he  received  the  degree  of  Doctor  of  Engineering  in  1918,  a  member  of 
the  Council  of  New  York  University,  a  Director  of  Princeton  Theo- 
logical Seminary,  and  a  Director  of  the  American  Church  in  Paris. 
He  was  also  a  member  of  the  Board  of  Foreign  Missions  of  the  Presby- 
terian Church  and  of  the  Board  of  Managers  of  the  Knickerbocker 
Hospital  of  New  York  City,  and  a  Governor  of  "Chester  Crest",  Mount 
Vernon,  a  home  for  intemperate  men. 

In  his  profession,  he  was  a  member  of  the  American  Institute  of 
Consulting  Engineers,  in  which  he  was  a  Past  Director,  the  Canadian 
Society  of  Civil  Engineers  and  the  Institution  of  Civil  Engineers  of 
Great  Britain.  He  was  also  a  Veteran  of  the  Seventh  Regiment,  and 
Secretary  of  the  Associates  of  the  Engineer  Corps  of  Company  K, 
Seventh  Regiment,  National  Guard,  New  York;  a  member  of  the 
Citizens'  Union  of  New  York  City;  and  a  member  of  the  Chamber  of 
Commerce  of  the  State  of  New  York.  His  clubs  were  the  Century, 
University,  and  Downtown  of  New  York  City. 

Col.  Hodge  was  elected  a  Junior  of  the  American  Society  of  Civil 
Engineers  on  January  5th,  1887,  and  a  Member  on  October  2d,  1895. 
He  served  as  a  Director  of  the  Society  from  1913  to  1915,  inclusive. 


ROBERT   WINTHROP  PRATT,   M.  Am.   Soc.   C.    E.* 


Died  February  2d,  1920. 


Robert  Winthrop  Pratt  was  born  on  December  23d,  1876,  in  Brook- 
line,  Mass.  He  was  descended  from  old  New  England  families,  his 
father — a  descendant  of  John  Alden — being  Robert  Winthrop  Pratt, 
and  his  mother,  Grace  (Kellogg),  Pratt. 

Mr.  Pratt's  early  education  was  obtained  in  the  public  schools  of 
Boston,  while  his  technical  education  was  acquired  at  the  Massachu- 
setts Institute  of  Technology,  from  which  he  was  graduated  as  a  Civil 
Engineer  in  1896. 

*  Memoir    prepared    by    Robert    Hoffmann    and    W.    H.    Dittoe,    Members,    Am. 
Soc.   C.    E. 
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After  his  graduation,  Mr.  Pratt  began  his  practical  engineering 
experience  with  the  Boston  and  Albany  Railroad.  After  about  a  year 
of  railroad  work,  he  left  this  field  and  started  his  career  in  sanitary 
engineering  as  Assistant  Engineer  with  the  Massachusetts  State  Board 
of  Health.  He  remained  with  the  State  Board  of  Health  for  four  years 
and  then  moved  to  Ohio,  where  he  was  engaged  as  Chief  Engineer  of 
the  Ohio  State  Board  of  Health,  holding  this  position  from  1903  to 
1911.  During  the  early  years  of  his  work  in  Ohio,  he  also  supervised 
for  the  Federal  Government  the  gauging  of  stream  flows  in  Ohio 
streams.  This  work  was  well  performed  and  has  proved  to  be  of  con- 
siderable value. 

During  one  year  of  his  connection  with  the  Ohio  Board  of  Health, 
namely  1909-10,  Mr.  Pratt  was  given  a  leave  of  absence  to  permit  him 
to  visit  Havana  as  Consulting  Engineer  for  the  Cuban  Government,  in 
connection  with  the  design  of  water  supply  and  sewerage  systems  for 
several  Cuban  cities. 

In  October,  1911,  Mr.  Pratt  left  his  position  with  the  State  Board 
of  Health  and  moved  to  Cleveland,  Ohio,  where  he  became  Special 
Sanitary  Engineer  for  the  latter  city,  and  where  he  also  began  his  pri- 
vate practice  as  Consulting  Sanitary  Engineer. 

In  connection  with  his  work  in  Cleveland,  he  directed  the  tests  and 
investigations  which  were  conducted  preliminary  to  designing  the 
sewage  disposal  plants  for  the  city.  The  early  studies  and  general  plans 
for  the  Cleveland  Sewage  Disposal  System  were  also  carried  on  under 
Mr.  Pratt's  general  direction.  During  this  same  i>eriod,  he  also  acted 
as  Consulting  Engineer  for  the  Water  Department,  in  connection  with 
the  design  of  the  water  filtration  plant. 

Mr.  Pratt's  professional  life  was  an  exceedingly  busy  one,  and  many 
places  in  Ohio  and  elsewhere  are  supplied  with  sewerage  or  water  sys- 
tems and  with  treatment  plants  built  under  his  direction.  He  had  also 
prepared  a  number  of  important  reports  on  water  and  sewerage  projects, 
of  which  the  preliminary  studies  and  report  on  the  Toledo,  Ohio, 
sewerage  problem  and  his  investigation,  tests,  and  report  on  the  pro- 
posed filtration  of  the  water  supply  of  Detroit,  Mich.,  may  be  men- 
tioned as  of  special  importance. 

The  World  War  found  Mr.  Pratt  particularly  busy  in  connection 
with  engineering  work  for  the  Chillicothe  Cantonment  and  with  indus- 
trial housing  developments. 

He  had  prepared  many  printed  reports  in  connection  with  his  Board 
of  Health  work  as  well  as  descriptions  of  work  designed  by  himself. 
He  was  joint  author  of  the  well-known  book  on  "Sewage  Disposal",  by 
Messrs.  L.  P.  Kinnicut,  C.-E.  A.  Winslow,  and  R.  Winthrop  Pratt. 

Mr.  Pratt  had  a  fine,  pleasing  personality  and  was  a  most  agreeable 
associate,  socially  and  in  business.    He  had  a  faculty  of  taking  a  broad 
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view  of  things  which  helped  him  wonderfully  in  matters  coming  to  his 
attention.  He  had  high  ideals  of  engineering  ethics  which  he  practiced 
himself  and  expected  others  to  observe.  Through  his  untimely  death, 
which  was  due  to  pneumonia  and  occurred  on  February  2d,  1920,  after 
only  a  week's  illness,  the  Engineering  Profession  loses  a  valued  mem- 
ber and  his  closer  acquaintances  a  true  and  faithful  friend. 

In  June,  1903,  he  was  married  to  Elizabeth  Southwick,  of  New  York 
City,  who,  with  a  family  of  two  sons  and  two  daughters,  survives  him. 

Mr.  Pratt  was  elected,  a  Member  of  the  American  Society  of  Civil 
Engineers  on  June  6th,  1911. 
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